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ABSTRACT

The present study was conducted during 2006 an@7 20
experimental seasons to investigate the salinlgraoce of banana plants
through studying the response of some vegetatiogvtyr and chemical
constituents to the specific and interaction effextfour evaluated factors
l.e., a) banana cv. (Williams & Grand Nain); b)is#&y concentration
(2000 & 3000 ppm), ¢) SAR (3 & 6) and d) Cl:Sftio (low & high).

Data obtained revealed that all evaluated growdmasurements
(pseudostem height & circumference); (number of/dsa& area); fresh
and dry weights of differential above and undergplant organs, as well
as leaves senescent rate responded significantlthes exhibiting a
negative relationship to level of salinity, SAR a@#tSQ, ratio except
senescent rate which followed a conflicted trend.

Nevertheless, all chemical constituents under ystud., foliar
photosynthetic pigments (chlo. A & B and carotingspline and mineral
nutrients (N, P, K, Ca, Mg, Fe, Mn and Zn) werengigantly influenced.
Whereas photosynthetic pigments and some nutrisht3, K, Mg, Fe, Mn

and Zn) followed the same trend previously detecteth growth



measurements, however proline and both (Ca & N&wed an opposite
direction (similar to that found with senescenteraf leaves) regarding
their response to level of salinity conc., SAR &80, ratio. Besides, in
most cases Grand Nain plants showed significangizdr values of both
vegetative growth and chemical composition excepescent rate and leaf

(Ca & Na) content, where the reverse was true Wiilhams cv.

INTRODUCTION

Bananalusa spp.) is a tropical plant and considered as a oneef th
most popular fruit in Egypt for its high nutritiwealue and palatability for
the Egyptian consumer. Also from the economicahpof view, banana
growers get relatively higher and fast net retwomt their orchard due to
the rapid life cycle of banana plant. The over alerage of banana in
Egypt progressively developed through the formerade which reached
about 28750 and 58607 Fed. in 1986 and 1999, riagplgc(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.

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 evéemwthe 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 concaian, SAR, Cl:SQ@ratio
and their combinations on growth and chemical caitjpms of two

banana cultivars (Williams & Grand Nain).

MATERIAL AND METHODS

The present investigation was carried out during successive
seasons of 2006 and 2007 in greenhouse belongirigetdorticulture
Research Station, El-Kanater, Kalubia, Governotfaggipt. Three months
old, uniform and healthy suckers (plants) of twadn@a cultivars (Williams
and Grand Nain) were used as plant materials ferstindy.

On March 18 for both seasons suckers of two banana cultivare w
transplanted individually i.e. each was planted@thcm in diameter pots
(plastic bags) filled with 10 kg clay and sand manet at 2:1 ratio (by
volume). Irrigation was carried out twice weekly dyding one litter of tap
water for each pot until investigated treatmentthaf study were started in
both experimental seasons. Each pot (plant) wagliegpwith (NH,),SO;,
K,SO, and ROs applied every other two weeks at the rate of {127and
0.6 gm/pot for I 2" and ¥ fertilizers, respectively, from April®Luntil
mid-September. However, irrigation with differerdline solution was
started two weeks later i.e., on April &nd continued until October'1
Effect of different saline solutions on two banana cultivars.

In this regard eight solutions represented theerbffit possible
combinations between the following four investigafactors i.e., a) two
banana cultivars (Williams and Garnd Nain), b) tsaline concentrations
(2000 and 3000 ppm), c) two SAR (3 & 6) and d) @QE0, ratios (low &
high), were prepared as shown in Table (1), bedmj@svater irrigation as

control were investigated.






Thus; nine investigated treatments were as follows:

1- Tap water "control”.
2- 2000 ppm saline solution with SAR 3 and low Cl;$atio.
3- 2000 ppm saline solution with SAR 3 and highSCj; ratio.
4- 2000 ppm saline solution with SAR 6 and low ©;&atio.
5- 2000 ppm saline solution with SAR 6 and highSCj; ratio.
6- 3000 ppm saline solution with SAR 3 and low Cl;$atio.
7- 3000 ppm saline solution with SAR 3 and highSCl; ratio.
8- 3000 ppm saline solution with SAR 6 and low Cl;&atio.
9- 3000 ppm saline solution with SAR 6 and highSCj; ratio.

The complete randomized block design with five icgtlons was
devoted for arranging the above mentioned invesdatreatments,
whereas each replicate was represented by twasplant
1. Growth measur ements:

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, senescentfrégaves (yellowish
. total) and average area].

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

In each season the aforesaid growth measuremewtspideaf 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 watemtloeen dried at 70°C till



a constant weight for the dry matter estimationaMehile, 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 leaharal 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 noietz
colorimetrically in each sampled leaves levelsthat optical densities of
(662, 644 and 440 mm for chlorophyll A, B and carmtides compounds,
respectively, according tgornal (1982)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 EIm&003 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 means were distinguished accortbhnthe 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

Data obtained concerning .the response of vegetarowth and
chemical composition of banana suckers to speaifit interaction effects
of the investigated four factors i.e., banana eaits; salinity concentration;
SAR and Cl:SQ@ratio of saline solutions used for irrigation gresented
in Tables (2, 3, 4,5, 6,7, 8 and 9).
1. Vegetative growth measur ements:
1.1. Pseudostem length and circumfer ence:
A- Specific effect:

Concerning the specific effect of cultivar, Tab®) displays that
both pseudostem measurements followed to greahteitte same trend,
where Grand Nain cv. exceeded significantly Willgamv. during both

seasons.



As for the specific effect of salinity concentratjoit was quite
evident as shown from Table (2) that both investiddevels (2000 & 3000
ppm) reduced statistically both pseudostem parasets compared to
control (tap water irrigation). Herein, the sevémesiuction was always in
concomitant to the 3000 ppm irrigated plants, dedicggyly followed by
those subjected to 2000 ppm and tap water fronsstal point of view.
Nevertheless, the specific effect of two other stigated factors i.e. SAR
(3 & 6) and CIl:SG ratio (low & high) reflected also an obvious vaca.
Hence, a significant negative relationship betweither SAR or Cl.SQ
levels from one hand and values of both pseudopemameters from the
other was obviously detected during both seasons.

B- Interaction effect:

Data obtained revealed that each investigatedifaetiected directly
its own specific effect on interaction effect oethcombinations. He rein,
the most depressive effect was exhibited by the 00 saline solution of
SAR 6 and higher Cl:S{ratio, regardless of banana cultivar, where the
least values of both pseudostem parameteree detected during two
seasons. On the contrary, the lightest reductidowbeontrol (tap water
irrigation) was statistically in closed relationgho the Grand Nain suckers
irrigated with 2000 ppm saline solution of SAR 3ldawer CI:SQ ratio,
for two pseudostem parameters which in most cagesia statistically
vary than control during both seasons. In additaiher investigated

combinations were in between the aforesaid twoeexds.
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1.2. Leaves measurements (total number/plant; senescent rate
yellowish : total" and average leaf area):
A- Specific effect:

Referring the specific effect of cultivar, Table) @splays that the
response of 3 leaves measurements did not follevgdime trend. Anyhow,
two banana cultivars had approximately the samebeurof total leaves
per plant. However, for two other leaves parametars conflicted trends
were detected. Whereas Wilhams cv. showed significdnigher rate of
senescent leaves (yellowish : total number), batrédverse was true with
average leaf area since Grand Nain surpassedtistdiys Williams cv.
during both seasons.

As for the specific effect of three other investeghfactors (salinity
concentration, SAR and Cl:Q@atios) Table (3) declares that both total
number of leaves/plant and average leaf area felibothe same trend,
whereas a negative linear relationship betweenegahf three investigated
factors (concentration, SAR and CIl:gOfrom one hand and both
concerned leaves measurements (number & area) tinenother were
detected during two seasons. On the contrary viighsenescent rate of
leaves the trend of response took the other waynaro(positive
relationship).

B- Interaction effect:

Table (3) shows a considerable variances in threavels
measurements, whereas specific effect of each tiga¢sd factor was
directly reflected on their interaction effect. er, the severest reduction
in both average leadrea and total number of leaves/plant associatéd wi
the greatest rate of senescent leaves was sigttifiaa closed relationship
with such combinations representative of the itagaWilliams and Grand
Nain banana plants (especially former cultivarigated with 3000 ppm

11



12



saline solution of SAR (6) and higher Cl:Sf@tio during two seasons of

study. On the contrary, the lightest influence tlcantrol was markedly

coupled with the irrigated Williams and Grand Nabanana plants

(especially later cultivar) with 2000 ppm solutioh SAR 3 and lower

Cl:SO, ratio. In addition, other combinations were invisegn.

1.3. Fresh and dry weight of aboveground (aerial) and underground
organs:

1.3.1. Aboveground organs (pseudostem & |eaves):

A- Specific effect:

In this respect fresh and dry weights of both psstem and leaves
in response to four investigated factors were ¥ dboveground organs
concerned as shown in Table (#wo organs followed the same trend,
whereas Grand Nain cv. showed heavier weight thaifliawis cv.
Moreover, with increasing level of salinity concextion of the saline
solution and/or any afs SAR/C1:SQratio weight values (fresh & dry) of
both leaves and pseudostem were significantly dseik
B- Interaction effect:

Table (4) shows that the specific effect of therfauwestigated
factors (banana cv., saline concentration, SAR @h&Q, ratio) were
reflected on interaction effect of their combinaso Anyhow, the severest
depressive effean fresh and dry weights of the aboveground plagais
(leaves & pseudostem) was significantly exhibitgdtibe 3000 ppm of
either lower or higher SAR and Cl:3€atio, regardless of banana cultivar
during two seasons (2006 & 2007). However, in moases irrigated
Williams plants with 3000 ppm saline solutions oAR5 6 and higher
Cl:SO, ratio tended to have the lightest (fresh and avgjghts of two
aerial plant organs), but differences is signifibaabsent as compared to
three other combinations of 3000 ppm of SAR. Suehd was true during

13
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both 2006 & 2007 seasons except with leaves fresight On the
contrary, the least reduction in fresh and dry Wwtigof leaves and
pseudostem exhibited by irrigation with saline sols as compared to
control (tap water irrigation) was always in sigraint concomitant to
Grand Nain plants irrigated with 2000 ppm salinuson of SAR 3 and
lower CI:SQ. In addition, other combinations were in between.

1.3.2. Underground organs.

In this regard true stem (corm) and roots weretwe underground
organs investigated regarding the response of filesih and dry weights to
specific and interaction effects of four factorsshewn from tabulated data
in Table (5).

A- Specific effect:

Both underground organs (corm & roots) followed #zane trend
previously detected with the aboveground organardigg the response to
specific effect of four investigated factors (bamanultivar, salinity
concentration, SAR and CIl:SQ@atio).

B- Interaction effect:

It is quite evident that the trend of response s@firm and to great
extent and coincident with the above mentioned foneghe aerial plant
organs.

The present results regarding the reduction inshgated vegetative
growth (leaves, pseudostem, corms and roots) drliliy saline solutions
may be due to the absorption of particular ion®kic accumulation level,
that decrease the essential nutrients and consiyueduced a drastic
changes in the ion relationship of plants (Wadleggild Gaash, 1963).
Moreover, the application of saline solution magdéo the suggestion that

salinity induced earliness of plant senescense asesalt of the
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accumulation of some ions (Na and/or Cl) to reamtictlevels that may
adoptive mechanism of banana to retranslocate sxasunt of Na and/or
Cl out of younger leaves to the older ones to peint away from the
physiologically active tissues (Winter, 1982). Bks, the reduction in
growth caused by water stress composed mainly rifida or osmotic
components (Hayward and Bernsteen, 1958), who stg@ealso that
salinity like drought may reduce water potentiad goressure potential
(turgar pressure).

In addition, the depressive effect of increasinfj sancentration,
SAR and/or Cl:S@Qratio on plant height, fresh and dry weights ainté
may be due to the disturbance in metabolic pathvigjants as a result of
salts on enzymatic activities (Strogonov, 1964joothe adverse effect of
Na and Cl ions on metabolism or disturbed wateati@hs (Delanes al.,
1982).

The present results are in general agreement Wwehfihdings of
Gomeset al. (2001), Mohamed (2001), Abo EI-Ez (2003), Carenal.
(2003) and Gomest al. (2004), on some banana cvs. demonstrated the

effect of salinity on vegetative growth.

|- Chemical constituents:

In this respect leaf photosynthetic pigments (apbyll A, B and
carotein), proline and some mineral elements (N,”;a, Mg, Na, Fe, Mn
and Zn) were the investigated chemical constituamtgarding their
response to specific and interaction effects of &tudied factors:

I1.1. Leaf photosynthetic pigments and proline contents:
Data of both 2006 and 2007 seasons are preseniadle (6).
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A. Specific effect:

It is quite clear as shown from data in Table (Battall 3
photosynthetic pigments and proline responded Bpaity to four
investigated factors from one hand, however, tlodlpwed two conflicted
trends from the other, Herein, Grand Nain planévés were significantly
richer in there chlorophyll a, b and carotenoidsateats, but the reverse
was true for leaf proline content whereas its |lsawere the poorest as
compared to control.

In addition, 3 pigments (chlorophyll a, b and canmids
compounds) reduced significantly by increasing llewé either salt
concentration, SAR or Cl:SQ@atios of saline solutions. However, the trend
took the other way around with proline content.

B. Interaction effect

Table (6) reveals obviously that each investigdtedor reflected
directly its own effect on their different combimats. Herein, the least
values of there photosynthetic pigments associatddthe greatest proline
value were significantly in closed relationshiptb@ 3000 ppm of SAR 6
and either lower or higher Cl:QQatio irrigated plants, regardless of
banana cultivar. Such trend was generally truendguboth seasons with
few exceptions pointed out that two cultivars exagead their situation. In
other words irrigated Williams suckers with 3000rppaline solution of
SAR 6 and higher Cl.S{ratio were relatively the most sensitive to saline
stress as their leaf 3 photosynthetic pigments @otine contents were
concerned during both seasons except chlorophyd8l B content during
2" season, where those of Grand Nain were relatisinferior. On the
contrary, both Williams and Grand Nain plants saotgd to the 2000 ppm
saline solution of SAR 3 and lower Cl:$€tio showed not only the least

variance i.e. reduction in their leaf chlorophyl & B) and carotenoids
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compound associated with the least increase inngradontent but also
they were not significantly vary from statisticafipint of view. In addition
other combinations were in between.

These results are in general agreement with theereéndings of
Poljakoff and Gali (1975), Patet al. (1984), Kabeel (1985), Omar (1996)
and Ali (2005) regarding the reduction on chlordplepntent. Moreover,
findings of Nieveset al. (1991) and Gaser (1992) gave support to the
detected trend of proline response to salinity.

[1.2. Leaf mineral composition:

The response of leaf N, P, K, Mg, Ca, Na, Fe, Mth &n contents to
the specific and interaction effects of investigafieur factors (banana cv.;
salinity concentration; SAR and Cl.$@atio and their combinations were
concerned.

11.2:1. Macro nutrient elements:

Data obtained regarding the macro nutrient elemé@ts, K, Ca,
and Mg) besides Na buring both 2006 & 2007 seasmaspresented in
table (7) and (8).

A. Specific effect:

As for the specific effect of cultivar, table (7hch (8) display a
considerable variations varied from one nutriengénednt to another.
Anyhow, Grand Nain leaves were significantly riciretheir P, K, and Mg
content, while the reverse was true with both Ca Ha content. On the
other hand two banana cultivars were equally smimatheir leaves N
content from statistical point of view.

Nevertheless, the trend of response to specifieceffof salt
concentration was firmer and showed two confligtatterns. Herein, N, P,
K, and Mg were significantly in negative relationsko salt concentration.
However, both Ca and Na followed an opposite trend.
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Referring the specific effect of SAR and Cl.S@itio, it is quite
evident that both followed typically the same tremtich was to great
extend coincident with that previously detectedchvgialinity concentration.
Anyhow, the higher SAR or Cl.S@atio was the least leaf N, P, K, and Mg
content associated with the highest Ca and Neackaatnt.

B. Interaction effect:

Each investigated factor reflected its own specditect on the
differential investigated combinations. Hence, dheatest interaction effect
on leaf macro nutrient elements contents i.e. #astIN, P, K, and Mg%
associated with the highest Ca and Na content Wawsain significant
concentration to the four combinations represergabif plants with 3000
ppm of SAR and lower or higher Cl.$Qatio, regardless of banana
cultivar. However, such trend in most cases was tluring two seasons,
but those irrigated with 3000 ppm of SAR 6 and kigGl:SQ ratio tended
to be relatively more depressed, especially Wilsauckers.

On the contrary the least influence was detected tlhgse
combinations representative of 2000 ppm salinetisoiwf lower SAR and
Cl:SO, ratio which didn't significantly differ than cootr (tap water
irrigation) in most cases during two seasons, vdthelative tendency
showed that Grand Nain plants were more tolerant.

In addition, other combinations were in between df@esaid two
extremes.

I1.2.2. micro nutrient elements:

Leaf Fe, Mn, and Zn contents as influenced bylestigated four

factors and their combinations were the investaj&er factors and their

combinations were the micro nutrient elements stlidi
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A. Specific effect:

Table (9) display obviously that three microelersergpresented
specifically to the four investigated factors freme hand and followed the
same trend from the other. Herien, Grand Nain lgavere significantly
richer in their Fe, Mn and Zn content than the othdtivar (Williams).
Moreover, Fe, Mn and Zn content were significantgduced with
increasing level of any of the three investigatedtdrs i.e. salinity
concentration, SAR and Cl:Q@atios.

B. Interaction effect:

It was so clear that the irrigated Williams suckesgh 3000 ppm
saline solution of SAR 6 and either lower or higl&rSQ, ratio had
satistically the poorest leaves Fe, Mn and Zn austeéSuch trend was true
during both seasons, especially with that combamabf higher Cl.SQ
ratio, however differences were more pronouncedh witth Fe and Mn
than Zn content.

On the contrary, the highest leaf Fe, Mn and Zntexunwas
significantly coupled with tap water irrigated GdanNain plants
descendingly followed by the 2000 ppm, SAR 3 anaeloCl:SQ ratio
irrigated plants of the same cultivar which showibeé least rate of
reduction in their leaf Fe, Mn and Zn content.

In addition other combinations were in between wathrelative
tendency of variance differed from one micronutrielement to another.

These results are in general agreement with tltenfys of Patil and
Patil (1982) on pomegramate; Shaeafal. (1985) on (Guava and Olive)
and some grape species); Gaser (1986) on avocadhar QL996) on

apricot and mango seedlings and Hasan (2005) oe sbwue cultivars.
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