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ABSTRACT

Salinity experiments were designed at El-Bramcon Farm, Agric. Res.
Inst. during 2001 and 2002, summer seasons, To study different performances of
treated sweet pepper Baladi cv. under salinity stress (3000 and 6000 ppm NaCl)
and application of Ca-gluconate, ATP, K~itrate and Na-benzoate treatments for
improving its growth and fruit yield. The results could be summarized as follows:

Effect of salinity: Increasing levels of salinity resulted in significant decline in
vegetative growth, dry matter accomulation and partitioning, flowering, fruiting,
and fruit yield / plant in the two seasons of growth. Total dry weight/plant and
fruit yield/plant were reduced by (33.2 and 17.9%) and (39.7 and 31.6%)
{compared with control) during the two seasons of growth due to irrigation with
3000 and 6000 ppm NaCl, respectively. Also, membranes integrity, permeability
and selectivity were impaired (measured by EC,/EC;, K/Na values) resulied in
excessive uptake and translocation of Na* and C1 ions vs low content of N, P and
K within roots and leaves,

Effect of anti-salinity treatments: Spraying pepper plants with Ca-gluconate,
ATP, K-citrate and Na-benzoate respectively, were greatly improved N, P and K
content and reduced Na* and Cl” ions uptake, shift EC\/EC,, K/Naand Nat/Nar
values to be in normal case. They were respectively increased total dry weight
and fruit yield by (42.4, 34.0, 26.6 and 23.1%}) and (71.6, 50.7, 42.4 and 35.7%)
{means of the two seasons) respectively.

Effect of interaction: In similar trends salinity adversely affected all the studied
growth and yield parameters. On the other hand the anti-stress treatments well
improved those at 3000 ppm NaCl and ameliorated the adverse effects at higher
6000 ppm NaCl salinity. In this respect, Ca-gluconate and ATP were the most
effective one, they increased fruit yield by 20.3 and 4.8% at 3000 ppm NaCl and
alleviated the reductions of 6000 ppm NaCl to be only 6.3 and 6.5%, respectively.
Correlation values were greatly confirmed the interrelationship of the ionic and
physiological case with fruit yicld. That, suggested the possibility of using
EC/EC; and K/Na values as a reliable physiological indicators/sensors and/or as
adaptive behaviour under salinity.
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It could be concluded that spraying salt stressed sweet pepper plants with
Ca-gluconate (16% Ca) at 2 ml/L and/or commercial ATP at (50 ppm) was a
suitable technique to increase its fruit yicld at moderate (3000 ppm NaCl) and to
alleviate yield reduction at higher (6000 ppm NaCl) salinity

INTRODUCTION

Sweet pepper and most of the economic vegetables are categorized as
salt sensitive 10 moderately sensitive glycophytes with developing less or no
halophyte like behavior in some cases (Mass and Hoffiman, 1977 and Greenway
and Munns, 1980). Under low salinity, glycophytes suffer from osmotic effects
and turgor declines rather than toxic one, they try to cope with such effects, but
greater metabolic demand is placed upon the plant to generate organic compatible
solutes, i.e. sugars, organic and amino acids for osmotic adjustment (process
characteristics typically for glycophytes). At higher salinity, ion imbalances and
salt ion toxic effects rather than the osmotic one was the case. Plants can not
adequately adapted to control salt uptake into their sensitive tissues with less or
no capability to exclude these ions away from the sensitive cytoplasm into cell
vacuoles (halophytic like behavior) (Greenway and Munns, 1980 Pasternak.
1987 and Hasegawa and Bressan, 2000).

Salinity induces reductions in growth and fruit yield due to the toxic
effect of salt ions (Niu er al, 1995), hyperosmotic effects (Yancey er a/.. 1982),
nutritional imbalances (Liu and Zhu, 1998 and Navarro er a/.. 2002), membrane
destabilization (Hasegawa and Bressan, 2000), membranc breakdown and low
K/Na and Ca/Na selectivity followed by sharp intake of Na ions (Drew and
Lauchli, 1985 and Kaya and Higgs. 2003), excessive accumufation and toxic
effects of Na and CI (Greenway and Munns, 1980), depression in CO,
assimilation (Nieman er af., 1988), inhibition of photosynthesis (Munns and
Termaat, 1985), diversion and expandature of carbohydrates and energy (ATP)
pools (maintenance and protective processes (Pasternak, 1987 and Nieman er o/ ..
1988), reduction in useful ions uptake (N, P, K, Ca and Mg) vs. excessive uptake
of Na and CI (Kaya and Higgs, 2003 and Kaya ef af., 2003) raise in ethylenc
synthesis and senescence effects (El-Abd et af., 1988), generation of toxic
reactive oxygen species (ROS) (Maggio ef al.. 2002).

Based on the well understanding of the above mentioned information.
Somge tredtments were suggesied as a promising agromanagement technique for
ameljoration of the adverse effects, consequences and the drastic internal events
dug to salinity. This technique depend on the frequent spraying of salt stressed
pepper plants with Ca-gluconale and K-citrate (for their ion regulatory
osinpregulatory, ctyoprotective (detoxification). anti-oxidantal and other rofes.
adenosine tri-phosphate, commercial ATP as energy agent, Na-benzoate as anti-
ethylene, during stressful conditions.

Herein, it could be cited the relevant information about such treatments.
as calciom and its anti-salinity effects (signaling, regulatory and structural
functions) (Epstein, 1988; Ferguson, 19838 and Knight. 2000)
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Potassiwmn is known as a perquisite for turgor drives solutes transport and
water balance, metabolic demand for enzymes activities, photosynthesis capacity
and protein synthesis (Chow ef al, 1990 and Marschner, 1995). Fathy ef al.,
{2003) about using K-citrate, citric acid and ATP as energy, anti-oxidantal agents
during the stressful condition, Njoroge et al. (1998), Reymond er al. (1992);
Fathy and Farid (2000) and Fathy ef /. (2000) all about the anti-stress effects of
ATP. About the use of Na-benzoate as anti-cthylene agent during stress
conditions (Wang et al., 1982; Lascaris and Deacon, 1991 and Fathy ef af., 2000).

The present work is an attempt to conduct an extensive analysis of the
effect of salinity on different performances of sweet pepper "Baladi® cv as a
reliable local model germplasm towards identifying the mechanisins by which
underlying stress effects, searching about new ameliorative treatments and/or
inducing some degrees of salt less sensitivity and the feasibility of using poor
quality water in irrigation at economical level.

MATERIALS AND METHODS

Two experiments were designed at El-Bramoon Experumental Station,
El-Dakahlia Governorate, Hort. Res. Inst., Cairo, during 2001 and 2002 summer
scasons. In order to study different responses of sweet pepper Baladi cv under the
effect of different salinity (NaCl) levels and the protective anti-stress treatiments
and their interaction.

Experimental procedure and cultural conditions:

Pepper scedlings (40 day old) were transplanted into plastic polyethylene
bags 25 cm in diameter, filled with clay and sand in 1:1 ratio as growth substrate.
Plants were initially irrigated only with tap water during the first month to ensure best
establishment. Bags were arranged in factorial experiment (3 x 5), randomized
complete block design. Each treatment contained 30 bag, ten in each replicate (3
replicates).

On mid of April, one month afler transplanting, plants were frequently
irmigated with satinized water, three weekly successive applications up to 12 ones.
Each 3 successive salt treatments were foliowed by one proteciive treatment up to
4 applications. Irrigation with NaCl salinized water was amounted to 0.5 L/bag,
increased with time to 1 L/bag. In some cases tape water used for irrigation as
required. Each plant monthly received 2 g NPK (20-20-20) fertilizer.

Salinity treatments:

Adding commercial NaCl in tap water, salt treatments were initiated at
increments of around 1000 and 2000 ppm NaCl during the first 3 applications to
reach the final concentrations of 3000 and 6000 ppm, respectively. Treatments
were control (0 ppm NaCl, tap water only), 3600 and 6000 ppm NaCl.

Anti-salinity protective treatments:

These treatments were commercial adenosine tri-phosphate ATP (50
ppm). Ca in organic form (Ca-gluconate 16% Ca) (2 m¥/L), K in organic form K-
citrate 30% K (5 g/L), Na-benzaoate (0.25 g/L). All weatments were sprayed 4
times followed each three salt applications.
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Experimental paramecters:
Growth and dry matter:

Ten days after the termination of all treatments, nine plants from each
treatment (three from each replicale) were carefully taken with their roots, cut into
shoots and roots. Plant height (cm), number of leaves and shoots were recorded.
Shoots and roots were oven dried (70°C/72 hr), shoots. roots. total dry weight
(TDW)/plant (g) and shoot/root (DW) ratio were determined. Relative dry weight (%)
of different treatments relative to that of control (Without any treatiment).

Ionic and mineral nutrient status:

The dried matenials of leaves and roots were used for analysis of N, P
and K as well as salt ions Na' and CI". Na and K were analyzed using flame
photometer, Cl was determined by titration method (Page er a/., 1982), NK and P
were analyzed and determined according to modified methods of Hormeck and
‘Miller (1998), Homneck and Hanson (1998) and Cotton (1954). respectively.

Physiological indicator parameters:

Na 1/ Na r was calculated from Na content of leaves divided by Na
content of roots, as indicalor for allocation of Na between roots and shoots. Low
ratios reflected a best salt adaptive case due to the capacity of reducing the
translocation of Na into sensitive shoots (Blom-Zandestra, 2000).

K./Na ratio, was calculated from K of leaves divided by their Na content,
as indicator for membrane sclectivity of K ions vs Na ions, higher ratios indicated
less salt sensitive adaptive case (Ltifi er a/., 1992 and De-Pascale et al.. 2003),
Electrolyte leakage index (EC,/EC,), deteriined based on valucs of electrical
conductivity of leaf tissue sap before (EC,) and after salt stress (EC»). Low valucs
associated with better membrane permeability and integrity and twlerant (Kaya
and Higgs, 2003). It was determined according to methods of Fathy (2000).

Flowering and fruit yield:

Number of flowers and fruits and fruit vield (g) were determined all over
the season from 15 plants of each treatment (5 plant each replicale), then were
calculated per plant. Also, fruit length, diameter (cm) and fruit shape index
(length / diameter) were determined. Relative yicid %, calculated from vield of
each treatiment relative to that of control.

Correlation studies:

Fruit yield per plant was statistically correlated vs. some physioiogical.
elemental and ionic characters to be confirmed the interrelation between yield and
the plant adaptive behaviors during this work conditions,

All data were statistically analysis based on ANOVA. Different between
means were statistically measured using Duncan Multiple Range test.
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RESULTS AND DISCUSSION

Vegetative growth characters:
Effect of salinity:

The data in Table (1) showed that increasing NaCl levels cause a
significant declines in all growth parameters, i.e. plant height, number of leaves
and shoots also dry matter accumulation and partitioning into shoots and roots
and the whole plant dry weight. These parameters were severely reduced with
salinity in the two seasons of study. Shootroot ratio tended to be slightly
decreased specially at moderate 3000 ppm NaCl (only significant at second
season), as an adaptive modification 0 increase water and ions uptake for
osmoregulation.

From the same data, total dry weight was reduced by 33.2 and 39.5%
(mean of two scasons) at moderate and higher salinities, respectively.

Such growth sensitivity and reductions with salinity might be due to the
incomplete osmolic regulation and turgor declines derived inhibition in expansion
growth at moderate salinity (Yancey ef al, 1982} and due to the nutritional
imbalances (Liu and Zhu, 1998 and Navarro et al.. 2002), toxic effect of salt ions
(Niu ef al., 1995) at higher salinity.

Table (1): Effect of salinity treatments on growth paramcters of sweet
pepper during the two scasons of study,

nacy | Paot | %1 Nl pwor | DWof | Total | Relative | Shoot/
(ppm) height | | aves/ | shoots /]  Sh00S | roofs DW | TDW | root
(cm) plant | plant (g/plant) | (g/plant) | (gplant) | (%) | ratio

2001

0 699a | 1470a} 169a | 1116a 16.0a 128.2a 100 6.76a
3000 | 53.7b | 941b | 110b 1 737 iLlb 84.80 66.14 | 6.60a
6000 | 510c | 80.9c 38 66.0c 9.9 75.9¢c 59.2 6.63a
2002

0 700a ; 1510a] 168 | 1142a 16.7a 130.9a 100 6.86a
000 | 546b | 9%62b | 12.1b | Te6b 1.7 | 883b | 6745 | 6.53b
6000 | 562c | 828 | 96¢c | 704c 10dc | 808 | 6172 | 6.7%
Means followed by the same letter(s) within each column do not significantly
differ using Duncan's Multiple Range Test in Table (1).

Additionally, it may be due to membrane destabilization (Hasegawa ef
al., 2000), membrane breakdown and low K/Na and Ca/Na selectivity followed
by sharp intake of Na ions (Drew and Lauchli, 1985 and Kaya and Higgs. 2003),
depression in photosynthesis and CQ, assimilation (Munns and Termaat, 1985
and Nieman ef al., 1988), diversion and expenditure of carbohydrates and energy
pools (Pasternak, 1987 and Nieman et al., 1988), inducible raise in ethylene and
‘toxic ROS (El-Abd er al., 1988 and Maggio et al., 2002).
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Similar results about growth reduction by salinity were (Chartzoulakis
and Kalpaki, 2002; De-Pascale ef al., 2003 and Kaya and Higgs 2003).

Based on the results of Mass and Hoffman (1977), Greenway and Munns
(1980), Mediros et al., (2002), Navarro et al., (2002), De-Pascale et al., (2003)
and the present results, it could be considered sweet pepper Baladi cv as relatively
less salt sensitive at moderate (3000 ppm) NaCl and moderately sensitive at
higher (6000 ppm) salinjty.

Effect of anti-salinity treatments:

Data of Table (2) indicated that regardless of salinity spraying sweet
pepper plants with Ca-gluconate, followed by ATP, K-citrate and Na-benzoate
significantly improved plant height, number of leaves and shoots, dry weight of
shoots. roots and the total compared with control in two seasons of study. Also,
such treatments were significantly differed among them in most cases.

Shoot/root ratio was not significantly affected in first secason. in second
season it was significantly decreased by most treatments compared with control.
From the same results, Ca-gluconate, ATP, K-citrate and Na-benzoate increased
total dry weight of their plants by 142.0, 134.0, 126.9 and 123.1% (means of iwo
seasons relative to control), respectively.

This positive effect could be attributed to effect upon membrane
integrity and selectivity measured by higher K/Na ratio and lower EC,/EC; and
Nal/ Na r values (Table 8), higher content of the useful nutricnts (N, P and K) vs
low uptake and translocation of harmful ones (Na and Cl) (Table, 5). That,
logically led to improve growth and dry matter accumulation as well.

In addition, it was obvious that Ca-gluconate was of the most supcrior
favourable cffect on growth, This might be due to the different counteracting and
protective roles of Ca ions and from the other hand due to the role of giuconate
organic moiety in osmorcguiation and protection of membrane and enzymes
against adverse effects of stress (Pasternak, 1987 and Hasegawa and Bressan.
2000). The exogenously applied Ca might be participate in Ca permcable
channels (flow of Ca from the higher external supply into internal compartment in
which Ca is at low concentration, this involved Ca-signaling system and its role
as a secondary messenger in stress signal transduction system, thercby
transcription of enzymes and proteins associated with the stress adaptation
(Knight, 2000). Ca ions known to be greatly controlling the severity of specific
ion (Na and Cl) toxicities (Mass, 1993), improved K, Ca, Mg sclectivity vs. Na
ions (Navarro et al., 2000), preserved the structural and functional integrity of
plant membrane, stabilized cell wall structure, regulate ions transport as well as
cell wall enzyme activities (Rengel, 1992 and Marschncr, 1995) Moreover, it was
known that Ca beneficially affected growth and development via its role as a
secondary messenger, its role conslitute the link between the external signal
(salinity) and interccllular responses (Ferguson, 1988).



Optimizing Growth, Ionic & Physiological Case &....... 365

Table (2): Effect of anti-salinity treatments on growth parameters of sweet
_pepper during the two seasons of growth.

Amelior. Plant I:[: T;’ DWof | DWof | Total |Relative| Shoot
- *{ height leaves | shoots shoots | roots DW | TDW |/root
0 -

€ |/ ot | /plant | @P1a00 | @plant) | gplant) | (%) | ratio

2001
ATP | 644a ] 1151b] 132b§ 90.% 13.5b 104.4b | 13647 | 6.76a
Cagluc. | 648a | 119.1a] 153a | %48 14.3a 10%.1a | 14261 | 6.6
K-citrate| 57.0b | 1094c) 122c | 83.5c 12.7¢ 962c | 126.08 | 6.60a
Nabenz | 576b [ 1073d| 108d | 829 12.4c 953c | 12457 | 6.69a
Control | 47.1c | 857e | 9.5c | 66.6d 9.9d 76.5d 100.0 | 6.62a
2002
ATP | 642b | 1171b] 135b } 919 13.8b | 1057b | 13163 | 66T
Cagluc, | 656¢ | 12053 166a | 98.7a 14.9a 1136a | 14146 { 6.61b
Kcitrate| 58.1c | 1124¢| 133b | 893¢c 13.3¢ 1026¢c | 127.77 | 6.80b
Nabenz. ;| 570c j 1098d( 112¢c [ 850d 12-1d 977d | 12166 | 6.6Tb
Control | 464d | 902e [ 96d | T04e 9.9 80.3¢ 1000 | 6.89a
Means followed by the same letter(s) within each column do not significantly
differ using Duncan's Multiple Range Test.

On the other hand, the application of ATP known to be improve growth
of plants via its direct enhanceable role in energy-dependent metabolic processes,
H-ATP-ase membrane (ions) transporter system, DNA regulatory and structural
functions and its growth and yield promotional effects during stressful conditions
(Reymond et af.. 1992; Njoroge ef al.. 1998; Fathy and Fand. 2000; Fathy e a/ ,
2000 and Fathy et al., 2003),

K-citrate improved growth due to the known indispensable functions of
K ions and due to the osmoregulatory and anti-salt ions toxic effect. anti-
oxidantal effects of organic citrate moiety (Lascaris and Deacon. 1991; Hasegawa
and Bressan, 2000 and Fathy et al., 2003).

K known as a pre-requisite for turgor drives solutes transport and water
balance, its metabolic demand for enzymes activities, photosynthetic capacity and
protein synthesis (Chow ef al., 1990 and Marschner, 1995), Meanwhile, Na-
benzoate relatively induced growth improvement may be due to its anti-ethylene
and anti-oxidantal effects, thercby alleviated the adverse senescence effects of the
stress (Wang ef al., 1982; El-Abd ef of., 1988; Lascaris and Deacon, 1991; Fathy
et al., 2000 and Maggio et al., 2002).

Effect of interaction:

The results presented in Table (3) showed that Ca-gluconate followed by
ATP, K-~citrate and 10 less extant Na-benzoate improved all growth parameters
and dry matter accumulation and partitioning pattern of non salt stressed plants.
In similar trend, they improved those at moderate salinity and to some extent at
higher salinity relative to the controf of non-stressed plants and highly relative to
the controls of 3000 and 6000 ppm NaCl salinities.
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Table (3): Effect of interaction on growth parameters of sweet pepper during
the two seasons of growth,
NaCl | Amel | Plant }u_’:a +No. DWolf | DWof | Total [Relative| Shoot/

ppm | Ton | height pof leav shoots | roots | DW | TDW | root
(cm) | /plant | /plant lant)(g/plant)|(g/plant)| (%6} | ratio
2001
ATP | 7800 | 1500b| 18.0b | 1161b | 17.6a | 133.7b | 113.59 | 6.57bc
Caglu| 806a | 1563a) 206a | 123.0a; 182a | 1412a | 11996 | 6.74bc
0 k-cilmta 706¢ | 1443c| 160c [ 1090c | 169 | 1259¢ | 106.96 | 6.41cd
Naben| 71.0c | 145.0c} 15.0cd | 1067d [ 156¢ | 1223d | 103.90 | 694ab
Control | 49.3gh | 1393d| 15.0cd | 1032 [ 145 | H7.7e | 100 | 7.15a
ATP | 596d { 1050e] 11.6c | 832g | 1L5F | 947g | 8045 | 723a
Caglut 57.6dc ] 1073¢] 14.3d | 86.2f | 132e | 99.4f | 8445 |651bcd
3000 Kcitrud 51.3fg ) 976F | 11.6e | 725 | 11Af | 836t | 71.02 (6.35bed
Naben| 5236 | 946g | 100fg | 75.1h | F1.5f § 86.6h | 7357 | 6.49d
Control| 47.6h { 660k | 73hi | 518k | 84h } 60.2k ) 51.14 | 6.12d
[ | ATP | 556¢ | 903h | 10.0fg | 73.5hi | 11.3f | 84.8hi | 7204 |6.49d
| Ca-glu| 563¢ { 93.6g | 11.0ef | 75.5h | 114f | 86.9h | 73.83 | 6.58kc
6000 K-citrarg 49.0gh | 863i | 90g | 689 | 100g | 789 | 6703 |6.85abc
Naben 496gh| 823j { 76h | 67.1j | 10lg ; 772 | 6559 | 6.64bc
Control | 443i | 5201 63i | 4501 | 68 5181 | 401 {65%
2002
ATP | 79.6b [ 1557al 173b | 1129 | 18.0b | 13090 | 109.72 } 6.2(g
Caglu| 823a |156.7a( 213a [ 1327a | 187a | 1514a | 12690 ; 7.1bc
0 [K<itratg 69.3c | 1500b| 166b | 1136b | 17.70 | 1313b | 11005 | 6.4efg
Na-ben| 700c | 1497b| 146¢ | 1062¢c | 158c | 1220c | 10226 | 6.7de
Control] 48.6hi | 143.0c| 143¢c | 1059¢ | 134d | 1193c] 100 | 78a
ATP | 613d | 104.3¢c| 126d | 847d | 120ef | 96.7d | 81.05 | 7.0bcd
Ca-ghi{ 586¢ ! 1100d; 163b ) 843d | 13.7d | 98.0d | 8214 | 6.1g
3000 [K<citratig 54.6f { 1000f] 130d | 78.2¢ | 11.9f ) 90.1c | 7352 | 6.6ef
Naben| 520g | 960z | 100e [ 773¢c | 117ef | 890c | 74.00 | 6.5¢f
Control| 46.6i | 71.0k | 8.0f [ 586g | 93h | 679g § 3691 | 630
ATP | 516g | 913h | 106e | 782e | 116f | 898c { 7527 | 6.7de
Caglu| 560f | 950g | 123d | 792¢ | 123e | 915 | 76.69 | 6.6ef
6000 K-citratel 50.3gh| 873c | 103e | 76.2e | 103g | 865¢ | 7250 { 74b
Naben! 49.0h | 84.07 | 83f | 71.6f | 105z | 82.1f | 6881 | 67cde
Control| 440j { 5661 | 66g | 467h | 7.2i | 53.9h | 45.18 | 6.5¢i;
Means followed by the same letter(s) within each column do not significantly
differ using Duncan’s Multiple Range Test.

The present ameliorative and protective anti-stress effects of the applied
treatments on growth behavior of the salt stressed plants (3000 and 6000 ppin
NaCl) was logically true, since the same treatments improved K/Na selectively.
decreased the membrane breakdown and clectrolytes leakage (decreased ECV/EC;
values), decreased Na, CI uplake and transtocation into sensitive shoots, increased
N, P and K content of both shoots and roots (Tables 6 & 9).
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Ionic and mineral content:
Effect of salinity:

Along with increasing the severity of NaCl stress, useful nutrients, i.e.
N, P and K content of leaves and roots was greatly diminished. In contrary,
harmful salt ions, i.e. Na and Cl content of the same plant organs was excessively
increased during the two seasons (Table 4),

The same data proved that such plants tended to accumulate more of
useful nuirients in their leaves relative to roots and they slightly tended to
maintain more Na” and CI' in their sensitive shoots. This suggest to be somewhat
as an adaptive behavior to decrease the harmful effects of salinity (West, 1978).

Such ions and nutrients accumulation pattern of sweet pepper as affected
by salinity was confirmed by the resuits of Greenway and Munns (1980), Richter
et al , (1999), De-Pascale ef al.. (2003), Kaya and Higgs (2003), and Kaya et al.,
(2003). In addition, the excessive intake of Na and C! vs the reduced uptake of N,
P and K with salinity could be here due to the harmful effect of NaCl on
membrane integrity and selectivity as well as the inducible more clectrolyte
leakage case in Table (7).

Effect of anti-salinity treatments;

Data in Table (5) revealed that regardless with salinity, all the applied
treatments significantly improved the content of leaves and roots from the useful
N, P and K minecral nutrients. At the same tiine, significantly decreased the
allocation of the salt ions either in roots or shoots compared with the conirol in
the two seasons. Herein, this also was expected, since these treatments in similar
fashion were increased membrane selectivity of K at the expense of Na, inproved
their permeability and integrity case measured by the lower EC\/EC; and higher
K/Na values, decreased Na translocation into plant tip measured by low Na 1/ Na
r values (Table 8).

The highest content of N and P and the lowest content of Na and C! was
of Ca-gluconate plants. The other treatments were also of favorable effect on the
ionic and nutritional case of their plants.

Ca-gluconate via its Ca ions preserved membranes, regulate ions
transport and selectivity, activated H-ATP-ase transporter enzyme syslem
(Ferguson, 1988), also citrate as organic ions known to protect the transport
membranes against salt (Hasegawa and Bressan, 2000). ATP also known to be
directly involved in the active ion transporter sysiems (H-ATP-ase) those which
allocated at membrane surfaces, thereby regulated uptake and translocation of
different jons.

K-citrate, kmown 10 be of enhancable effect on mineral uptake and
translocation via its citrate moiety involvement in energy metabolism (Fathy et
al., 2003), also due 1o the direct activator effects of K on the transporter enzymes
and its ions regulatory functions (Marschner. 1995).



Tablc (4): Effect of salinity on ions and mineral nutrients content of leaves and roots of sweet pepper during the two seasons of

growth.
NaCl N (%) P (%) K (%) Na (%o} Cl (%0}
{ppm) Leaves | Roots Leaves | Roots Leaves | Roots Leaves | Roots Leaves | Roots
2001
0 27a 2.2a 0.250a 0238a $Za 25a 1.05¢ 120¢ 325¢ 420 ¢
3000 24b 20b 0.213 b 0.203b 31b 220D 218b 237h 11.4b 11.8b
6000 2lc 1.8¢ 0.201b 0191 ¢ 23¢ 1.8¢ 2.490 a 249a 14.54 a 14.0a
2002
0 1 26a 22a ] 025la | 0239 1T 434 258 a 1.04 ¢ L19¢ 2.89¢ 4lc
3000 24b 2.0b 0.220b 0.203 b 3.bh 222b 2.12b 222b 10.55b 11.0b
6000 lle 1.8¢ 0204 ¢ 0.189¢ 24c |.85¢ 232a 2.36a 13.55a 134 a

Table (5): Effect of anti-salinity treatments on jons and mineral nutrients content of leaves and roets of sweet pepper during the two seasons of

Means foliowed by the same letter(s) within ench column do not signiftcantly differ using Duncan's

Z

ultiple Range Test.

growth.
Ameliorative N (%) P {%o) K (%) Na (%) Ci (%)
lons Leaves | Roots Leaves | Roots leaves | Roots Leaves | Rools Leaves Roots
2001
ATP 23b 21 b 0.255a 0244 a 33¢ 23b [.84 b 1.94b 830d 7.00d
Ca-gluconate 1.7a 224 0.250 2 02394 ird 22¢ 1.73b 1.81d 597 5% e
K-citrate Td¢ 2th 0215b (1.204 h 36 25a 1.82b 1.95b 1013 ¢ 10.80b
Nit-benate 23d 20¢ 0.220 h 0212h i4b 22d [85b 1.89¢ 1067 b 10.60¢
Control 20 1.6 d 0163¢ | DIsic 24¢ 16 ¢ 214a 2.15a 13.71a | 1550a
2002
AP 2ab 2.0hb 0.262 a 0739 4 34b 23b .77 ¢ 1.91b 743d 6.70 ¢
Ca-gluconme 27 22a 0.250 a N 2isa 3¢ 22¢ 1.65d 1.80 ¢ 5.56¢ 5.60d
K-citrate 24¢ 21h 0.221h 0.203 b 374 l5a 1.79 be 191 b %.15¢ 10.30 b
Na-benate X3d 20h 4.222h 0210 h i4hb llc [.83 b 1.88b 985b 1050 b
Control 20¢ 1.7¢ 0171 ¢ 0163 ¢ 235d i.7d 210a 210a 12.98 a 14.50 a

Means followed by the same letterts) within cach column do not significanity differ using Duncan's Multiple Range Test.
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Table (6): Effect of interaction on ions and mineral nutrients content of leaves and roots of sweet pepper during the two seasons of

growth.
NaCl | Amel. N (%) P (%) K (%) Na (%) Cl (%)
ppin | lon eaves | Roots Leaves | Roots Leaves ] Roots Leaves | Roots Leaves | Roots
2001
ATP 2.69 be 221 ¢ed 0283 a (1.270 a 43b 26b [L10g 1.30 h 3.00 jk 390j
Ca-glu. 3.02a 238a 0.248 be 4.261 a 41c 24d 0.97 h 1.00 § 260k 310k
0 K-eitr. 2.66 bed 2290 0244 he 1.228 be 4.6a 28a 1.05 gh 1.20 h 3.50 i) 4661
Na-ben. 2.55ef 20 el 0.241 be 0217 cd 42¢ 25¢ L10g 1.30 h 3601 4.56i
Control 2.61 cde 213 def 0.233 ¢ 0.210c¢de 384 244d 1.10 2 1.30 h 3.50 4 4.73 i
ATP 248 ¢ 220cd 0.245 be 0.236 b 304 23d 216ef 2.20 de 10.0 1 860g
Ca-plu. 2726 226 he (.246 be 0.239 b 30y 24d 2081 210 6.40 h 580h
B00 [ K-crr. 252ef 216 de 0.211d 0.194 ¢f KXY 235 be 2061 2.20 de 11.80¢ 13.10 e
Na-ben. 240¢ 20571 0.213d 0.213 cd 3.8d 22e 221 de 20101 11.70 ¢ 1143 f
Control 1.94 14 2.60h 0.148 0132 g 201 1.5h 241 b 2.40hb 17.20 b 20.00 b
ATP 240p 195g 0236¢ 0.223bed | 2.6 19 f 230cd 220 de 11.80 e 8§48 ¢
Ca-glu. 2.54 def’ 210 ef 0.237h 0.216 cd 24j 19T 2.20ef 2.30d 880¢g 8.80¢
6000 | K-citr. 2.06h 1.95¢ 0.19] ¢ 0187 f 28h 23e¢ 235 he 236¢ 15.00d 14.83d
Na-ben, 1.97 hi 150 g 0.205 de 0.206 de 2.2k 18¢g 230 cd 2200¢ 16.60 ¢ 16.00 ¢
Control 1.46 j 1.20 0133 g 0123 ¢ I.5m 1 290 a 2.70a 20.40 a 21.90a
2002
ATP 2.72b 2260 0.297 a 0271 a 4.40b 266b 1G5 ¢ 1.24 f 2601 385]
Ca-glu. 1060a 240a 0.238 be 0251 b 420 ¢ 2.50d 0940 ¢ 1.00 ¢ 220 305k
0 K~citr. 2356¢ 225 bhe 0.243 b .240 be 4.60 a 280a 1.03 f 1211 3.10 hi 4.51 hyy
Na-ben. 2.60¢ 206l 0.238 be 0215 de 420¢ 2.53cd 1.09 f 1.25 1 3.10 hi 4.36 ij
Control 2,48 def 2.18 bed 0.240 be 0.216 de 3.90d 24l e 1.10f 1.23 f 3.40 h 4.75 hi
ATP 2.47 ef 196 ¢ 0.248 b 0.226 ¢d 30g 235¢ 2.00 de 2.21d 920¢ 813g
Ca-glu. 275b 222 be 0.256b 0.242 be 300¢g 23571 [.97¢ 208¢ 620 g 521h
| 3000 | K~citr, 2.53 cde 217 ¢d 0.223 cd 0./188 fp 3601 238¢c 2.11d 2224 10.50d 11.83 ¢
Na-ben. 2427 212 de 0221 cd 0.214 de 370 226 211d 2.12¢ 10,50 d 1110 f
' Control 2.00h 1.66 i 0.149 1 0.141 h 2001 1.54 ] 238b 245b 16.20 b 18.73 b
| ATP 2.35¢cd 196 ¢ 0.240 be 0219d 26010 201h 223¢ 227cd 10.50 d 82l¢g
; Ca-glu. 248 ef 211 del 02341 0.213 de 240 194 205 de 231l¢c 8301 847 ¢
6000 | K-citr. 213 ¢ 1.86 h 0.195¢ 0.180 ¢ 280 h 228 24¢ 231¢c 13.70 ¢ 14.50d
Na-ben. 200h 203 fg 0.206 dc (1L200 ef 230k 1.92 2.30he 228 cd 1590 b 16.03 ¢
Control 1.60 1 1234 0122 0.129h 1.60 m 113k 2.79a 262a 19.20 a 19.97 a

Means followed by the same letier!s) within cach column do not significantly differ using Duncan's Multiple Range Test.
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Na-benzoate might be protected membrane and improved their
transporter systems via its role as anti-oxidant agent (Lascaris and Deacon, 1991).

Effect of interaction:

Data in Table (6) clearly show that at moderate salinity, most of the
applied protective treatmenis improved leaves and roots content from the useful
nutrients (N, P and K) relative to the normal non-stressed plants and extremely
relative to the salt-stressed controls. Mcanwhile, they mitigated the excessive
accumulation of Na and CL

At higher NaCl level (6000 ppm), these treatments maintained similar
ameliorative enhanceable effects, but to less extent relative to the normal planis and
pronouncedly compared with the stressed controls.

The same data revealed that in many cases the most effeclive treatment
of many counteracting anti-stress effects was Ca-gluconate followed by ATP, K-
citrate and Na-benzoate in the (wo seasons, This cowld be explained based on
their preservation and protective effects on the membranes and their binding
enzymes and proteins, the key site of ion trapsportation and regulation measured
by the suitable values of EC,/EC, and K/Na of these treatments rclative to those
of control (Table 9).

As mentioned above Ca-gluconate and K-citrate may evoked their anti-
stress regulatory effects due to the direct antagonistic and detoxic effects of Ca
and K ions against Na and its distribution within plant Added to their
indispensable mgetabolic involvements. Meanwhile, their organic moiety
gluconate and citrate might induced additional protective and osmoregulatory
effects (Marschaer, 1995, Navarro ef o/, 1999 Hasegawa and Berssan, 2000, and
Knight, 2000).

The regulatory aud protective effects of the applied ATP and Na-
benzoate were previously mentioned.

Physiological indicator parameters:
Effect of salinity:

It was obvious from Table (7) that increasing the intensity of salt stress
resulied in significant decrease in K/Na value, increased EC,/EC; and Nal/Nar
values in two seasons,

Table (7): Effect of salinity on some physiological indicator parameters of
sweet pepper during the two scasons of growth.

NaCl | 2001 2002
(ppm) | K/Na | EC{/EG; | Nal/Nar{ K/Na JEC;/EC,] Nal/Nar
0 3.79% 0.65¢ 084c | 4.16a | 064c | 087b
3000 | 1.43b | 093b 097b | 148b | 090b [ 095a
6000 | 0.98c | 102a 10la | 104c | 1.02a | 098a

Means followed by the same letier(s) within each column do not significantly
differ using Duncan's Multiple Range Test.
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This suggested that moderate salinities at 3000 ppm NaCl and greatly at
6000 ppm NaCl were impaired the membranes integrity and permeability. Thereby,
induced more electrolytes leakage measured by EC\/EC; higher values vs. lower
values of control. Such harmful effects of salinity also impaired membranes
selectivity lead to sharp inclusion and accumulation of Na ions vs K ions measured by
low K/Na values. On the other hand, the allocation of Na between leaves and roots
was adversely affecied by salinity (higher Na /Na r values), specially at the first
season. Stressed Plants translocated more Na into their shoots.

These physiological paramelers are considered important indicators for
salinity effects and the degree of adaptation under this conditions (Ltifi ef al,
1992; De-Pascale ef al., 2003 [K/Na indicator], Kaya and Higgs, 2003 [EC,/EC;
indicator] and Ltifi ef a/., 1992 [Na 1/ Na r indicator}).

Effect of anti-salinity treatments:

The results of Table (8) indicated that all the sprayed materials
significantly decreased EC\/EC; values (improved membranes case). they
increased K/Na values, improved uptake and translocation of K at the expense of
Na. Also, to some extent decreased Na 1/ Na r values, mitigated the translocation
of Na from outer medium and roots into shoots. The most protective one was Ca-
gluconate followed by ATP, Kcitrate and at last Na-benzoate,

Table (8): Effcct of anti-salinity treatments on some physiological indicator
parameters of sweet pepper during the two seasons growth,

Ameliorative 2001 2002
Tons K/Na |EC,/EC,{Nal/Nar{ K/Na |EC,/EC,| Nal/Nar
ATP 181ab 0.77d 0.93ab 232b | 0.79b 091b
Ca-gluconate 227a 06le 0932 239ab | 0.58c¢ 0.92b
K-~itrate 243a 083¢ 0.91b 2493 | 085b 092b
Na-benzate 221ab 088b 09a 221c | 085b 096 ab
Control 162a 1.25a 095a 166d 121a 097a

Means followed by the same letter(s) within each column do not significantly
differ using Duncan's Mulliple Range Test.

These results were similar in two seasons. Hercin, the effeclive
protective influence of Ca-gluconate might be due to the direct antagonistic effect
of Ca vs Na within plant tissues. its preservator effect on membranes structure,
function and its activator role on membrane binding enzymes (Ferguson, 1988
and Navarro ef /., 2002). Maimaining of an adequate supply of Ca under salinity
is an important factor in controlling the severity of specific ion (Na & Cl)
toxicities (Mass, 1993).

Effcct of interaction:

The data of Table (9) revealed that interaction significantly affected the
mentoned physiological parameters in two seasons and the applied Ca-gluconate.
ATP, K<irtrale and Na-benzoate improved such paramelers of non-stressed plants.
they also similarly mitigated the adverse effects of 3000 ppm salinity and to somne
extent at 6000 ppi NaCl. Ca-gluconate was the most superior one in all cases.
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Flowering and Fruit yield:
Effect of salinity:

It was clear from the results of Table (10) that number of flowers and
fruits, fruit yield and quality (fruit length and diameter) were significantly
declined with salinity in the two seasons of study. Fruit shape index was not
significantly affected. Fruit yield of the stressed-plants was reduced with salinity
in parailel to the reduction in number of flowers and fruits.

. Table (9): Effect of interaction on some physiological indicator parameters of
sweet pepper during the two seasons of growth.

NaCt| Amel 2001 2002
ppm | Jlon K/Na {EC;/EG|Nai/Nar] K/Na EC,/@ Nal/Nar
ATP | 28b | 066k 083f | 422b | 0730 | 0846f

Caghw | 428a | 0451 | 09%4de | 477a | 0433f ] 0.933bode
0 | Katr. | 437a | 068j | 08B3f | 4500a | 0.736e | 0846
Naben | 393a | 072h | o82f | 387c | 0653¢| 0870ef
Controf | 351ab | 074g | 080f | 356d | 0676 | 0890 def
ATP | 143cd | 071hi | 0.9ode | LSST | 0.680¢ | 0.910cdel
Caghi | 143cd | 068) | 097cde | LS5 | 0.653¢ | 0.950bode
3000 | Kcitr. | 173¢c | 088f | 093e | L7lef | 0.867d | 0.950bcde
Naben | L72c | 095d | 10Ibc { 176e {0913cd| 0.99 abc
Control | 0.82cd | 143b | 097cde | 085 | 1403b | 0.97%bed
ATP | 1ldcd | 095d | 1.00bod | LI83g | 0.973¢ | 0.987 abe
Caghu| 110cd | 070§ | 094de [1.170gh| 0.676e | 0.890def
6000 | Kdtr. | 1.19ad { 09lc | 098cde | 127g |0.9400d| 0.960bod
Naben| 097cd | 099c | 1od4ab | 100k | 0980c | 1.00ab
Control | 052d | 158a | 108a | 058j | 155a | 1.10a

Means followed by the same letter(s} within each column do not significantly
differ using Duncan's Multiple Range Test.

Table (10): Effect of salinity on flowering, fruit yield and quality of sweet
' pepper during_the two seasons of growth, ‘
NaQl No.of | Noof Fnﬂi Relative Fruit .Fruit Fruit
Ppm) flowers/ | frvits/ md/ vield (%) length | diameter | shape
plant plant | p @2001 | (cm) (cm) | index

0 536a | 136a | %656a | 100 8la 36a | 2.26a
3000 | 456b | 198b | 4393b | 8121 { 67b 276 | 239a
6000 | 377¢ | 167c | 383lc 167.73 50c 24c | 233a

0 §38a | 216a | 5822a | 100 793 37a | 2la
3000 | 469b | 203b | 4826b | 8289 | 62b 28b | 22a
6000 388¢c 174¢ | 4016¢ | 6897 48¢ 24c¢ 2la

Means followed by the same letter(s) within each column do not significantly
differ using Duncan's Multipie Range Test.

The same data show that fruit yield reduced by 17.9 and 31.6% (means
of the two seasons relative 1o control) at 3000 and 6000 ppm NaCl, respectively.
These yield reductions suggested that sweet pepper Baladi cv. considered as a less
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salt sensitive at moderate salinity and moderate sensitive at higher salinity. This
was greatly in agreement with results obtained by Mass and Hoffman (1977),
Richter et al.. (1999) Mediros et al, (2002), Navarro ¢f al., (2002) and De-
Pascale et af , (2003).

The present results of salinity effects on flowering, fruiting and fruit
yield were in accordance with those of Navarro et af. (20002); De-Pascale ef al.
(2003) and Kaya and Higgs (2003).

Herein, these results were expected based on the sinular adverse effects
of salinity on growth and dry matter partitioning (Table 1), the ionic and
clemental content (Table 4), the physiological status (Table 7). Also, it might be
due to the toxic effect of salt ions (Niu ef af,, 1995), hyperosmotic effects of
salimty (Yancey er of., 1982), nuritional imbalances (Liu and Zhu, 1998),
Navarro et al., (2002), membrancs breakdown and destabilization (Hasegawa and
Bressan, 2000), diversion and expenditure of carbohydrates and energy pools
away from growth and yvield activities (Pasternak, 1987 and Nicman er of., 1988).

Effect of the anti-salinity treatments:

The results in Table (11) revealed that in the two scasons, all the tested
treatments significantly improved number of flowers and fruits, thercby increased
fruit yicld of swect pepper plants relative to the control, also they improved fruit
quality, in most cases. Regardless of salinity, fruit yield was increased by 71.6, 50.7,
42.4 and 35.6% as a result of spraying plamnts with Ca-gluconate, ATP, K-citrate and
Na-benzoate, respectively (means of two seasons relative to the control).

Table (11): Effect of anti-salinity treatments on flowering, fruit vield and
quality of sweet pepper during the two scasons of growth.

I No.of | Noof . . Fruiy Fruit | Fruit
Amc::::;auw flowery/ | fruits/ l::::::g)] )ﬁﬁ?‘: ) length | diamcte| shape
_plant | plant {fem) | r(cm) | index
2001
ATP 473b | 208b | 5015b | 14934 | 69a 29b | 237ab

Ca-gluconate | 524a | 252a | 5801a [ 17275 | 6.7ab 29b | 234ab
K-citrate 455¢ | 202c | 4786¢c | 14252 | 6.lc 260 | 241a
Na-benate 43.64d 18.7d | 4505d | 134.16 6.1c 34a [bl%b
Control 382e | 152e | 3358 100 63bc | 26b | 256a
2002
ATP 434b | 216b | 5288b | 15204 | 6.7a 31b | 22a
Cagluconate | 54.0a | 260a | 5932a | 170.55 71la 31b | 23a
K-~citrate 467c | 212b | 4950c | 14232 | 60bc 27¢ 1 23a
Na-benate Had [ 193c | 4793d ( 13700 { 61D 34a 1L8b
Control 388e | 160d | 3478e 100 56¢ 26¢c | 22¢
Means followed by the same lettcr(s) within each column do not significantly
differ using Duncan's Multipie Range Test.
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Such yield increments were as a result to the beneficial effect of these
treatments on growth behavior and dry maiter accumulation and partitioning
pattern (Table 2), higher content of the useful nutrients, N, P and K vs lower
content of the toxic salt ions, Na and Cl of shoots and rools (Table 5) and the
inducible physiological adaptive behaviour (Table 8). All were interrelated with
fruit yield and this confirmed by the correlation values (Table 13).

Similar results about the use and effects of these treatments during
stressful conditions were reported by Subbarao ef al., (1990) and Navarro et ol
(1999 & 2000) [Calcium], Njoroge et al., (1998); Fathy and Farid (2000) and
Fathy et al., (2000) [ATP]; Fathy et o/, (2003} [K-citrate and ATP|; Lascaris and
Deacon (1991) and Fathy and Farid (2000) [Na-benzoate].

Effect of interaction:

It was obvious from the results of Table (12) that all treatments induced
a significant protective effect on flowering and productivity of sweet pepper
cither at moderate or higher salinities during the two seasons. They also improved
fruit quality in term of fruit length, diameter and shape index in most cascs
compared with those of non-stressed and stressed controls in both seasons, They
restored fruit yield at 3000 ppm NaCl plants near the normal value (non-stressed
control plants) or above. Meanwhile, this was greatly recovered at higher salinity
as affected by these treatments,

In this respect, fruit yield was reduced by 38.6 and 45.3% at moderate
and higher salinity, respectively. Ca-gluconate and ATP were shifting this drastic
case, they increased fruit yield by 4.8 and 20.3%., mitigated its severe reduction at
higher salinity to be only 6.5 and 6.3%, respectively,

Meanwhile, K-citrate and Na-benzoate alleviated such yield reductions
to be only (.62 and 5.70% at moderate salinity, 16.4 and 18.5% at higher salinity,
respectively,

In this respect known that salinity stress adversely induce toxic,
hyperosmolic, nutritional imbalances effects, impair membranes structure and
function, depress photosynthesis and protein synthesis, deplete and divert
carbohydrates and energy pools, raise cthylene and toxic ROS levels as
previously reviewed. Thereby impaired flowering and fruiting activities.

Applying the mentioned treatments greatly protect the stressed plants
against such adverse effects. Induce a reversal suitable nutritional and
physiological adaptive status (Table 3, 6 and 9). Also, such protective effects and
interrelations were confirmed by the comrelation values (Table 13).

Finally, it could be concluded that spraying sweet pepper with Ca in
organic form of Ca-gluconate and commercial ATP considered as a promising
agro-management technique to ameliorate salinity barmful effects, obtaining
normal fruit yvield at moderate 3000 ppim NaCl salinity and less yield reduclions at
higher 6000 ppm NaCl salinity. Also, that applying K in organic form of K-citrate
and Na-benzoate were of beneficial ameliorative effects during salinity stress.
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Table (12): Effect of interaction on flowering, fruit yield and quality of sweet
pepper during the two scasons of growth.
No.of | No.of | Fruit . Fruit | Fruit | Fruit
NaCli Amel | gowers /| fruits / | yield ! “""?}") length |diameter] shape
ppm| Yoo 7 e | plant |ptant @ em) | (em) | index
2001
ATP 53.60 236¢ | 5600c § 11251 ; 803b | 3.2bcd | 2.5bc
0 |Caglu| 6102 293a ; 6983a ] 14030 | 91a 43a | 2.1bcd
K-citr. | 503d | 230c | 5523¢ | 11097 | 79b ! 3.1bod i 25bc
Nabenj 500d | 216d | 5197d | 10442 [ 7.2bc | 38ab | 19cd
Control} 483¢ | 203ef | 4977 100 81b | 36abc| 22bc
3000 ATP | 476b | 200fg | 5023¢ | 10092 ] 75b | 3.7abc | 20bad
Caghe| 526c | 250b | 587.7b | 11808 | 6.3cd | 25defg | 2.5b¢
Kitr. | 46.6f | 203¢f | 4813F | 96.70 55de | 19gh | 29ab
Naben| 446g | 190g | 4420h ;| B880 | 62cd | 260def | 26bc
Control| 380k 1501 | 2833k | 5692 | 55de | 29cd | 18cd
60001 ATP 40.61 190g | 4423h | 8886 | 53de | 19fgh | 26bc
Caglu| 436h | 213dc | 4543g | 9127 48¢ | 20efgh{ 23
K<itr. | 39.6 17.3h | 40231 [ 8083 48¢ 27de 18cd
Naben.| 3631 1561 | 3900; | 7836 50¢ | 38ab 13d
Control | 38.3m 10.3) 26671 | 4554 S5le 14h 26a
2002
ATP 546b | 243c [ 5860b{ 121.14 74b 32ad | 23bad
0 {Caplu| 626a | 3L0a | 7217a; 14920 | 88a 45a 1.9de
Kitr, | 516¢ | 246bc | §733c | 11852 | 80D 34c | 23abcd
Na-ben.| 503d | 230d | 5467d | 11302 | 75b 39b 19de
Controt | 493de | 210ec [ 4837g]| 100 796 | 3.5cd | 23cd
ATP | 486ef ; 21.0e | 5260¢ | 10874 78b 40b 19de
3000 ) Caglu | 540b | 2560 | 5930b | 12259 64c 27de | 24abcd
K<itr, | 4761 | 210e | 4937f (| 10206 | S56de | 20fg | 28ab
Naben | 453g | 1901z { 4823¢g ) 9971 | 60cd | 27d | 21lcde
Control | 39.0i 150h | 3183k | 6580 | 52def | 27d 1.9 de
ATP | 420h 196f | 4747g} 98.13 50ef 211 | 2.4abcd
6000 | Caglu | 453g | 213¢c | 4650h| 96.13 | 60cd | 22ef | 282
Kitr. | 41.0h | 183g | 41B0i | 841 ) 45fg | 27de | 17ef
Na-ben ] 376j 1600 | 4090 | 8455 49ef | 3o6bc 131
Control | 280k | 1201 | 24171 4996 38 15g [ 25abc
Means followed by the same letter(s) within each column do not significantly
differ using Duncan's Multiple Range Test.

Correlation studies:

The results of Table (13) revealed that N, P and K content, as well as
K/Na and shoot/root ratios were positively correlated with fruit vield / plant in the
two scasons. Whercas, Na and Cl content as well as EC/EC;and Nal/ Nar
values were negatively corrclated in two seasons too. Such correlations greatly
confirmed the previously discussed, interrelated and interoperated results under
present work conditions.
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Table (13): Correlation coefficient of fruit yield / plant vs. some chemical and
physiological parameters during the two seasons of growth,

Characters Fruit yield / plant (g

2001 2002
N (%) 0.946 0.953
P (%) 0.843 0.804
K (%) 0.791 0.802
Na (%) -0.780 -0.784
Cl (%) (1,942 -0.881
K/ Na 0.687 0.741
Shoot / root ratio 0.234 0.050
EC/EC; -0.942 -0.908
Nal/Nar -0.525 -0.561

Also, it may be suggested that EC\/EC, and K/Na values as well as N, P,
K, Na and Cl contenis could be considered as an important nutritional and
physiological indicators/sensor for salinity effects and the protective adaptive
effects of the applied treatments.
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