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ABSTRACT

Manfalouty pomegranate trees were subjected to one, two or
three weeks water ‘mtllholding before fruit ripening as well as - .
foliar fertilized with zine sulphate or glutathlone each at 0.3 %

. -once at two weeks after fruit setting.

Results showed that. increasing. duratlon of water

-withholding from one to three weeks before mataration caused a
gradual increase in percentagw of frmt splitting, fruit peel weight,
total soluble solids and total sugars , while yield, pulp , peel
thickness, total soluble tannins -~ and total acidity were .-
progressively reduced. Water withholding duration had no effects

* om fruit weight and dimensions. Spraying the trees once with zine
sulphate or glutathione each at 0.3 % was responsible for

_ improving yield, fruit weight and dimensions, percentages of pulp,
total soluble solids % and fruit’ peel weight and thickness, total -
acidity and total soluble ‘tannins compared to the unsprayed '
Application of glutathione was preferable than zinc sulphate in
this connection.

Subjecting manfalouty pomegranate trees to one week
water withholding before . ripening. Accompanied with
glutathione spraying once at two weeks after fruit settmg at

. 0.3 % is suggested for i lmprovmg yleld and frmt -
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o INTRODUCTION

Manfalouty is considered one of the most important
pomegranate cvs grown successfully under Sohage region. The
problem of fruit splitting in this cv. substantially declined production,
shelf-life of fruits and the consumption value. In addition, the
incidence of cracked fruits effectively facilitated the different pest and
fungus attack. The loss of yield as a result of fruit splitting reached
more than 50%. Therefore, Manfalouty pomegranate orchards were
gradually reduced and were replaced by another fruit crops. Many
trials were initiated for searching about the reasons for this problems.

The deficiency of Zn is considered one of the main reasons for
the appearance of misshape fruits in-fruit crops. It is responsible for
the biosynthesis of IAA and the activation of many enzymes that
promote the biosynthesis of most organic foods. It regulates cell
division and water relations within plant tissues: (Nijjar, 1985).

Also, the use of antioxidants is favourable for protecting the
trees from free radicals that responsible for destroying plant tissues.
Antioxidants are responsible for emhancing the cell division, the
biosynthesis of organic foods and controlling the incidence of fungal
attack (Prusky, 1988) . It is well known that during plant metabolism
many free radicals or active oxygen species namely, singlet oxygen,
superoxide anion, hydrogen peroxide, hydroxyl radicals and ozone are
produced. Production of these radicals lead to oxidation of lipids and
the loss of cells permeability. They are also used instead of auxins and
chemical compounds for producmg organic fruits and lowering
pollution occurred in our environment (Lee et al, 1994). The
beneficial effect of antioxidants on fruit crops was appeared through
their catching or chelating effect on the unfaVOurable radicals
( Raskin , 1992).

The term glutathione is typically used as collective term to refer
to the 1l1‘1pept1de L- gama- glutamyl— L-cysteinlglycine in both reduced
and dimeric forms. Glutathione is widely found in the forms of life
and plays an -essential role in the health of organisms. In plants,
glutathione is the predominant non- protein thiol and functions as a
redox buffer, keeping with its own SH groups those proteins in a
reduced condition among other antioxidant activities. It is known
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chemically as N-L-gamma- glutamyl- L cysteinyl glycine and is
abbreviated as GSH. Its molecular formula 'is - CioHy7 - N3O6S.
Glutathione is the principal intracellular non protein thiol and plays a
major role in the maintenance of the intracellular redox state. It may
be thought of as an intracellular redox buffer. Glutathione is a
scavenger cabenger and an electron donor via the sulfhydryl group of
its buniness reside cysteine. Its reducing ability maintains molecules
such as ascorbate and proteins in their reduced state. It is also the
cofactor for the major antioxidant enzymes Another antioxidant
activity of glutathione is the maintenance of the antioxidant reducing
agent ascorbate in its reduced state. Thereby, the idea of using
glutathione as antioxidant and zinc sulphate for alleviating fruit
splitting and improving productivity of pomegranate trees was arised.

The promoting effect of zinc on yield and quality of fruit trees
were mentioned. {Yogaratnam and Greenham 1982; Mohamed and
Ahmed, 1991; Sandhu et al., 1993 and 1994 ; Ahmed ef al., 1995 and
1997; Guo and Xu, 1998 and Gobara, 1998) and antioxidants ( Ahmed
et al, 1998 ; Vorobev, 1999; Ahmed and Morsy, 2001 ; Abd El- Aziz,
2001 ; Ahmed et al., 2003 , Mansour et al., 2006 and Ahmed and
Abdel aal , 2007 )

Water stress during all stages of fruit crops development was
responsible for reducing yield and improving fruit quality (Israelson
and Hanson, 1962; Kramer, 1983 ; Li ef al, 1989; Johnson, et al,
1992 Lawand and Patil, 1994; HlbbS etal, 1994, Gupta etal, 1999 ad
El- Sisy, 2001)

The objective of this study. was to examine- the effect of water
withholding before ripening, zinc sulphate and glutathione on fruit
sphttmg yleld and fruit quality of Manfalouty pomcgranate trees.

MATERIALS AND METHODS
- This study was carried out during 2003 and 2004 seasons on 27
uniform in vigour 12 years old ‘own on rooted Manfalouty
pomegranate. trees in -a private orchard situated at Meat Dawood
village, Gerga district, Sohag Governorate where the texture of the soil
is sandy. The selected trees are planted at 3.5 x 3.5meters apart.
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Surface :rngatlon system was followed. Soil analysis of the tested sml
according to Wllde et al, (1985) are shown in Table 1.

Table 1 : Analysns of the tested soil

Sand% . ' 71.2
Silt % o ' ' 200
Clay % ' ' T 8.8
Texture o ° Sandy
H : . 185
OM. % L. 06
Total CaCO; % j 1.9
Total N % ( Olsen) ~0.03
Available P ( Olson, ppm) 0.5
Awvailable K (ammonium acetate, ppm) 40

~'This experiment involved two factors ( A and B ) . The first
factor' (A) consisted from the following three durations of water
withholding before fruit ripening: :
a;) 7 days water with holding before ripening
a,) 14 days water with holding before ripening
as) 21 days water with holding before ripening

While, the:second factor (B), comprised from the following
three:treatments from zinc and glutathione-applications.
by) spraying the trees with water { untreated trees)
b,) spraying the trees with zinc sulphate ( 13 % zn) at 0.3 %
bs) spraying the trees with glutathione at 0.3 %

Therefore, the present experiment involved nine treatments.
Each treatment was replicated three times, one tree per each. Both zinc
sulphate and glutathione was applied once at two weeks after fruit
setting. Triton B as a wetting agent at 0.1 % was added to all solutions
of zinc sulphate and glutathione. Spraying was done till run off.
Randomized completely block design in split plot arrangement was
adopted. The three treatments of duration of water withholding before
fruit ripening occupied the main plots, and the three freatments of zinc
and glutathione ranked the sub- plots.
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All the selected trees ( 27 trees) were subjected to the same
common horticultural practlces that are usually applied in the orchard
except the application of zinc sulphate and glutathione.

At harvesting time ( 1¥ week of Oct. in both seasons) the yield /
trée expressed’ in weight (kg.) was recorded. Fruit splitting was
estimated by counting the number of splitting fruits / tree and dividing
this number by the total number of fruits / tree and multiplying the
product by 100.

Ten fruits per tree was taken randomly for determining the
~ following physical and chemical characters of the fruits.

1- Fruit weight (8.} and dimensions ( length and w1dth in cm.)
2- Percentages of fruit pulp and peels .
3- Fruit peel thickness(cm.) :
- 4- Percentage of total soluble solids.
5- Percentage of total acidity (expressed as g citric ac1d /100 ml
juice ( A.O.A.C., 1985).
6- Percentage of total sugars and total soluble tannins according to
. AD.AC.(1985)
_ All obtained data were tabulated and statistically analyzed
according to Mead et al,, (1993).

RESULTS AND DISCUSSION

Yield : :

- Data in Table 2 clearly show that varying durations of water
withholding before fruit ripening significantly affected the yield.
Increasing days of water withholding from 7 to 21 days before
ripening caused a gradual decline in yield. Significant differences in
yield was observed among the three durations . The maximum and
minimum yields were recorded on the trees water withholding with 7
and 2] days before ripening, respect:vely These results were true in
both seasons. .

- The beneficial of water on cell d1v151on bud transformation,
photosynthesis and the translocation of’ putrients from roots to top
parts of the trees explain the present results ( Israclson and Hanson,
1962) . L
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TaEle 2: Effect of duration of water withholding before fruit ripening on some physical characters of fruits,

zinc sulphuate and Glutathione on yield ( kg.), fruit splitting % of Manfalouty pomegranate trees
during 2003 and 2004 seasons.

A.S. El- Khawaga ef al.

Yield ( tree / kg) Fruit splitting %
Spraying zinc 2003 2004 2003 | 2004
sulphate and : Duration of water withholding before fruit ripening (A) -
Glutathione (B) ' Mean _ Mean Mesn Menn
7 14 21 ®) 7 14 21 (B) 7 14 21 ®) 7 14 21 ®)
Sp raying water 740 | 720 | 700 | 72.0 {310 29.0 |27.0 ] 29.0 | 26.0 | 28.0 30,0 | 28.0 |22.0]24.0!265]| 24.2
Sp xraying Zn sulphate | 77.1 | 75.1 | 73.0 | 751 |36.0] 34.0 131.5| 338 |22.024.0|27.0 | 243 | 19.0 21.1 735 21.2
at «0,3% : )
Sp raying Gilutathione | 81.1 | 79.0 { 77.0 | 79.0 [ 39.0} 36.0 | 34.0( 363 [21.5]23.0 (250 232 |16.0 | 18.0{20.1 | 18.0
at ®),3% : ' - :
Me=an (A) 714 | 754 | 733 1353 33.0 | 30.8 23.2 | 250 | 27.3 19.0 1 21,1 | 23.4
LSD. at5% A B AB A B AB A B AB “A™ - B AB
1.3 1.8 3.1 1.8 1.9 33 1.7 0.8 14 i4. - 11 1.9
. - Fruit weight (g.) Fruit length (cm.) -
| Sp=xaying water 225 1.233 | 222 | 22332504 247 (245 | 2473 [ 71 [ 70 | 69 | TH 1517473 74
Spxaying Zn sutphate | 300 | 299 | 297 1298713157 311 (310 {3120 |80 {79 [ 78| 79 |85 |84 |83 84
at ®).3% e g
Sparaying Glutathione | 350 | 348 | 346 | 348.0'| 380 | 377 | 375 | 3773 | 89 | 88 { 87 | 88 | 92 92 | 91 ] 92
at @.3% ‘ N _ ’ T o
Mesan (A) 291.7 | 290.0 | 288.3 315 | 311.7 | 310 80179781} 84 | 83 | 82
LS.D.at5 % A B AB A B AB A B AB A B AB
NS 15.0 26.0 NS 14.0 242 | NS 0.6 1.0 NS 0.6 1.0
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The reduction on the yield in response to water stress was also
reported by Hibbs er al, (1994), Gupta et al, (1999) and El- Sisy
(2001).

It is clear from the data in Table 2 that foliar appllcatlon of zinc
sulphate or glutathione each-at 0.3 % was significantly very effective
in enhancing the yield compared to the check treatment. Spraying
glutathione was preferable than zinc sulphate in unprovmg the ytetd
These results were true: in both seasons.

The interaction between water stress before ripening and the
application of zinc sulphate and ghutathione had significant effect on
the yield. The maximum yield (81.1 and 39.0 kg / tree) was recorded
on the trees one week water withholding before ripening and treated
once w1th glutathione at 0.3 % in both seasons. :

.. The trees three weeks water Wlthholdmg before maturation and
did. not spray with any material gave the minimum yield ( 70 and 27
kg / tree in both seasons). These results were true in both seasons. .

. The positive action of Zn and Glutathione on-stimulating
growth and nutrltlonal status of the tree could results:in- :mprovmg the
yield..

The results of Ahmed et al., (2003); Mansour etal, (2006) who
worked on antioxidants as well as Ahmed et al., (1995) and (1997) ,
Guo and Xu (1998) and Gobara (1998) who worked on zinc supported
the present results.

Fruit sphttmg %e:

It is clear from the data in Table 2 that fruit- sphttmg was
adversely affected by water withholding before ripening. It increased
significantly by water withholding with one to three weeks before
ripening. There was ‘a gradual increment on' fruit' splitting -with
increasing duration of water withholding from one to three weeks. The
maximum values were recorded on the trees three” wecks water
withholding before ripening. One week water withholding  before
ripening effectively minimized such percentage Sumlar résuits were
obtained in both seasons.

The effect of water on building cell ' wall and the b1osynthesm of
cellulose and lignins could explain the present results ( Kramer, 1983).
The results of Li ef al., (1989) confirmed the present resuits.
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It is evident from the obtained data that spraying zinc sulphate
or glutathione each at 0.3 % significantly was accompanied with
reducing fruit splitting rather than the check treatment. Application of
glutathione at 0.3 % ‘was preferable than using zinc sulphate in
reducing fruit splitting, Significant differences were obsetved on fruit
splitting among three studies freatments. The lowest values were
detécted on the trees sprayed once with glutathione at 0.3 % .
Untreating the trees gave the maximum values. These results were true
in 2003 and 2004 seasons.

Fruit splitting was significantly affected by “the studied
interactions. The minimum percentage of fruit splitting ( 21.5 and 16.0
% in both seasons) were recorded on the trees oné week water
withholding before ripening and sprayed with glutathione‘ at 0.3 %.
One week water withholding without the application of zinc sulphate
and glutathione gave the maximum values ( 3.0 and 26.5 % n 2003
and 2004 seasons). Similar trend was noticed in both seasons.

The essential role of Zn and glutathione on building cefl wall of
fruits and adjusting water relations with plant tissues could explain the
present resuits. The important role of Zn and glutathione on enhancing
cell division could result in encouragmg thé growth of peels and pulp
simitarly; These results are in agreement with those obtained by
Gupta et al., (1999).

Physical frmt quality:

Data in Tables 2 and 3 clearly show that varying duration of
‘water - withholding before ripening had no effect on weight and
dimensions of fruit. Percentage of pulp as well as weight and thickness
of peels were significantly affected by varying durations of water
withholding before ripening. Percentage of pulp and peel thickness
were: -gradually reduced, while fruit peels was increased ~with
increasing durations of water withholding before ripening from one to
three” weeks. ' These results could be attributed to water stress
conditions  which resulted in drying pulp and produced thinner fruit
peel. These results are in agreement with those obtained by Li ef al;
(1989), Lawand and Pratt (1994) and El- Sisy (2001).
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Table 3: Effect of duration of water wnthholding before fruit ripening on some physical characters and

chemical characters of the fruits of Manfalouty pomegranate trees during 2003 and 2004 seasons.

Fruit width (cm,) - Pulp % -
Spraying zinc sulphate 2003 1 IZOO: hokins ok f2003 oy | ?004
and-Glutaihione (B) - Duration of water witM o} ng before rult pem;xag (A A v
. ; ean ean L m viean - CAl
7 | 4|2 7 {14 | 21 7 bo14 [ 7 [ 14 | 21
) ®) LB | o s | (B) L B
| Spraying water 55 155154 55160595859 55053 |51 (53057 | 55.| 54 |553
Spraying Za sulphateat } 63 | 62 | 61 | 62 [ 71 [ 7.0 | 70 | 7.0 |60 60 | 57 {593 ] 62 | 61} 60 | 610
0.3% G E Sl
Spraying Glutathione | 7.5 | 74 { 74 { 74 | 82 { 81 | 80 | 81 [660{ 64 | 63 643 67 | 65 [ 63 | 650
at 0.3% . - ’ : | R O e
Mean (A) 64 | 64 | 6.3 71 1 7.0 | 69 -~ 16071590 570  |62.0]603] 590
LS.D.at5% A B AB'| A B AB -t A" B AB .| A B AB
NS 0.5 0.9 ‘NS K] 1.0 1.0 1.1 1.9 1.0 1.2 2.3
. - Fruitpeels % ' Fruif peel thickness (cm.)
Spraying water | 45 .47 | 49 470 43 | 45 | 46 | 447 | 47 | 45 | 4.0 | 44 | 49 |45 | 42 ' 45
Spraying Zn sulphate at| 39 | 40 | 43 (40.7| 38 | 39 | 40 |39.0 | 45 | 40 | 38 | 41 [ 44 ! 40 [ 38 | 41
0.3% L .
Spraying Glutath:one 34 | 36 | 37 |357) 33 | 35 | 37 1350 36 |33 |3.0 )33 )40 |37} 38,37
at 0.3% i ; o
Mean (A) 39.3 | 41.0 | 43.0 [ 38.0 1 39.7 | 41.0 : 43 139136 | 44 {41 | 38
LS.D. at5 % T A B AB A B AB A B AB A B AB
S - 1.1 1.6 2.8 1.0 1.6 2.8 0.5 0.3 05 0.3 0.4 0.7
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It is obvious from the obtained data that spraying zinc sulphate
or glutathione each at 0.3 % was significantly accompanied with
improving fruit weight and dimensions as well as pulp and at the same
time was responsible for reducing fruit peel weight and thickness
compared to the check treatment. Application of glutathione was
preferable than zinc sulphate in improving physical quality of the
fruits. The lowest fruit weight and dimensions as well as pulp and the
highest fruit peel weight and thickness were recorded on untreated
trees. These results were true in both seasons. 1

The studied intéraction had obvious. effect on physical
characters of the fruits. The maximum fruit weight and dimensions as
well as the highest pulp and the minimum fruit peel weight and
thickness were recorded on the trees one weck water withholding
before ripening and sprayed with glutathlone at 0.3 % . Leaving the
trees without irrigation before ripening with one week and neglecting
the applications of these materials gave unfavourable effects. Similar
trend was observed in both seasons. These results are in concordance
with those obtained by Ahmed et al., (1998) and (2003) and Mansour
et al., (2006) on antioxidants and Ahmed e al, (1995) and {1997) on
zinc. :

Chemical fruit quality:

Data in Table 4 clearly show that i 1ncreasmg durations of water
withholding from-7 to 21 days before ripening caused a gradual
promotion on chemical quality of the fruits in terms of increasing total
soluble solids and total sugars and decreasing both total acidity and
total soluble tanmns Leaving the trees without irrigation for three
weeks before ripening effectively enhanced chemical quality of the
fruits in both seasons. The effect of water stress on concentrating of
total soluble solids.namely sugars, and pigments could explain the
present results .The results of El- Sisy (2001) confirmed the present
findings.

It is clear from the obtained data that fohar appllcatlon of zinc
sulphate or glutathione each at 0.3 % resulted in great stimulation on
chemical quality of fruits. Spraying glutathione was favourable than
zinc sulphate in this respect. The best results with regard to chemlcal

490~



Fruit splitting and ]ii'oducﬁvity of pomegranate trees

"y

Table 4: Effect of duration of water withholding before fruit ripening on some physical characters snd

chemical characters of the fruits of Manfalouty pomegranate trees during 2003 and 2004 seasons.
B T.S.S. T . : . Total acidity %
2003 l 2004 . 2003 V 2004 |
Spraying zinc sulphate Duration of water withholding before fruit ripening {A)
and Glutathione (B) T T _
Mean : Mean = Mean Mean
71442 7 {14 {21 | 7 |42 71142
(B) : (B) ! (B). (B)
Spraying water 114711521163 ] 154 [ 140 (150 161 150 195180} 161} 1.79 1197} 1.84 | 1.66 | 1.82
Spraying Zn sulphate { 158 { 16.5 | 17.0 | 16.4 {155 |16.0| 17 .| 162 {151 | 1.41 { 1.29 | 1.40 | 1.55| 1.45 | 1.30 ] 1.43
at 0.3% s : : - R
Spraying Glutathione | 18.0 | 19.0 ; 19.2 | 187 | 17.5 ] 18.0 | 180 | 180 | 130 /111 | 05! 115 | 1.33 | 1,12} 1.08 L18
at0.3% L : . _ G
Mean (A) 162 | 169 [17.5 11570163172 [ - 1159144132 1.62 [ 147135
JLSD.at5% A - B AB | A B AB | A B . AB A B AB
‘ P 05 - 05 0.9 0.5 0.6 10 0.11 0.13 0.22 0.11 - 0.4 .23

e - . Total sugars % L Total soluble solids % ‘

[ Spraying water 13.2 13'.94‘:' 145] 139 [12.0]125]128] 124 [ 28 | 2.5 | 2.0 2.4 3.0 ; 24 )22 2.5
Spraying Zn sulphate | 14.4 [ 15.0 [ 156 | 150 {140 (150 [155| 148 { 2.0 [ 1.6 { 12 | 1.6 [ 18 | 15 |13 | 15
at 0.3% ] S —
Spraying Glutathione | 16,2 | 169 [ 171 167 {160 [17017.3| 168 | 1.2 | 1.0 [ 09.| ‘L0 ; L5 {12 ; 1.1 | 13
at 0.3% : - : : I
Mean (A) 14,6 | 153 | 15.7 14.0 | 148 15.2 20 )17 141 21 1 L7 15 :
L.S.D.at5 % A B AB A B  AB A B AB A B AB

0.3 0.5 0.9 0.5 0.5 0.9 0.3 0.3 0.5 0.2 0.2 0.3
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RN T
quality of the fruits were obtained on the trees three weeks water
withholding before ripening as well as application of glutathione once
at 0.3 %. Unfavourale effects were recorded: on ‘untreated trees and
one week water withholding before ripening in both seasons. The
advancing effect of Zn and glutathione on maturity explam the present
results. These resuits are in concordance with those obtained by
Mansour ef al., (2006) and Ahmed and Abde aal (2007) who worked
on antioxidants and Gobara (1998) who worked on zinc.

As a conclusion, one week water withholding before ripening

and application of Glutathione once two weeks afier fruit setting at 0.3
% is suggestéd to be very beneficial for controlling fruit splitting as
well as improving yield and fruit quality of Manfalouty pomegranate
trees growing under sandy 3011
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