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ABSTRACT

Prolonging the marketing period of peach fruits in Egypt
through introducing new cultivars, breaking dormancy early or
delaying maturity of some cultivars by safe compounds would
increase the growers' profits. This study was conducted during
two successive seasons 2005 and 2006 by using '"Desert Red"
peach cultivar (Prunus persica L.) grafted on Nemaguard
rootstock. Trees were grown at El-Noubarya province, Behera,
Egypt. were sprayed with a hand sprayer to the run off. At the
initiation of phase III of the double sigmoid curve the treatments
included putrescine at § and 10 mM, GA; at 200 and 400 ppm,
in addition to each of the above treatments plus calcium chloride
(at 2%, wh), CaCl, alone, and the control (water spray). The
surfactant tween-80 was added to all treatments at 0.05%
(viv).All putrescine and GA; treatments whether alone or in
the presence of calcium, in addition to CaCl, alone resulted
in retarding the loss of tissue firmness as compared with the
control in both seasons. Fruit size, weight, length, and flesh
weight were significantly increased by GAj; at 200 and 400
ppm as compared with the control in both seasons.
Furthermore, CaCl, did not significantly affeet fruit size,
fruit weight, fruit diameter and flesh weight in both seasons.
Putrescine treatments, in the presence or absence of CaCls,
were not affective on altering fruit length and diameter in
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both seasons. The incorporation of calcium with either
putrescine or GAj; did not consistently result in an added
advantage on fruit weight and length. Meanwhile, GA;-
treated fruit, at 200 or 400 ppm, had a significant increase in
flesh weight as compared with the control. Moreover, CaCl,
alone did not significantly alter flesh weight in both seasons.
It could be recommended to use preharvest spray with either
GA; at 200 ppm, Putrescine at S ppm (441 ppm) to delay
maturity of ""Desert Red" peach fruits by at least on week
without adversely affecting the firmness.

INTRODUCTION

Peaches are highly demanded by Egyptian consumers. Peach
acreage in Egypt reached 78646 feddans in 2004 produced 302667
Metric tons of fruits (Annual Book of Statistics, Egypt in 2005).

To expand the peach market and to prolong the time of marketing,
many new peach cultivars have been cultivated in Egypt. Moreover,
breaking dormancy early in spring by some agents such as Dormix
and some cultural practices extended the period of peach harvest.
Meanwhile, most of the new cultivars reach to maturity in mid season
which increases the supply and lowers prices. Peach fruits are also
known with their short shelf life and weak storability. Consequently,
many fruit are lost which forces peach producers to harvest their fruits
at minimum maturity. Peach fruits at such stage lack the desired flavor
and aroma. Peach was classified into climacteric fruit ripening. In
peach, the rise in ethylene production regulates the ripening process
(Kende, 1993; Leliever et al, 1997, Mathooko et al., 2001). However,
the climacteric ethylene in peach is an event occurring late when the .
fruit has already consistently softened (Tonutti et al., 1997). For this
reason, peach fruits exhibit short storage life that limit their
commercial potential and farmers to anticipate the harvest date. As a
negative consequence for this excessive early harvest, the overall
peach fruit quality is reduced and does not fulfill the consumer's
expectation.

Aforementioned, there is a great need to treatments that delay fruit
maturity and ripening of peaches and to extend the shelf life of such



J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.6 (1)2007

fruits. To reach this goal and improve fruit quality, substances able to

interfere with ethylene biosynthesis would manipulate peach fruit
ripening. Polyamines such as "putrescine", gibberellic acid and
calcium play important roles in the life of fruits and could have the
potential to achieve the desired goals.

Polyamines are well- known regulators of growth and
differentiation (Bagni and Torrigini, 1992), and compete directly with
ethylene for their common precursor S-adenosy-L-methionine (SAM)
(Valero et al., 2002).

Whereas the high calcium content in fruit tissues has been shown
to reduce disorders, retard softening, and inhibit decay of apples. In
addition to strengthening cell walls and membranes, calcium also
regulates some physiological processes that may directly or indirectly
affect the quality of fruit (Poovaiah, 1988).

Gibberellic acid was found to delay ripening and senescence of
fruits, as well as fruit maturity in peaches (Sher-Muhammad et al.,
1996).

Under desert agriculture conditions, newly introduced cultivars of
temperate-region origin may have a change in the developmental
aspects of the ir fruits. For example, abortion of embryos may occur
which leads to the absence of intermittent growth or short duration of
the second phase of the double sigmoid curve of the fruit (Tukey,
1963). The modifications in the third phase of the fruit growth curve
need to be monitored since the treatments were applied at the
beginning of this phase. Thus, the objectives of this part of the study
were to monitor the developmental aspects of "Desret Red" peach fruit
in relation to treatments of putrescine, gibberellic acid and calcium,
and to examine the changes in physical properties of the fruit due to
the attempt of delaying their maturity and ripening.
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MATERIALS AND METIHODS

The present investigation was carried out during two successive
growing seasons 2005 and 2006 on "Desert Red" peach cultivar (Prunus
persica L.) budded on Nemaguard peach rootstock and grown in Nubaria
region, Beheira governorate, Egypt. Trees were healthy, uniform and free
of defects. The orchard trees were maintained under the standard cultural
practices commonly adopted for this area. The soil was sandy, well
drained, the depth of water table was at least at two meters and the trees
were under dripping irrigation. Experiments were performed on 5-year-old
trees trained to open-vase shape. Trees were sprayed to the run off using a
hand sprayer on 17, 20 April during 2005 and 2006, respectively.
Treatments included water as the control, Putrescine [1, 4-Diaminobutane
(C4HsN2)] at 5 mM (441 ppm) or 10 mM (882 ppm), GA; at 200 or 400
ppm in addition to each of the above treatments plus CaCl (at 2%, w/v,
meaning 20,000 ppm) and finally CaCl, alone at 2% (w/v). The non-ionic
surfactant Tween 80 at 0.05% (v/v) was added to all treatments.

The treatments were sprayed at the time corresponding to specific
fruit growth stages which coincided with the initiation of phase LLI of the
double sigmoid curve. Thus. periodical fruit samples were harvested at
weekly intervals following fruit set until the fruit sample of the control
maturity in both seasons. Samples of generated curves of some physical
properties (fruit size and weight) are shown (in figures 1 to 10) to show the
developmental aspects of the fruit under filed conditions throughout the
growing season whether for treated or the control fruits.

The fruit physical properties parameters were measured at weekly
intervals during the entire growth season from fruit set to harvest. At each
week, a random sample of ten fruits from each replication was weighed, in
grams, and the average weight of the fruits was calculated. The stones were
extracted, washed, air-dried and weighed. Fruit size determined by
displacement in cylindrical tube containing water. Fruit length and
diameter were measured by using a Vernier caliper. Fruit firmness as
(Ib/Inch?), was determined by using Effigi pressure tester (model, FT 327
(scale of, 3-27 Lbs.).

The study treatments were arranged in a factorial experiment in
randomize complete block design. Four replications were used per each
treatment. Thus forty trees were employed in this study. Comparisons
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among means were made via the Least Significant Differences multiple
ranges by using SAS (2000) program.

RESULTS & DISCUSSION

I. Developmental Aspects of Fruit in Relation to the Treatments:

Monitoring some morphological aspects of “Desert Red”
fruit such as fruit size, and weight through different phases growth and
development provided data through the season to drew the growth
curve. It was+evident that fruits of this cultivar followed a clear double
sigmoid curve with the three distinguished phases (figures 1 to 10.
Like all members of the subfamily “Prunoideae”, peaches are
characterized by their drupaceous fruits (Bailey, 1961). These fruits
with fleshy outer pericarp usually follow an intermittent pattern of
growth resulting in a double sigmoid curve. The endocarp portion is
the first part of the drupaceous fruits that reaches to its maximum size
(Esau, 1953). In peaches. the duration between full bloom and fruit
maturity was related to the relative length of the second stage of fruit
development (Tukey, 1963). It appeared that the first phase of rapid
enlargement following fruit set was approximately of similar rate and
duration for many peach fruit varieties. Fruits of early maturing
cultivars were characterized by aborted embryos and absence of
intermittent growth. Midseason peach cultivars were found to have a
relatively short duration of phase two of the double sigmoid curve.
Meanwhile, those of later maturation showed prominent retardness in
the second phase and gave rise to fully developed embryos (Tukey.
1963). Figures | to 5 emphasized the above information though
monitoring the changes in fruit size of “Desert Red” peach cultivar
during the two seasons, a typical double sigmoid curve was obtained
-with a relatively short duration in second phase. Some treatments were
still able to modify the curve by the end of the third phase. The more
pronounced modification was obtained with GAj; treatments at 200 or
400 ppm whether in the presence or absence of calcium chloride. This
effectiveness of GA; was related to its ability to stimulate cell
elongation or enlargement since peach fruits at the third phase of the
double sigmoid curve still accommodate more increase in the cell size
(Marini, 2006). Responses of fruit weight to the application of various
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treatments in terms of modifying the growth curve were illustrated in

figures 6 to 10. Although. the total effect of purescine at 5 or 10 mM
was presented before, as a reduction in fruit weight as compared with
the control, the growth curves showed that this reduction required a
prolonged period during the third phase of fruit development.
Meanwhile, GA; applications at 200 or 400 ppm needed more time
before starting to show a clear difference between the curve of the
control and that of GA5 whether in the absence or presence of calcium
chloride. Thus, GA; at both concentrations was still effective in
increasing tissue weight up to the harvest time. In addition, the double
sigmoid curve showed a smooth transition between phase one and
three which indicated to a relatively short duration of the second phase
of the developmental curve. It was also obvious that calcium chloride
treatment did not lead to noticeable modification in the third phase of
double sigmoid curve during both seasons.
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IL. Physical properties of fruits as influenced by the treatments:

IL1- Fruit Firmness:

Changes in fruit firmness as influenced by various
treatments, regardless the time factor, were shown in Table 1. The
data indicated that, putrescine either at 5 or 10 mM significantly
retarded the loss of fruit firmness in a consistent manner in the two
seasons as compared with the control. However, putrescine at 5 mM
was as effective as putrescine at 10 mM on fruit firmness in both
seasons.

Furthermore. gibberellic acid spray at each used
concentration led to a significantly increase in fruit firmness when
compared with control. In a similar trend to the above finding, the two
GA; concentrations were equally effective on peach fruit firmness.
Moreover, the efficacy of putrescine at 10 mM on retarding the loss of
fruit firmness did not significantly vary from that of GA; at 400 ppm
in both seasons. However, the lower concentration of putrescine (5
mM) did not result in a consistent trend in the two seasons when
compared with the used low concentration of GA; (200 ppm) with
regard two delaying the loss of fruit firmness of "Desert Red" peaches.

Calcium chloride alone was also able to maintain the
firmness of peach fruits as shown in Table 1. It was evident that
CaCl,-treated fruits had significantly higher firmness than that of the
control in the two seasons. Such calcium treatment, however, was less
effective than that obtained with putrescine at SmM in both seasons
but equally effective to GA; (at either used concentrations) especially
in the first season.

There was no consistent synergism between putrescine and
calcium chloride in terms of their effect on peach fruit firmness when
the results of the two seasons were compared. Similar conclusion
could be drawn when the effect of calcium alone was compared with
calcium plus GAj; at the two used concentrations (200 or 400 ppm).

The increase in fruit firmness of peaches, found in this study,
as result of putrescine, GA3 or even calcium treatments agreed with
the finding of Kramer et al., (1991), Wang et al., (1993), Bregoli et al
(2002), Saure (1990), Sher-Mohammmad et «l., (1997), Lee-
ChongSuk et al., (2000, a), Raese (1989), Glenn and Poovahiah
(1990), Ochei et al., (1993). Bregoli et al (2002) explained the role of




(Table 1) Physical characteristics of "Desert Red" Peach fruits as influenced by various used treatments, regardless the Time,

1dA5g " AlUN X3V 19§ AUT R OLS Y T

during the two seasons 2005 and 2006
Firmness Size Dismeter Length Weight Stone welght Flesh welght Flesh/Stone
T (Lb/inch’) (em’) (em) (cm) (gwm) m) (&m) Ratio %
2008 2006 2005 2006 2005 2006 2005 2006 2008 2006 2008 2006 2008 2006 2008 2006
Centrol 19.064 | 19.933 | 43250 | 495.50 4.158 4.357 4.329 4.531 42484 | 49037 49.601 70.071 375.248 420.304 7154 6.00
d c c ° bed b de c d b [ bed d c . 3 c
Putrescine | 24.062 | 24.009 | 41000 | 47425 4.100 4.320 42713 4.49 391.78 | 473.20 53.508 69.807 338.275 405.401 6.15 5.85
SmM 3 be d c cd b c c f [ bed c f d c cde
Patrescine | 23.414 | 23.792 | 42825 | 479.00 4.132 4321 4.329 4.487 406.67 | 471.21 53.678 68.755 352.994 402.461 6.42 5n
10mM ab c c c cd b de c € c bed cde c d ed cde
GAl 21009 | 24.676 | 494.50 | 53330 4277 1.523 4439 4611 480.56 | 525.17 53.797 70.674 426.768 454.500 m 635
200ppm be ab a a bc 3 ab b ab a bed be ab ab 3 b
GA3 23.750 | 24335 | 477.50 | 53925 4.280 4.542 4.461 4.650 463.03 | 533.05 55.813 68.342 407.218 464.713 105 6.67
400ppm ab abe b ] be ] ab ab c a a ed c a b ]
Puirescine
SmM 23270 | 24970 | 41200 | 48525 4.098 4.345 4.320 4.506 403.82 | 47880 51.997 71.090 351.824 407.7114 6.63 5.66
+ abc a [} be d b de c € be d b c cd od od
CaCl,2%
Putrescine
tomM 22359 | 23.835 | 429.50 | 481.25 4212 41327 4410 4.490 42572 | 47135 54.292 70.406 371.430 400.495 6.69 561
+ c c c c bed b be c d c abe bed d d cd c
CaCl; 2%
GAl
200ppm 23.106 | 24.352 | 471.75 | 532,00 4472 4518 4.501 4.674 473.36 | 526.95 52.691 74.034 420.674 452943 116 59
+ abe abc b a a ] ] ] b ] cd 3 b ab a c
CaCl; 2%
GA3
400ppm 23.212 | 23.967 | 489.50 | 527.50 4290 4.508 4.49% 4.648 489.10 | 52085 54918 70.446 434.186 450.413 1.65 6.28
+ abc c a a b a b ab a a b bed a b a b
CaCl 2%
CaCl, 2% 22.796 | 22.345 | 437.25 | 483.00 4172 4.348 4.362 4.505 428.23 | 479.11 529N 69.362 375.206 409.754 6.95 5.90
! be d c be bed b cd c d be bed bede d cd cb cd

Values, within a column, of similar letters, were not significantly different according to the least significant difference (LSD) at 0.05 level.
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polyamines in this aspect via strongly reducing or nullifing ethylene
production. They reported that ethylene and polyamines use a
common precursor SAM, for their biosynthesis and exert opposite
effects with respect to fruit ripening and senescence. On the other
hand, Kramer et al. (1991) studied the effect of polyamines on apple
cultivars, proposed that, polyvamines affected fruit softening through
rigidification of cell walls by directly inhibiting polygalacturonases
rather than through the interaction with ethylene synthesis.
Furthermore, Valero et al (2002), suggested that the effect of
polyamines on increasing fruit firmness can be attributed to their
cross-link to the -COO™ group of the pectic substances in the cell
wall, resulting in rigidification that is detectable immediately after
treatment. This binding also blocks the access of degrading enzymes
such as pectinmethylasterase. pectinestrase and polygalacturonase.
reducing the rate of softening during storage. Similar observations
were reported by Mesiaen and Van Cutsem (1999). They proposed
that, the reduction in softening rate caused by polyamines may depend
upon their role in cell wall dynamics by directly cross-linking
urinates.

To explain the role of GA; on fruit firmness, Andrews and Li
(1995) found that, the preharvest application of GA; in climactric
sweet cherry, decreased the polygalacuronases and pectin
methylestrase activities, and increased fruit firmness compared with
control fruits, and they suggested that GA; treatments may maintain
fruit firmness by their inhibitory effects on these enzymes. Moreover
Suzuki et al (1999) found that in whole apple fruits, similarly treated
with GA;, ethylene evolution was significantly decreased 2 weeks
after treatment compared with control. Furthermore, Kondo and Danjo
(2001) suggested that GA; treatment delayed fruit ripening by
blocking ABA activity.

Furthermore, Glenn and Poovahiah (1986) suggested that
calcium ions interact with pectic polymers to form a cross-linked
polymer network that increases mechanical strength, thus delaying
senescence and controlling physiological disorders in fruits and
vegetables. Moreover, Glenn and Poovahiah (1990) demonstrated that
calcium in fresh Golden Delicidus applcs, binds to the cell wall and
middle lamella, where major influences on firmness were expected.
Furthermore, Valero ef al (2002) found that, calcium-treated plums
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increased the conjugated forms of putreascine (conjugated-soluble

and cell wall bound), were related to higher firmness. Moreover,
Kramer et al (1991) suggested that, CaCl; inhibited ethylene evolution
in Golden Delicious, which reflected on delaying the loss of firmness.
11.2- Fruit Size:

With regard to the effect of various treatments on fruit size of
"Desert Red" peaches, changes in fruit size as influenced by various
treatments, regardless the time factor, were shown in Table I. The
results revealed that putrescine at SmM caused a significantly
reduction in fruit size as compared with the control. Similar trend was
obtained when putrescine-treated fruits at 10 mM were compared with
the control but the significant reduction was only found in the second
season. Moreover, the difference between the effects of the two used
putrescine concentrations was not consistent in the two seasons.

The application of GAj either at 200 or 400 ppm was
effective in a significant manner on increasing peach fruit size when
compared with the control in both seasons. The efficacy of GAj at the
two used concentrations was even higher than that obtained with both
used putrescine concentrations when fruit size was compared in the
two studied seasons.

Calcium treatment alone resulted in fruit size similar to
control in both seasons. Furthermore, the application of CaCl, alone
led to significantly smaller fruit size than that obtained with GAj;
concentrations in the two seasons. On the other hand, CaCl; treatment
resulted in fruit size similar to that found with putrescine at 10 mM in
both seasons. When the effect of CaCl, alone on fruit size was
compared with that of the combination including GAj plus calcium, it
was found that the presence of calcium had no consistent added
advantage on fruit size whether it was added to GA; at 200 or 400
ppm. Thus, conclusion, however, could not be drawn where calcium
treatment alone was compared with the combination of putrescine plus
calcium in terms of their impact on fruit size. In general, fruit size of
calcium-treated fruit did not significantly vary from that treated with
the combination of calcium plus putrescine at 10 mM. Thus, the
obvious increase in fruit size was obtained with the application of
either GA3 (200, 400 ppm) alone or in a formulation containing
calcium. Even the combination of calcium plus GA; was more
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effective than that of calcium plus putrescine at the two used
concentrations of GAj; and putrescine in both seasons.

Results of fruit size. obtained in this study, were in line with
that found by Facteau et al (1985, a-b), Facteau et al (1992), Sher-
Mohammed et al (1997). and Usenik et al (2005). The increasing in
fruit size by GAj; treatment by Arteca (1996) proposed that
Gibberellins promote growth by increasing plasticity of the cell wall
followed the hydrolysis of starch to sugar which reduces the water
potential in the cell, resulting in the entry of water into the cell then
causing elongation.

I1.3- Fruit Diameter: ‘

Changes in fruit diameter as influenced by various
treatments, regardless the time factor, were shown in Table I. The
results revealed that putrescine at 5 or 10 mM did not significantly
affect fruit diameter as compared with the control in both seasons.
Similar trend was obtained when putrescine-treated fruits at S or 10
mM plus CaCl, were compared with the control.

The application of GAj; either at 200 or 400 ppm was
significantly effective on increasing peach fruit diameter when
compared with the control in the second season only. But in the first
season, the two used concentrations of GAj; at 200 or 400 ppm did not
significantly increase the fruit diameter as compared with the control.
Similar trend was obtained when fruits treated with GA; at 400 ppm
plus CaCl, (2% w/v) were compared with the control in both seasons.
On the other hand, GAj at 200 ppm plus CaCl; caused a significantly
increased in fruit diameter in the two seasons.

Calcium treatment alone resulted in fruit diameter similar to
control in both seasons. Moreover, CaCl, treatment resulted in fruit
diameter similar to that found with putrescine at 5 or 10 mM in the
presence or absence of CaCly in both seasons. When the effect of
CaCl; alone on fruit diameter was compared with that of GA; plus
calcium, it was found that the presence of calcium had no added
advantage on fruit diameter when combined with GA5 at 200 ppm in
the two seasons. In general. diameter of calcium-treated fruits did not
significantly vary from those treated with the combination of calcium
plus putrescine whether at 5 or. 10 mM. Thus, the obvious increase in
fruit diameter was obtained with the application of GA; (200ppm)
alone or in a formulation containing calcium in two seasons.
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Results of fruit diameter, obtained in this study, were in line

- with that found by Bregoli er al (2002). Torrigiani et al (2004) and
Qayum et al (2002) '
11.4- Fruit length: :

Data of length as affected by various treatments in both
seasons is shown in Table 1. The data indicated that fruit length was
not significantly influenced by putrescine treatment either at 5 or 10
mM when compared with the control. However, GAj3 treatment caused
a significant increase in such length in both seasons whether at 200 or
400 ppm.

In the meantime, there was no significant difference between
the effectiveness of GA; at 200 and at 400 ppm in terms of their
efficacy on increasing fruit length. The application of CaCl, alone did
not cause any appreciated increase in fruit length as compared with
the. control in both seasons. Thus, GA; spray at both used
concentrations was more effective than CaCl, on increasing fruit
length. The addition of calcium to GA; solutions did not considerably
increase truit length. in most cases, when compared with just using
calcium solution "alone. In a similar way, the combination of
putrescine at either used concentrations and calcium did not cause a
significant change in fruit length when compared with calcium alone
except with putrescine (10 mM) plus calcium in the first season.

The above findings whether with use of putrescine, GAj or
calcium agreed with that found by Sakurai and Watanabe (1994) who
attributed the increase in fruit length by GA; applications to enhanced
growth’ of the calyx.-end. Since calcium and putrescine are not
involved in the process of elongation, it was acceptable to find that
fruit length was not significantly affected by both treatments.
1L.3- Fruit Weight:

) - Responses of fruit weight to various treatments regardless the
time, were shown in Table 1. The data revealed that the control fruits
had §i0nir'lcarﬁ]) greater fruit weight than that treated with putrescine
at5or 10 mM in both seasons.

\Moreover, a remarkable increase in fruit weight occurred
with GA: applications whether at 200 or 400 ppm in both seasons
when compared with the control - or putrescine-treated fruits.
Eventhough GA; at 200 ppm resulted in a significant increase in fruit
weight but the rise in GA; concentration to 400 ppm did not result in a

-
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* proportional increase in fruit weight. Thus, GA; at 200 ppm might
- have exerted its maximum potentldl in increasing fruit weight of -
"Desert Red” peaches.

- Furthermore, calcium chIorlde spray did not fesult in a
significant change "in fruit wewht as compared with the control.
Hence, it could be concluded that GA; applications were superior to.-
either calcium or putrescine ‘treatments in terms of their positive
influence on fruit weight. With regard to the added advantage of
calcium when added to GAs; or putrescine concentrations, it was
“concluded that the presence of calcium in its formulation with GA;
did not in general, make a significant difference in fruit weight when
compared with such effect obtained with GA; alone. Similar
conclusion could be reached when the influence of calcium' plus
_putrescine (at 5 or lO mM) was compared with JUSt using putlescme
alone. _

Trend of results obtained in. fruit w_elght due to putrescine,
GA; or calcium treatments was in accordance with Bregoli e al
(2002), Utashiro et al (1995), El- Seginy et al (2003), Horvits et al
(2003), Usenik e al (2004). Amarante et al (2003). '
On the other hand. Looney (1985) found that, the calcnum.

treatments-reduce the averdage ot fruit weight. Mir et al (1996) found
that, sprayed Red Delicious. apple trees with CaCl. at 0.3 or 0.5%
increased fruit weight. Similar observations were reported by Kadir
(2004) who found that, sprayed Jonathan apple trees with CaCl,
increased. fruit weight. The increase in fruit weight by GA; treatments
.could be attributed to the increase in phloem loading of carbohydrates -
from the source to the sink and to the cell enlargement caused by GA;
application. On the contrary, putrescine reduction to fruit weight -
might be due to the delay in fruit maturity. The non-significant effect
of calcium on fruit weight could be due to the involvement of calcium
in the cell wall and plasma membrane integrity. rather than loading
carbohydrates in fruit tissue. :
11.6- Stone Weight: '

" Changes in stone' weight of "Desert Red" peaches as
influenced by various treatments were shown in Table 1. There was no
~ specific trend of stone weight in both seasons as a result of putrescine
treatment whether at 5 or 10 mM. Similar case was found with GA;
treatments whether at 200 or 400 ppm. Even when CaCl, effect on
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stone weight was compared with the control, the considerable

increase in such weight was only obtained in the first season. The
incorporation of calcium with putrescine did not result in a specific or
well defined pattern in stone weight when compared with the effect of
calcium alone. In a similar way, no specific conclusion could be
drawn from the comparison of GAj; plus calcium versus calcium
alone. It could be generally concluded that various treatments did not
lead to a well defined pattern of stone weight in this peach cultivar.
This could be demonstrated on the fact that these applications were
preformed after the completion of stone (endocarp) formation in this
study. The endocarp was reported to form during part of phase one
and the second phase of the double sigmoid curve of peach fruit
development (Monsiles. 1986).

Thus. the non-specific pattern of the impact of putrescine.
GA;, or calcium on stone weight could be due to the application of
such compounds after the completion of pit (stone) hardening and no
further evidence was provided to show that there were any chemicals
that caused and increase in the precipitation or incorporation of legnin
or cellulose into the stone during the last phase of the double sigmoid
curve.

IL.7- Fruit Flesh Weight:

The effect of various treatments on flesh weight of "Desert
Red" peaches was shown in Table 1. The results revealed that such
weight was significantly reduced by putrescine treatments at 5 or 10
mM as compared with the control and in a consistent manner in both
seasons.

On the other hand, GA; application at either used
concentrations led to a marked increase in flesh weight in both
seasons. However, the increase in applied GA; concentration from
200 to 400 ppm did not result in a proportional increase in flesh
weight. Thus with the application of 200 ppm of GAj at this time of
fruit development might have induced the maximum potential to flesh
weight.

The application of calcium chloride did not result a
significant change in flesh weight of “Desert Red " peaches as
compared with the control. Among the three used treatments, namely
GA;, putrescine and calcium, it could be concluded that GA3 at 200 or
400 ppm was the most effective treatment in increasing flesh weight
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in both seasons. When flesh weight of the fruit treated with the

formulation of GAj plus calcium was compared with that resulting
from GAj alone, it was found that the presence of calcium did not
make a consistent and noticeable difference. In a similar manner, no
well defined trend could be observed when the effect of putrescine in
the presence or absence of calcium was compared on flesh weight was
compared in both seasons. Peach was reported to daily gain size and
weight during the third phase of the double sigmoid curve (Marini.,
2006) this would explain the higher potential of GAj; in increasing
flesh weight than that found by putrescine or calcium. Gibberellic acid
was reported to stimulate cell enlargement or elongation in fruit tissue
(Marini., 2006). This was reflected on increasing flesh weight of
treated "Desert Red" peaches in this study. ]

The delay in the maturity processes by putrescine treatments
might explain or interpret the reduction in flesh weight in a consistent
manner. In addition, putrescine and calcium are not involved in the
process of enlarging the mesocarp cells in fruit.

IL.8- Flesh /Stone Ratio:

Changes in the ratio of flesh to stone of "Desert Red" peach
fruits were recorded in Table |. The data proved that putrescine
whether at 5 or 10 mM tended to reduce flesh / stone ratio but in a
significant manner in the first season only. Furthermore, GAj;
treatments, whether at 200 or 400 ppm resulted in greater flesh / stone
" ratio than that obtained with putrescine at 5 or 10 mM in both seasons.
In a similar way, both GA; concentrations resulted in greater flesh /
stone ratio than that found with calcium chloride application. The
combinations of putrescine at 5 mM plus calcium did not result in a
significant difference from that obtained with calcium alone. This
trend was consistent in both seasons. Similarly, there was no added
advantage from the incorporation of calcium along with putrescine at
10 mM. The increase in putrescine concentration from 5 to 10 mM did
not make a difference in terms of its influence on flesh /stone ratio. In
addition, no consistent trend was found when the result of GA; at 200
and 400 ppm were compared. In general, the most pronounced effect
on flesh to stone ratio was obtained with the application of GAj at
both concentrations which could be attributed to the positive influence
of GA3 on flesh weight of peaches at the time rather than to its effect
on the stone weight since the endocarp has been already formed.
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111. The Time Factor Regardless The Treatments:

Data of fruit firmness as influenced by various times of
sampling werc shown in Table 2. The results showed that. fruit
firmness was significantly decreased at fifth week following the
treatment (at harvesting) compared with the fourth and third week.
respectively. Fruit firmness was significantly decreased during the
progress of times as a consequence ol the progress of fruit maturation
and ripening and a rise in ethylene which regulating these processes.
Many of hydrolysis enzymes such as polyglacturinase,
pectininethylestrase and pectinase were produced after autocatalytic of
ethylenc production and induced the loss of fruit firmness. To explain
the loss of fruit firmness during fruit maturation, Glenn and Poovaial.
(1990) reported that the textural changes during maturation have been
often related to modification of the cell wall properties (thickness,
integrity, and cohesion). In other words, cell walls thicken steadily
during cell wall enlargement to a maximum occurring at about the
onset of maturation. Deposition then ceases and cell walls undergo a
final hydration swell.

Present data on the effect of time in growth of fruit size.
diameter. length weight and tlesh weight of “Desert Red™ peach fruit
were presented in Table 2. The data indicated that. in the final week
(fitth week), the characteristics of fruit growth such as size. diameter.
length, weight and flesh weight increase as the fruits toward progress
maturation. The fruit growth very rapidly during the final 5 wecks
before harvest. Fruit growth during this stage is due primarily to ccll
expansion as the fruit flesh accumulates water and the nearly fully
developed canopy supplies fruits with sugars.

The above findings agreed with Monsiles. 1986 who reported
that, Stage three is the one of rapid increase of fresh and dry weight in
the mesocarp. Rapid cell enlargement resumes in all diamecters.
Intercellular space decreases. becoming practically nil at maturation.
Flesh volumetric gains occur in all directions. Growth along the cheek
diameter prevails, however occurring for the final subglobular shape.

Responses of stone weight to various sampling times were
shown in Table 3. The data revealed that. stone weight increased by
time, as the fruit progressed toward maturity in the two seasons except
the fifth week after spray in the second season. Completion of pit



(Table 2) Physical characteristics of "Descrt Red” Peach fraits throughout the periad lollowing treatments during the fwo seasons
2005 and 2006: o B
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* Off scale meant that [ruits were too Iirm to be able determine their firmness within the scale of the pressure taster.
** Values, within a column, of similar letters were not significantly different according to the leact significant differcrce (LSD) at 0.05
level.
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hardening by the end of phase Il of fruit growth, deosnot imply the
ceasation of stone-gain weight. It has been suggested that the
transition between one and two in the double sigmoid curve of fruit
development. Lignification begins in late stage one, becomes
prominent in stage two, and perdures during stage three (Marini.,
2006).
Changes in flesh to stone weight ratio in "Desert Red" peaches in
response to various times of sampling were shown in Table 3. The
data revealed that, flesh to stone weight ratios rapid increased during
the final 5 weeks before harvest. Fruit growth during this stage is due
primarily to cell expansion as the fruit flesh accumulates water and the
nearly fully developed canopy supplies fruits with sugars. The
consistent increase in flesh to stone ration indicated also to a higher
rate of flesh weight gain than that occurred to the stone with time.

I111. The Effect of the Interaction between Treatment and Time:

Data in Tables 3 to 8 represented the interaction between
treatments and times for some physical properties of peach fruits that
could be used as maturity indices. The data in Table 3 revcaled that
fruit firmness with all treatments significantly decline with time.
However, the decline rate differed among treatments. For example, the
fourth week sample showed that all treatments led to higher fruit
firmness than that of the control. Putrescine at SmM after 4 weeks
following the treatment resulted in a firmness similar to that found in
the third week sample of the control. Even the fifth week sample, after
spray of all treatments, had higher fruit firmness than that of the
control. Fruits of many treatments in the fifth week still had similar
firmness to that of the control in the forth-week sample such as
putrescine at 5 or 10 mM in the presence or absence of calcium, and
GA; at both used concentrations without or with calcium. Thus. used
treatments retarded the loss of fruit firmness. This trend was
consistent in both seasons. Calcium treated peaches in the fifth weck
sample had statistically similar firmness to that of the third week
sample in the control during 2005 season. It could be concluded that
used treatments were rapidly effective and their efficacy lasted tor
several weeks until harvest date.
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The effect of the interaction between treatments and time on
flesh to stone ratio was shown in Table 4. The data proved that the
increase in such ratio in control fruits was signilicant after 2 weeks of
the treatment and Kkept increasing until the fifth week (harvest time)
alter application. This was also found with putrescine at 5 or 10 mM.
Morcover. after 5 weeks. there was a significant reduction in flesh
/stone ratio in putrescine-treated fruits whether at 5 or 10 mM.
Similarly. putrescine at both used concentrations in the presence of
calcium resulted in a signiticant reduction in flesh Atone ratio after 3
weeks of sprayv. However, GAj; at 200 or 400 ppm caused a significant
increase in tlesh /tone ratio when compared with control. This was
not the case after 4 wecks which indicated that GA5 sofutions needed
more than 4 weeks to causc a significant increase in such ratio. On the
other hand. calcium chloride alone caused a significant reduction in
flesh /Atone ratio after 5 weeks of its application when compared with
the control.

Fruit diameter data as influenced by the interaction between
treatments and time was reported in Table 5. The data indicated to a
significant and consistent increase in fruit diameter that was gained by
the third week following the application whether in the control or
treatments. After 4 weeks of spray. it was found that GA; at 200 or
400 ppm in the presence of calcium led to a consistent increase in fruit
diameter as compared with that of the control and this effect lasted
until the harvest time (fitth week after spray). Sampling GA; treated
fruits whether at 200 or 400 ppm tended to increase fruit diameter as
compared with the control at the harvest time. Putrescine effect in the
fourth sample after spray was not signiticant relative to that found in
the control. The ability of calcium chloride to increase fruit diameter
was not evident after 3, 4 or 53 weeks of the application. Thus, GA;
applications needed about 4 weeks to show a significant effect on
increasing fruit diameter whether alone or in the presence of calcium.
The progress of [ruit diameter from one week to another in that phase
of growth was considerable in "Desert Red" peach fruits.

The data regarding the effect of the interaction between
treatments and time on fruit length was reported in Table 6. It was
clear that as the time progressed following spray, fruit length of the
control increased significantly from on week to another. This was true
for most treatments in both scasons. Even when the difference
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between the fourth and fifth weeks following treatment was
compared, it was found that GA; whether at 200 or 400 ppm led to a
significant increase in fruit length of "Desert Red" peaches. In a
similar manner, the combination between GA; (at 200 or 400 ppm)
plus calcium were still significantly effective in increasing such length
between the fourth and fifth weeks after the treatment. On the other
hand, calcium chloride alone or putrescine (at 5 or 10 mM) did not
result in a consistent increase in fruit length by the last week prior
harvesting. When fruit length of the control and treatments were
compared, it was evident that the increase in such length did not occur
shortly after the trecatments but needed about 4 weeks to show a
considerable increase. Even after 5 wecks of the application, GA;
treatments at both concentrations were able to increase fruit length as
compared with the control. This conclusion could be also apply to the
combinations of GA; plus calcium. Other treatments, by fifth weck.
were not significantly effective on increasing fruit length relative to
the control. Meanwhile. GAj; solutions, whether alone or in a
combinations were effective on increasing fruit length but needed
more than 4 weeks following the application to achieve that in a
significant manner.
Fruit weight data of "Desert Red" peaches as influenced by
the interaction between treatment and time was reported in Table 7.
Many treatments after 2 weeks of application were not able to achieve
a significant increase in fruit weight as was the case with putrescine
containing solutions. Meanwhile GA; treatments whether alone or in
combinations with calcium chloride resulted in an appreciated
increase in such weight as compared with second week data.
Moreover, most treatments needed more than three weeks to achicve a
significant increase in fruit weight as compared with the control. Even
GA; at 200 or 400 ppm resulted in a consistent increase in fruit weight
in both secasons by the fifth week following the treatment. Similarly.
the combination of GAj; at 200 ppm plus calcium needed more time as
compared with GA; at 400 ppm plus calcium to give a consistent
increase in "Desert Red” peach fruit weight. Calcium chloride
treatment tended to reduce fruit weight when compared with the
control, but by the fifth week it did not show a specific trend. In
general, calcium chloride application did not lead to a well defined
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influence on fruit weight over time when followed throughout the
_time after spray.

The effect of the interaction between treatments and time on
fruit size was shown in Table 8. By the second week after spray, most
treatments achieved a significant increase in fruit size as compared
with the spray time. The consistent efficacy on fruit size was obtained
with GA3 (at 200 or 400 ppm) as compared with the control in the
fifth sample that followed the spray. Similar trend was found when
GAj; at both concentrations was combined with calcium chloride while
other treatments did not achieve a consistent gain in such size by the
fifth sample. The difference between GAj; effectiveness and that of
putrescine at the two used concentrations started to considerably
appear after four weeks of spray where GAj influence on fruit size
was superior to that found by putrescine applications. Moreover, the
effectiveness of GAs3, at 200 or 400 ppm in the presence of calcium on
fruit size was higher than that found by putrescine at both used
concentrations even after four weeks of the application. Thus, the
duration of the last phase of the growth curve was critical in
increasing fruit size even in the control. The positive effect of GA;
either alone or plus calcium on fruit size needed about 2 weeks to
show a significant effect and lasted until the harvest time.



(Table 3) Frult firmness (L/1nch?) of "Desert Red" peach fruits as influenced by the

Table (4) Fralt flesh/ stone ratio (%) of “Desert Red” pench fruits a2 infineaced by the
Interaction between reatments and time during the two seasons 2005 and 2006:

. interaction befween treatments and time duriug the two seasons 2005 and 2006:
Weekly interval samples afler spray Weekly interval samples after spray
Treatment Third week Fourth week Fifth week Treatment | Second week | Third week | Fourth week |  Fifth week
2005 2006 2005 2006 2005 2006 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
Control 24995 | 22.695 | 18.117 | 19.971 | 14.080 | 17.135 Control 5011400 6585711978 7.10 1197 ] 10.12
ontro b | K ghi o i p gs | o |lmn | mn| e ij | ¢ be
Putrescine 28342 | 26.390 | 24.017 | 24.712 | 19.827 | 20.925 Putrescine | 4.19 ] 397 | 550 | 6.12 | 7.14 | 7.51 | 9.83 | 8.45
SmM a abcde be fgh ef no SmM tu o | opq | lmn | ijkl hi e fg
Putrescine 28.330 | 26.230 | 22.727 | 23.973 | 19.185 | 21.172 Putrescine | 4.41 | 3.90 | 566 | 5.97 | 743 | 747 | 985 | 8.26
10mM a bede cd ghi fgh mno 10mM shu o opq | mn | ijk hi e g
GA3 200ppm 27.680 | 26.905 | 23.262 | 25.548 | 18.085 | 21.575 GA3 592 | 4.15] 6.64 | 6.30 | 8.27 { 7.62 13.10 | 10.48
PP a ab cd cdef ghi Imn 200ppm no o Im | kim | gh hi ab ab
GA3 400ppm 28.497 | 26.767 | 23.507 | 25.225 | 19.247 | 21.012 GA3 453143116121 661 | 7.68 | 835 | 1263 | 1085
PP a abe od ef fg | mno 40ppm | s | o [mno| jk | hi | fg | bc | a
Putrescine Putrescine
SmM 27.522 | 27.505 | 23552 | 25.193 | 18.735 | 22212 SmM 427|403 | 567 [ 5.65 8}50 618 '0672 8-5f9
+ a a cd efg fgh kim M fu o |opq | n B J e
C&C‘l 2% CaCl; 2%
Putresclne Potresene 1 435 | 416 | 603 | 574 | 7.57 | 743 | 1089 | 799 |
10mM 27.860 | 26.367 | 20.950 | 23.875 | 18.267 | 21.262 + ;tu .o mnn l;m ilij 'J d igh
+ a abcde € hi ghi mn CaCl 2%
CaCl2% A
GA3 200ppm 28.267 | 26.510 | 22.642 | 24.446 | 18.410 | 22.100 200ppm 5.18 | 404 | 6.74 | 594 | 9.0t 706 1287 ] 9.82
+ bed d toh hi v + par o | kim{ mn f ij ab c
CaCl; 2% 8 2 & g mn CaCl, 2%
GA3 400 GA3
L TP 28012 2%3:;1 21.;90 24.:00 17.:35 21.575 400ppm | 4.65 | 4.19 | 690 | 6.06 | 8.72 | 7.89 | 13.41 | 10.14
a al ghi i Imn + stu o ikl lmn | fg a be
| CaCl 2% 0 2% i gh
27.920 | 25.505 | 23.185 | 23.068 | 17.285 | 19.962
CaCl, 2% { 2 453 1417589 | 586 | 870 | 7.4 | 1096 | 9.13
e a def od jk J o CaCh2% | o |nop | mn| fg hi d d

Values, within the table, of similar letters were not significantly different
where compared by using the least significant difference (LSD) at 0.05 where comparcd by using the least significant difference (LSD) at 0.05

level.

Values, within the table, of similar letters were not significantly ditTerent

level.
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(Table §) Fruit diumeter (em) of "Desert Red” peach froits as influeaced by the  (Table 6): Fruit length (cm) of “Desert Red” peach fruits as influenced by the

interaction befween treatments and time during the two seasans 2005 and 2006: interaction hetween (reatments and tinte duving the twe 2005 and 2006:
Weekly interval les after spra Wecekly interval samples after spray )
N nples after Sp ekIy interyal samy v Spr
Treatment | Second week | Third week | Fourth week | Filth week Treatmeni Second week | Third week Fourth week | Fifth week
2005 2006 [ 2005 [ 2006 | 2005 | 2006 | 2005 | 2006 i 2005 | 2006 | 2005 2006 | 2005 { 2006 | 2005 | 2006
Contral 3707 | 3846 | 4022 | 4579 | 417 [ 4810 [ 4997 | 5063 Contro 399 | 424 a28 | qov | 461 | 7] ams | a2
jklmno 1 ij k ely hi | bed b - grstu | 1 K[ anik | i [ g | e hed
Y 3.650 3.864 3.902 4.560 | 4.450 | 4.842 | 4957 | 4.880 _ 3
et | ktmmop | st | ke | W v | T | bode | e Putrescine | 396 | 422 | 411 | 468 | 432 [ 4K | 483 [ 487
Putrescence | 3.607 | 3002 | 4000 | 4.528 | 4522 | 4833 [ 5005 | 4353 Swhl stov | 1 | opgr [ phifk | [ defih ] cde | hole
Ly mip [ ij Im e | fphi | bed | elgh Putrescence | 403 | 430 [ 427 1 463 | 458 A2 | AR
Y 1875 | A0IR | 3950 | 4600 | 4077 |A9M | 3045 [Rsaa] |-t guste '1 k‘;\' Ak W) debph ) :“‘S. . ‘\‘:‘
{ ippas ijkton no ikl j delp ed ah [ GAY 200ppm A2 (420 42 ‘-f" 4 ‘7" AN I 22 f o
BT 3747 {4018 | 4040 | 4600 | 4632 | 5060 [ 5447 | 5.82) nopyr 1| khnop | elgh | cluhi A LI
iA3 . [ I 6 632 | 5 5. 53 E =
aoopni * | iikinop | o i ik | et | b . a Casampgn | 41 [426 192 TI6N oo | s00 | S3ETTRA
Futresciae mwp ] 1 M L LT L 2
Sm 359 3949 3850 | 4498 | 4.547 | 4784 1 4900 | 4954 Putrescine
M m,“,f, o | iktono | ama |t AR Il Sl any [ e[ o L aez | e | ag3 | am | am
CaCly2% o + yrsiu | nopyrs ik hij & be det
Patrescine CaClh2%
[N} 1.7135 3961 3955 4498 | 4.707 | 4800 | 5050 | 4.822 |'"I‘“‘“"“¢ | e ™ 156 167 an . 191
iik o q e shi Al . L 2 i h . A 47
) + " ijklmnop M ij " detp cfp e ghi T parst X 0 . Tehi | derh b iy
Cul)2%
G\l CaCl2%
2 ppm “3.76" 37 4.0.50 4.(‘()‘) 5547 | 494 | 5430 | 5.494 GAS zlml'l"" 420 | 429 4.4 do8 | 475 | dom0 ]| sad | 544
v (; - ifktmno | apy i ik o ¢ ] a CaCh 2% tonap | K | hijk del he N o
19 n
GA3 a0 | aums | a0 | asea | agoz | asae | s | sa0 Gavdapee | g [aaa | o935 | qes [ a7 | ams ] sa0 | s
4uppm . R K 02 B2 . a2 2495 . b . e odis i 4
+ ijklmaop | no h kl edel ol ah 0 CaCly 2% opgrs ! k L I ! !
CaCly 2%
< 4.092 | 4.3 4235 | 48R 4.557 | 4843 | 4905 | 48
e g m 4 002 4.025 4.563 | 4.522 | 4848 | 5005 | 1RYS CaCly 2% : - . "
CuCh 2% ijktmoop nop ij ki g elgh be & ! pars ! L] k " ol be ety

Values, within the table, of similar letters were not signilicantly difTerent  Values, within the table, of similar letters were not significantly different
where compared by using the least sipnificant dilTerence (L.SD) at 0.05  where compured by using the least significant difference (LSD) at 0.05
level. level.
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rults ux infucnced by the interaction hetween
2006:

(Vable 7) Fruit weight (gm) of " Desert Red™ peach
s and thne during the twa seasens 2008 a

(T'able 8) Fruit size (cm’) of "Pesert Red" peach Mruits as inMucnced by the
interaction between treatments and time during the two seasons 2008 and 2006:

Woecekly interval ples alter spray
Treatment | Second weck Third weck Fourth week Fifth week

. Weekly interval sumples after sp
Ty Sccond week | Thivd week | Fourth week | Fifth week

2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
20010 | 35628 [377236 | 52304 | s | 60707 | iR | 70320

Contral vivx mng nop ikt hi i o [}
Putrescine | 26887 | 33638 | 32181 52200 | dos 54 | 62703 | 654.62 [ETRE]
SmiM ye n u jkt 1 Tuli el cfgh
Putrescine | 2883 70 | 767 306.17 | 49795 617351 645.8% 640,69
10mi Nyz [} 13 ki k uhi r elghi
GAY 13645 | W6.10 | 37425 | 54042 | 35631 | 65029 | Bd5ax #0612
200 pyr mn i) j gh del’ b a
GAS 20420 | W6440 | 3X3 10 | S31.05 | 32290 | eY6 B0 | RSG.SS LIFAA)
400ppm wy mno nopy ik ij e b a
Putrescine
S 26984 | 3723 | 33340 | 50230 | 49842 | alede | 67338 664 38
yz nno s ki k hi de de

2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006

Cantral 20250 | 350,25 | Jo1.25 | $27.50 [ $58.25 | 617 50 ) 70.00 | 72000
antra k ln hij 3 » de

slu .
Putrescine | 27500 | 34375 [ 342,50 | §25.00 | 490.00 | 626.25 [ 695.00

Himh 279.83 3570 | 35322 | 49657 | 51836 | 02546 | 69K69 6246

+ sy, 2 nuo qrs | ik fphi 3 (phi
CaCl 1%
GAY
200ppm 3890 | 3088t IR 32 | 52880 | SS57.R6 | 07507 | 83533 *07.m
+ tuv m n I3 ¢h od b
CaCly 2%
GAY
4iHippm 0780 | 367.16 | 41828 | 51632 | 36722 | 640622 | K924 Rl6.10
+ uvw m m ikl ¢ delp a a

CaCly 2%

2894 . Liuk 2425 » )
Cacly 2% R9.44 7 363 34 51343 82148 | 02425 | 69420 64235

wxy 7m opgr in [ fghi ] clgh

SmM tyws k nop W T A DO
Putrescence | 292 50 | 350.00 | 352.50 | 51625 [ 332,50 | 625.00 | 710.25
o | s |k | e | owii | b |oe | e | el
|G 302,50 | 36750 | 381.25 | 54750 [ 57000 | 663,00 | RR12S | 83500
2Wppm Imn k kI h [ de ab [
GAS 32250 [ 366.25 | 373075 | 34000 [ 34%.75 | 20625 | w800 | R25.00
400ppm e [N kim hi gh be ab a
Putrescine
SwmM 27250 | M3 75| 33625 | 50625 | S1125 | 626,25 | 6R250 | 6X123
+ HvXY k opy ] i g v vd
CaCly; 2%
Pulrescine
[{IEEY] 296,25 | 30125 | 356.25 | 507.50 | s05.00 | 63250 | 07.50 | 04025
+ st k man i i Ip de clp
cacw | B A A N
GAl
200ppm 3500 | 37250 | 356.25 | $32.50 [ 35250 | 68375 | Ke2 50 | RIS00
+ qrs k niho hi} eh od h i
CaCly 2%
GA}
A00ppm 31500 | 36625 | 3K7.50 | §33.75 | SK2.50 § 65K 75 | KO0 00 § X23.75
+ yrs k k hij r dr a ]

CaCl 2%
Cal'l; 2%

30635 [ 37250 [ 30730 | 51875 [ 50375 | 03025 | 72375 | 0a023

Values, within the table, of similar lctters were not significantly difTerent
where compared by using the least significant difference (LSD) at 0.05 level.

[N k klm hij i [ ¢ ofe

Values, within the table, of similar letters were not signilicantly difTevent
where compared by using the least significant difterence (LSD) a1 0.05 level,
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