


IV- RESULTS AND DISCUSSION

IV.I- First Experiment: Effect of irrigation
regimes:

In this regard specific and interaction effects of three
factors i.e., a) irrigation regime (rewatering at 25 %, 50 %
and 75 % depletion of the available water); b) geographical
direction (north & south) ¢) and/or fruit status (sound &
creased), as well as their combinations were investigated
pertaining the response of fruit qualities, (physical &
chemical properties); creasing incidence and nutritional
status (leaf & fruit rind mineral compositions) of Tanarif
orange trees were the investigated characteristics during both
2002/2003 & 2003/2004 experimental seasons.

IV.1.1-Fruit quality:

Data obtained during both experimental seasons
regarding the specific and interaction effects of different
available soil water levels, fruit status (sound & creased) and
geographical direction of fruit localities towards north or
south, as well as their combinations on both physical and
chemical properties of Tanarif fruits are presented in Tables

(3); (4); (5); (6); (7) and (8).
IV.I.1.A- Fruit physical properties:

Average fruit weight; size; dimensions (polar &
equatorial diameters); fruit rind thickness, rind weight and
fruit juice weight, volume of Tanarif fruits were investigated
in response to specific and interaction effects of different
available soil water levels, geographical (north & south)
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directions and fruit status (sound & creased) as well as their
combinations. Data obtained during both seasons arc
presented in Tables (3, 4,5 and 6).

Average fruit weight (g) and size (em®):

Data obtained during both 2002/2003 & 2003/2004

experimental seasons are presented in Table (3).
A- Specific effect:

Referring the specific effect of irrigation regime i.€.,
the depleted available soil water % at which rewatering was
carried out, it is quite clear to be noticed the negative
relationship between both fruit weight and fruit size
parameters from one hand and the percentage of depleted
available water from the other. Hence, the weight and size of
fruit was continuously decreased with raising the limit of
irrigation regime (percentage of depleted available water).
Anyhow, Tanarif trees subjected to the irrigation regime at
25 % depleted A. W. had significantly the highest values of
weight and size, while the reverse was true with those
irrigated after 75 % depletion of A.W. Moreover, irrigation
after 50 % of A. W. were in between, whereas, differences
were significant during both seasons.

The present results are in agreement with those found
by Krome et al., (1970) on Tahiti lime; Abd El-Meesih et
al., (1977) on Washington navel orange, Swellem (1986) on
Valencia orange trees and Abd- El- Metaal (1990) in some
citrus trees who reported that highest fruit weight was
obtained from trees receiving the highest number of
irrigation during the growth seasons. Moreover, Sepaskhah
and Kashefipour (1994) on sweet lime and Ali & Gobran
(2002) on Washington navel orange trees, reported that the
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maximum fruit weight of both sweet lime and Washington
navel orange fruits resulted at higher water application.

As for the specific effect of fruits localities across the
tree periphery towards both northern and southern
geographical direction, Table (3) shows obviously that fruits
of northern half of tree canopy had significantly higher
values in both average fruit weight and size as compared to
those of the southern hemisphere during the two seasons of
study. These results could be confirmed with that reported by
Fatma (2003) on Hamlin cultivar. She found that northern
half of tree canopy induced fruits significantly higher in their
average fruit weight and size as compared to those of
southern limbs.

Regarding the specific effect of fruit status (sound &
creased), it is so clear that sound Tanarif fruits had heavier
average fruit weight and size as compared to those of creased
fruits during both seasons of study. Such results are in
general agreement with the findings of Miller (1945) who
stated that small mature fruits were more subjected to
creasing than large a ones. Salama (1979) and Fatma
(2003) reported that values of fruit weight and volume were
less in cracked Balady orange fruit and Hamlin orange fruits
than sound ones, respectively.

B- Interaction effect:

With respect to the interaction effect of various
combinations between three investigated factors i.e.,
different available soil water levels X geographical direction
(northern & southern) and fruit status (sound & creased)
during both 2002/2003 and 2003/2004 seasons on both fruit
weight and size, Table (3) displays that each investigated
factor reflected its own specific effect on the interaction
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effect of their combinations. Hence, the heaviest fruits with
the largest size were coupled with those fruits situated within
the northern limbs of Tanarif trees irrigated after depletion of
25 % available water. The superiority of those sound fruits
borne on northern scaffolds of Tanarif trees irrigated after
depletion of 25% available water over other investigated
combinations pertaining their average fresh weight and size
was more pronounced during both seasons with the unique
exception viz with comparison to those fruits of the northern
limbs regardless of irrigation regime during two seasons.
Moreover, Tanarif fruits (sound & creased) of trees irrigated
after depletion of 50 % and/or 75 % available water and
borne on the northern branches which ranked statistically
second after the superior combination. Contrary to that,
creased fruits situated on southern side of Tanarif trees
irrigated after depletion of 75 % available water were
statistically the lightest during 1 and 2 seasons of study. In
addition, other combinations were in between.

Fruit dimensions (polar & equatorial diameters):

A- Specific effect:

Referring the response of fruit dimensions i.e., fruit
height (polar diameter) and fruit width (equatorial diameter)
to specific effect of different depleted available soil water
levels (25, 50 & 75 %), at which irrigation was carried out,
data obtained during both seasons as shown from Table (4)
pointed out that both fruit dimension followed the same
trend. In this regard, reducing the available soil moisture
significantly decreased fruit dimensions. There were
significant differences between the treatment after depletion
of 25 % A. W. (wet treatment) and both of treatments 50 %
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A. W.and 75 % A.W. (dry treatments) in the two seasons of
study. The prementioned results are supported by several
workers, Hilgeman (1951), Beutel (1965), Hilgeman and
Sharples (1970), Swellem (1986) and Abd El-Metaal
(1990).

Regarding the response of fruit dimensions i.e., fruit
height (polar diameter) and fruit width (equatorial diameter)
to specific effect of geographical direction towards which the
fruits carrier branches were directed, data obtained during
both seasons as shown from Table (4) pointed out that both
fruit dimension followed the same trend and significantly
influenced by the geographical direction, whereas Tanarif
fruits borne on limbs towards the north had an obvious taller
height and width over those facing the opposite direction
(south) during both seasons of study. The detected trend
regarding the specific effect of geographical direction on
fruit polar diameter goes generally in the line of that found
by Fatma (2003) on Hamlin orange.

Concerning the specific effect of fruit status (sound &
creased), data obtained in Table (4) showed that creased
fruits induced the lowest values of both polar and equatorial
diameters as compared with sound fruits during 2002/2003
and 2003/2004 seasons. These results are confirmed by those
reported by Salama (1979) and Diab (1982). They found
that values of the fruit dimensions (height & width) were less
in cracked Balady orange than sound fruits.

B- Interaction effect:

With respect to the response of fruit dimensions to
interaction effect of differential investigated combinations
between 3 irrigation regimes i.e., after depletion of (25, 50
and 75 % available soil water), 2 directions (north & south)
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and 2 fruit status (sound & creased), data in Table (4)
displayed that both sound & creased fruits from northern
direction and irrigation after depletion 25 % A.W. generally
showed the greatest fruit dimensions i.e., fruit height (polar
diameter) and fruit width (equatorial diameter) during the 1%
and 2% seasons of study.

Contrary to that, creased fruits of Tanarif trees X
southern direction and irrigation after depletion of 75 %
A.W. had statistically the least values of both fruit height &
width during the two seasons of study. Moreover, other
combinations were in between the aforesaid two extremes.

Fruit rind thickness (mm) and weight (g):

In this regard fruit peel thickness and rind weight of
Tanarif orange in response to specific and interaction effects
of different depleted available soil water levels (25, 50 and
75 %), geographical direction (north & south) and/or fruit
status (sound & creased) as well as their combinations were
investigated. Data obtained during both 2002/2003 &
2003/2004 experimental seasons are presented in Table (5).

A- Specific effect:

Concerning the specific effect of available soil water
levels treatments (irrigation regime) on both rind thickness
and weight, the recorded data in Table (5) clearly show that
both parameters followed typically the same trend in both
seasons. It is quite clear to be noticed the positive
relationship between both rind thickness and weight
parameters from one hand and percentage of depleted
available soil water at which rewatering was carried out from
the other. Hence, the thicker rind thickness (mm) and heavier
rind weight (g) was obtained by the dry irrigation. The

-97- RESULTS AND DISCUSSIONS



[2A23] 9 ¢ 12 2131p Apueaiusis jou are Ajpandadsal ‘s/1am3| [[ELWS 10 [ended awes ay1 AQ pamo[[0] 199])2 UONIRISIUL 10 dYjidads Jayil2 JO sanfep

‘Kl2anoadsal {(paseasd 7p punos) smess jny pue (S 79 N) uonoaap [eatydesdoad ‘oungar uoneduu jo sueaw 217192dS 01 J2JDT 4uy PUR 4y 4

q19°S '31) VHL'S ‘nog azp's #4D V$S'S "nos (SMIEIS JNLP) 40 UBIA
q499°¢ V69°S asy's VIS'S (uoB22.11p) » yuBIN
: . I0JEM D[QE[IBAR
D95°S PLY'S Po6SS pece 2999°¢ J8¢'S yez's giovc | udigc | 2-0187¢ 9 G/ Jo uonajdap 1aye uonediuy
) ) , 121eM 2[qe[IEAR )
agos | puss | oaos | pege's | oaeos | goss | Siovs | pass's | Jozvs | 3Pers | o oo 1o uonadop ssye uonedu
. . I2TEA\ 2[QR[IBAE .
VER'S avLs EZ6°C qeL’s B06'S V98'S | J-PLV'S | 246§°S | 9vT9C BOL'S % ¢ JO uoya[dap taye uonediug
uoseas $00zZ/£00T
LIS =ID V87 "nog LIS =D VET'S "nog (SMIEIS JIN) 4o UBITA]
q491°s V8T'S azr's VLTS (uond2.11p) UL
p i 12]EM 2[QEB[IBAR
290°s L6V REFAIRS JRLOS Po61°¢ oL0'S 2£8Y PY6' Y 2qeT’E | 29€T¢C 04 CL 3o uona[dap Jaye uonEILu
(] B . B
) I2JeM 2[qR[IBAR
qaLTs PTIS LTE -B6TC BOV'S qa77s gls 2qyTE 61°¢ q¢T¢ 9% 0S Jo uona|dap Iayye uonesiu]
o U= - B B
191eM 2[QR[IBAR
VPE'S pazT’S B6E'S qeses BlH'S VIES | 21T | 2-B0€'S | qepes | BLES % $Z J0 uonajdap 195e uonesiu]
o . - .
uoseas £00z/200T
paseal) _ punos paseald) punog paseal) _ punog | pasear _ punog
sjusuneal |
inog YUON fnog JUON
* UBIN + UBIN
(wo) sajaurelp [eLI0jENb2 NI (wo) ta7ourerp Jejod 1n1 g
Snjels JINIj pue uonoag

"SUOSEIS $00T/C00T PUE £00T/T00T IAISSIIINS 0M) 3Y) Sulinp
pajdwes "qa,f ul SUOBUIQUIOD 119y} PUE SNJEIS JINAY ‘uondaaip [edydei30a8 ‘aunsaa uonesLial Jo s309§)2 uoljdEIajul pue
ay1ads 03 asuodsad ul "Ad | Jlieue ], 95urlo 39ams Jo (wd) 1933welp [erro3enba 3inay pue (wd) sa30werp Jejod 3nay IZEIIAY (§) 31qe ],

RESULTS AND DISCUSSIONS

—98-



obtained data show that the Tanarif trees irrigated after
depletion 25 % A.W. gave the thinner rind and lighter weight
as compared with the other treatments (after depleted 50 &
75 %, respectively) during the two season of study.
Generally, it can be concluded that dry soil moisture
treatment increased rind thickness and weight than both
medium and wet soil moisture treatments, the differences
was significantly. These results are in line with findings of
Abd El-Messih et al., (1977), Hilgeman (1977), Swellem
(1986), Abd El-Metaal (1990), Ali and Gobran (2002).
They reported that the thicker and heavier rind obtained by
the dry irrigation treatment.

On the other hand, El-Nockrashy et al., (1966-b)
found that no-marked difference in rind thickness of
Valencia orange fruits in respect to different levels of soil
moisture.

Meanwhile, the Tanarif fruit rind thickness and
weight were significantly responded to the specific effect of
geographical direction towards which the fruits carrier
branches were directed. Hence, the fruits of the southern half
of tree periphery had the thickest and heaviest rind as
compared to those of the northern canopy side. Differences
were significant during both seasons. This result was in
harmony with the findings of Fatma (2003). She reported
that fruits of the southern limbs characterized by their thicker
and heavier rind as compared to those of the opposite side of
tree and differences were significant.

With regard to specific relationship between Tanarif
fruit status (sound or creased) and its rind thickness and rind
weight, Table (5) shows that the creased fruit characterized
by its thinner and lighter weight rind, while the reverse was
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observed with the sound fruits, which showed thicker, and
heavier rind. Such trend was true during both seasons of
study and differences in both rind thickness and rind weight
were significant. This result was in line with the findings of
Hass (1950), Jones et al., (1967), El-Nokrashy (1969),
Salama (1979), Diab (1982) and Fatma (2003). They
reported that peel of creased and cracked navel orange,
Balady and Hamlin orange fruits had thinner rind than that of
sound ones.
B- Interaction effect:

As for the interaction effect of various combinations
between the three investigated factors (irrigation regime,
geographical direction and fruit status), Table (5) shows that
the trend of response was so firm from one hand and
reflected directly the specific effect of each investigated
factor from the other side. In this regard, it was quite evident
to be noticed that the thickest and heaviest rind of Tanarif
fruit were statistically coupled with the sound fruits situated
within the southern tree hemispheres and irrigation after
depletion of 75 % A.W. Followed statistically with those of
the sound fruits carried on the northern limbs of irrigated
trees after depletion of 75 % A.W. during the study.
Moreover, the thinnest and lightest rind weight was always
in closed relationship to the sound & creased Tanarif fruits
born on northern side of tree canopy and irrigated trees after
depletion of 25 % A.W. Such trend was true during both
2002/2003 & 2003/2004 seasons and differences between
the various investigated combinations (3 irrigation regime X
2 geographical directions x 2 fruit status) were significant
during both seasons of study. In addition, other combinations
were in between the aforesaid two extremes.
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Fruit juice weight (g) and volume (cm3):

The average juice weight and volume per fruit in
response to specific effect of irrigation regime, geographical
direction, fruit status as well as interaction effect of their
combinations were investigated. Data obtained during both
2002/2003 and 2003/2004 experimental seasons are
presented in Table (6).

A- Specific effect:

Referring the specific effect of irrigation regime on
both juice weight and volume/fruit, it is quite evident as
shown from Table (6) to be noticed that both parameters
were continuously decreased with decreasing of available
soil water % at which rewatering was applied. Such trend
was true during both seasons for two concerned parameters
and differences were significant when compared each other.
These results agree with those of El-Nokrashy (1966-b),
Swellem (1986) Abd El-Metaal (1990) who found that the
dry irrigation treatment produced fruits with low juice
volume.

In addition, Krome ef al., (1970) on Tahiti lime and
Ali & Gobran (2002) on Washington navel orange. They
found that wet soil moisture treatment surpassed
significantly both medium and dry soil moisture treatment.

Concerning the Tanarif fruit juice weight (g) and
volume (cm?) in response to specific effect of geographical
direction of the fruits bearer scaffolds, Table (6) declares
that fruits situated across the southern limbs of Tanarif tree
periphery had significantly higher value of both juice
parameters i.e., weight (g) and volume (cm”) as compared to
those of fruits borne on the northern side. Such trend was
true during both 2002/2003 and 2003/2004 experimental
seasons.
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These results agree with those of Fatma (2003) she
found that fruit juice (weight & volume) of the southern
limbs characterized by their abundant juice as compared to
those of the opposite side of tree and differences was
significant of Hamlin orange cv.

As for the specific effect of fruit status (sound &
creased) on both juice weight (g) and volume (cm’) it could
be noticed from data in Table (6) that sound fruits resulted
in a significant increase in both juice weight (g) and volume
(cm3) /fruit than creased fruits during the two seasons of
study.

These results were in generally agreement with those
of Diab (1982), who pointed out that sound fruit contained
higher juice weight and juice percentage per fruit weight
than creased fruit of Balady orange, Shamouti and Hamlin
fruits.

B- Interaction effect:

Table (6) indicates a significant variance due to the
interaction effect of various combinations between irrigation
regimes; geographical direction and fruit status on both juice
weight and volume/fruit. Anyhow, the heaviest juice weight
(g) and highest volume (cm’) of juice/fruit were always in
closed relationship to sound fruits born on the southern limbs
of Tanarif tree irrigated after depleted 25 % AW.
Meanwhile, the reverse was found with creased fruits
produced by Tanarif trees irrigated after depleted 75 % A.W.
and situated across the northern side of the periphery during
the study. Moreover, other combinations were in between the
aforesaid two extremes. Such trend was true during both
2002/2003 & 2003/2004 experimental seasons and
differences between all the abovementioned categories were
significant.
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IV.1.1.B- Fruit chemical properties:

In this respect, fruit juice TSS and acidity percentage,
as well as TSS/acid ratio, besides vitamin C of Tanarif
orange cultivar were _the investigated fruit chemical
characteristics in response to specific and interaction effects
of three studied factors (irrigation regime; geographical
direction and fruit status) and their combinations during both
2002/2003 and 2003/2004 experimental seasons, data
obtained are presented in Tables (7) and (8).

Fruit juice total soluble solids percentage (TSS %):

A- Specific effect:

Referring the specific effect of irrigation regime,
Table (7) reveals that irrigated Tanarif orange trees after 75
% depletion of available water had statistically the highest
value in total soluble solids percentage, while the reverse
was true with those irrigated after 25 % A. W. depletion.
Moreover, irrigation regime after 50 % A.W. depletion was
in between. Differences were significant as three irrigation
regimes were compared each other during both 2002/2003 &
2003/2004 seasons. The results of this study are in line with
El-Nokrashy et al., (1966-b) and Abd El-Metaal (1990) on
orange. Naguib (1978) mentioned that prolonged the
drought period increased total soluble solids in the juice of
Balady orange fruit. This may be attributed to moisture
content of fruit was much lower in the unirrigated trees for
long period, so the TSS content was relatively high. Ali &
Gobran (2002) on Washington navel orange, found that the
values of TSS were decreased by increasing soil moisture
level.
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Concerning the Tanarif fruit juice total soluble solids
content in response to specific effect of geographical
direction of the fruit bearer scaffold, Table (7) declares that
fruits situated across the southern side of tree periphery had
significantly higher juice TSS % as compared to those of the
northern side. Such trend was true during both 2002/2003
and 2003/2004 experimental seasons. These results were in
agreement with those of Fatma (2003), she mentioned that
fruits of the southern branches were the richest in their juice
TSS content.

With respect to the specific effect of fruit status
(sound & creased), Table (7) shows that sound fruits
exhibited statistically the highest value of total soluble solids
percentage as compared to creased fruits. However,
differences were significant with fruit status. Such trend was
true during 1% and 2™ experimental seasons. These results
were confirmed with that of Jones ef al., (1967), El-
Nokrashy (1969), Diab (1982) and Fatma (2003). They
pointed out that non-creased citrus fruits were higher in fruit
juice TSS %.

B- Interaction effect:

Table (7) reveals that Tanarif fruit juice TSS %
responded obviously to the interaction effect of various
combinations between irrigation regimes X geographical
direction x fruit status. Anyhow, the highest fruit juice TSS
% was always in closed relationship to such sound fruits
situated across both the northern and southern sides of the
tree periphery of Tanarif trees irrigated after depletion of 75
% A.W. during the two seasons of study. Meanwhile, the
reverse was found with the creased fruits on such limbs
directed towards the north of Tanarif trees irrigated after
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depletion 25 % A.W. Moreover, other combinations were in
between the aforesaid two extremes.

Fruit juice total acidity percentage:

A- Specific effect:

As for the response of Tanarif fruit juice total acidity
to the specific effect of irrigation regime on Tanarif fruit
juice total acidity %, the trend as shown from Table (7) took
the other way around as compared to that previously
detected with the fruit juice TSS %. Hence, the total acidity
% was continuously increased with raising the limit of
irrigation regime (percentage of depleted A.W.). In the same
time differences between acidity values in Tanarif fruit juice
of the trees in three treatments (25 %, 50 % & 75% A.W.)
were significant. However, reports in the literature on the
effect of irrigation on acidity of fruit juice are variable.
Hilgeman and Sharples (1970) working on Valencia orange
trees, Koo et al., (1974) working on lemon trees, Abd El-
Messih ef al., (1977) working on Washington navel orange,
Levy et al., (1978) working on grapefruit, Moreshet et al.,
(1983) working on citrus trees and Ali & Gobran (2002)
working on Washington navel orange, they found that the
acidity was increased by decreasing number of irrigation
(dry soil moisture treatments), which agree with the results
of the present study. While Swellem (1986) working on
Valencia orange, found that the highest acidity was obtained
by the wet treatment.

Referring the response of Tanarif fruit juice total
acidity (%) to specific effect of geographical direction the
trend as shown from Table (7) took the other way around as
compared to that previously detected with the fruit juice TSS
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%, Hence, the north situated fruits exhibited relatively higher
acidity % over those of the southern limbs. Differences were
significant during 1* and 2% seasons.

The present results regarding fruit juice acidity as
affected by geographical direction goes in line with those
previously reported by Fatma (2003) working on Hamlin
orange.

Nevertheless, Table (7) shows that fruit status
exhibited also its specific effect on fruit juice total acidity %,
whereas the Tanarif sound fruits exhibited statistically the
highest value of total acidity % as compared to creased
fruits. Such trend was true during 1% and 2™ seasons of
study. These results were confirmed by those of Jones ef al.,
(1967), El-Nokrashy (1969) and Diab (1982). They pointed
out that the non-creased citrus fruits had higher value of total
acidity % in the fruit juice.

B- Interaction effect:

Regarding fruit juice acidity of Tanarif fruits as
influenced by interaction effect of various combinations
between three investigated factors (irrigation regime X
geographical direction x fruit status), Table (7) displays that
differences were noticeably less pronounced as compared to
those exhibited in juice TSS %. On the other hand, it could
be generally observed the superiority of sound fruits located
across both northern and southern branches of Tanarif trees
irrigated after depletion of 75 % A.W. pertaining the higher
level of their juice acidity during both 2002/2003 and
2003/2004 seasons. The opposite was found by creased fruits
of Tanarif trees irrigated after depletion of 25 % A.W.,
especially those facing the geographical north direction.
Moreover, other combinations were in between the aforesaid
two extents.
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Fruit juice TSS/acid ratio:

A- Specific effect:

Concerning the specific effect of irrigation regime on
fruit juice TSS/acid ratio in Tanarif orange cultivar, data
presented in Table (8) display that the average values in the
first and second seasons increased by irrigation after
depletion of 75 % A.W. In addition, irrigation after depletion
of 25 % or of 50 % A.W. greatly decreased the fruit i juice
TSS/acid ratio during the study. Abd El-Metaal (1990) on
citrus found that the average values of fruit juice TSS/acid
ratio increased by decreasing the number of irrigation.

As for the specific effect of geographical direction
(north & south), Table (8) shows that the situated fruits on
southern sides of tree periphery had statistically higher
TSS/acid ratio as compared to those located within the
northern direction during both seasons of study. The
obtained result is in general agreement with the findings of
Fatma (2003) who found that TSS/acid ratio of fruits
situated in southern branches were the richest.

Regarding the specific effect of fruit status (sound &
creased), data in Table (8) showed that juice of sound fruits
had higher TSS/acid ratio than did creased one. These results
were in disagreement with those of Jones et al., (1967),
Salama (1979) and Diab (1982) they found that the juice of
creased orange fruit contained higher soluble solids to acid
ratio than that of sound fruits.
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B- Interaction effect:

Obtained data in Table (8) during both seasons
revealed that the specific effects of three investigated factors
(irrigation regime, geographical directions and fruit status)
on the interaction effect of their combinations. Hence, the
highest value was always in concomitant to the fruits (sound)
of the southern limbs of irrigated Tanarif trees after
depletion of 75 % available water. The reverse was true with
the creased fruits on northern limbs of Tanarif trees after
depletion of 25 % A.W. limb, which had seemed to be the
inferior. In addition, other combinations were in between the

aforesaid two extremes.
Fruit juice ascorbic acid (V.C.) content:

Vitamin C content as mg ascorbic acid per 100 ml
juice was investigated regarding the response to specific and
interaction effects of irrigation regime, geographical
direction of fruit carrier branches and fruit status as well as
their combinations. Data obtained during both 2002/2003
and 2003/2004 seasons are tabulated in Table (8).

A- Specific effect:

Referring the specific effect of irrigation regime
(irrigation after depletion of 25, 50 and 75 % A W.), on
vitamin C content Table (8) reveals that Tanarif trees
irrigated after depletion of 75 % A.W. were significantly
higher in their fruit juice V.C. content followed in a
decreasing order by both depletion of 50 % A.W. and 25 %
A.W. The results agree with those of El-Nokrashy ef al.,
(1966-b) on orange, El-Kassas (1972) on Balady orange and
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Abd El-Metaal (1990) on citrus, they found that V.C.
content in fruit juice of the orange trees was increased by
decreasing number of irrigation. While, Abd El-Messih et
al., (1977) working on Washington navel orange trees and
Swellem (1986) working on Valencia orange trees found that
the moderate level irrigation gave the highest V.C. content.

Regarding the specific effect of geographical
direction, Table (8) reveals that Tanarif fruits situated
towards the north were significantly higher in their fruit juice
vitamin "C" content as compared to those of opposite side
(south) during the two seasons of study. The obtained result
is in general agreement with the finding of Fatma (2003).

With respect to the specific effect of fruit status
(sound & creased) it is clear from Table (8) that sound fruit
of Tanarif orange juice contained higher value of ascorbic
acid content than did creased one. These results were
confirmed with that Jones et al., (1967), El-Nokrashy
(1969) and Diab (1982). They pointed out that the non-
creased citrus fruits had higher vitamin C value in thejr juice
as compared with creased one.

B- Interaction effect:

As for the interaction effect of various combinations
between irrigation regimes x geographical directions x fruit
status, Table (8) shows that the highest vitamin "C" content
was coupled with sound Tanarif fruits on the northern side of
trees irrigated after depletion of 75% A.W. Contrary to that
the least V.C. level was detected by creased Tanarif fruits,
especially those facing the south direction of trees irrigated
after depletion of 25 % A.W. during both seasons of study.
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IV.L.2- Creasing incidence in Tanarif fruits as
related to irrigation regime, localities
towards north & south direction and fruit
status:

In this regard level of creasing incidence (expressed
as a percentage of creased fruits) in Tanarif fruits in response
to specific and interaction effects of irrigation regime
(irrigation after depletion of 25, 50 & 75 % A.W.) and
geographical direction (north & south) were periodically
determined (4 times) along their developmental stages from
the last week of November till harvesting date February 28%
during 1% and 2“ seasons of study. Data obtained during
both 2002/2003 & 2003/2004 experimental seasons are
presented in Table (9).

A- Specific effect:

Referring the specific effect of irrigation regime i.e.,
(irrigation after depletion of 25, 50 & 75 % A. W.) the
depleted available soil water percentage at which rewatering
was carried out, it is quite clear to be noticed the negative
relationship between creasing percentage from one hand and
the percentage of depleted available water from the other.
Hence, the creasing percentage was continuously decreased
with raising the limit of irrigation regime (percentage of
depleted available water). Anyhow, Tanarif trees subjected
to the irrigation regime at 25 % depleted A.W. had
significantly the highest percentage of creasing fruit, while
the reverse was true with those irrigated after 75 % depletion
of A.W. Moreover, irrigation after 50 % depletion of A.W.
were in between. Differences were significant during the two
seasons of study.
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The abovementioned results agree with Miller and
Turnbull (1948) and Naguib (1978), they found that more
creasing percentage of fruits from irrigated than from un
irrigated trees and Grisson (1965-1966) who mentioned that
rind injury problems in citrus are probably nutritional
complicated by water relation. Also, Naguib (1978)
concluded that the highest irrigation rate was associated with
highest creasing. In addition, Ali & Gobran (2002) found
that soil moisture treatment increased significantly creasing
percentage, while the lowest value of creasing percentage
was observed at dry soil moisture treatment.

Concerning the specific effect of measuring date, data
obtained during 2002/2003 & 2003/2004 seasons, it was so
clear to be noticed that creasing incidence in Tanarif fruits
was gradually increased with advancement of fruit
development. However, such increase in level of creasing
incidence took place gently throughout period of two
successive earlier measuring dates (Nov. 251 & Dec. 25),
but the rate of increase rose suddenly throughout Jan 258 &
Feb. 28" However, differences between four measuring
dates were significant as compared each other during two
seasons of study.

With regard to specific effect of geographical
direction of the fruits bearer branches towards either north or
south, data obtained during both seasons as shown from
Table (9) revealed that percentage of creased fruits on the
northern limbs was significantly higher than on the southern
ones. Such trend was true during both experimental
2002/2003 and 2003/2004 seasons.

The present results regarding the difference of
geographical north and south directions may be mainly due
to the direct influence of shading and flactuations exhibited
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in the relative humidity in both seasons of study. These
results could be related to an increase in the relative
humidity around the northern side of the tree, due to its
isolation from the solar radiation on the eastern side.

These results were in line with Coit and Hodgson
(1919), Webber (1937), Webber and Batchelor (1948),
Kuraoka (1962), El-Mahamoudi and Zorkani (1971),
Diab (1982) and Fatma (2003). They reported that the
northern side of the tree usually isolated from the solar
radiation. Moreover, the atmospheric humidity was relatively
high and induces than rinds at the northern side. Hence,
fruits creasing percentage in northern side was higher than in
the fruits on other sides. In addition, Smit, (1987) reported
that the most shaded fruits were worst affected.

B- Interaction effect:

As for the interaction effect of various combinations
between three investigated factors i.e., irrigation regime x
four measuring dates x two geographical direction (north &
south) during both 2002/2003 & 2003/ 2004 seasons on fruit
creasing percentage Table (9) displays that each investigated
factor reflected its own specific effect on the interaction
effect of their combinations. The highest percentage of
creased fruits were statistically in closed relationship with
the northern side of Tanarif trees that irrigated after
depletion of 25 % A.W. during February 28% measuring
date. However, southern side of Tanarif trees irrigated after
depletion of 75 % A.W. during 1% & 2 seasons through
measuring date of November 25®, showed the least creasing
%. Such trend was true during both experimental seasons. In
addition, other combinations are in between the aforesaid
two extremes.
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IV.I.3-Nutritional status (leaf and fruit rind
mineral composition):

In this concern, leaf and fruit rind N; P; K; Ca; Mg;
Fe; Mn; Zn and Cu contents of Tanarif orange cv. were
investigated pertaining the response to specific effect of
three investigated factors i.e., irrigation regime (after
depletion of 25, 50, 75 % A.W.), fruit status regarding the
creasing incidence (sound & creased) from which rind and
adjacent leaves were sampled from either northern or
southern sides (geographical direction) of tree canopy.
Besides, interaction effect of various combinations between
irrigation regime, geographical direction and fruit status
were also concerned and data obtained during both
2002/2003 and 2003/2004 experimental seasons are
presented in Tables (10); (11); (12); (13); (14); (15); (16);
(17) and (18).

Leaf and fruit rind nitrogen content (N %):

Data obtained during both 2002/2003 and 2003/2004
seasons are presented in Table (10).
~ A- Specific effect:

Table (10) displays that leaf and fruit rind N % was
responded specifically to each of the three investigated
factors. Hence, irrigated Tanarif trees after 75 % depletion of
available water had statistically the richest leaves and fruit
rind in their N content, while the reverse was true with those
irrigated after 25 % depletion of A.W. Moreover, irrigation
regimes after 50 % A.W. depletion was in between.
Differences were significant as three irrigation regimes were
compared each other during 2002/2003 and 2003/2004
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seasons. A similar observation has been reported by
Labanuskas ef al., (1966) found that the uptake of N
decreased by increasing irrigation treatments. Also, such
results are in general agreement with those previously
reported by Gowda, (1998); Hassan (1998), Laze et al.,
(1999) and Osman, (2004) on olive regarding the influence
of irrigation regime. In addition, El-Tomi (1954), Koo et al.,
(1974), Swellem (1986), Abd El-Metaal (1990) and Ali &
Gobran (2002), all found that, N content tended to increase
by increasing soil moisture levels.

With regard to the specific effect of geographical
direction (north & south), Table (10) displays that both
leaves and fruit rind situated across the northern side of the
tree periphery had significantly higher N % as compared to
those of the southern side. Such trend was true during both
2002/2003 and 2003/2004 experimental seasons.

Concerning the specific effect of fruit status (sound or
creased), it is quite evident that rind of creased fruits and
leaves adjacent to them were richer in their N content. Such
trend was true during both seasons of study and differences
were significant. These results were in agreement with the
known effect of nitrogen in producing thicker and rough rind
of fruits (Webber and Batchelor, 1948). Orange fruit with
thicker rind was not easily creased. (Reitz and Koo, 1960
and Embleton ef al., 1973).

Diab (1982) found that dried peel of creased Egyptian
Balady orange fruit contained lower nitrogen than sound
ones. In addition sound fruit and sound rind areas from
creased fruit of Egyptian Balady orange contained the
highest nitrogen than did sound Hamlin orange fruit rind,
whereas sound Shamouti orange peel being intermediate.
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Moreover, Fatma (2003) found that rind of creased
fruits and leaves adjacent them were richer in their N content
as compared to sound ones.

B- Interaction effect:

As for the interaction effect of various combinations
between three studied factors involved in this study i.e.,
irrigation regime, geographical direction & fruit status,
Table (10) shows that the response was representative of
direct reflection of specific effect of each factor. Hence, with
leaves the richest ones were those adjacent to creased fruits
born on limbs towards the north side of Tanarif trees
irrigated after depletion of 75 % available water, while the
contrary was found with Tanarif sound fruits in south side of
Tanarif trees irrigated after depletion of 25 % A.W. during
the two seasons of study. In addition, other combinations
were in between the abovementioned two extremes.

Leaf and fruit rind phosphorus content (P %):

A- Specific effect:

Referring the specific effect of irrigation regime
treatments, it is quite clear the trend of response took the
other way around as compared to that previously detected
with phosphorus (Table 11). Hence, the richest leaf P and
fruit rind was always in concomitant to the irrigated Tanarif
trees after depletion of 25 % A.W., while the reverse was
true with those exposed to the reversed water stress (75 %
A.W. depletion). Other regime (50 % A.W. depletion) was in
between and differences were significant with comparing the
three investigated irrigation regimes each other during both

seasons of study. The results agree with those of Lehav and
Doichev (1983); El-Sammak (1984); Swellem (1986) and
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Abd El-Metaal (1990), who reported that the irrigation
intervals were correlated negatively with phosphorus leaf
content. On the contrary, Hilgeman and Sharples (1957)
and Labanuskas ef al., (1966) found that irrigation did not
affect phosphorus content in leaves. Also, the results are in
un-congeniality with the findings of previously detected by
Zahran et al., (1987); Nomir, (1994); Abd El-Samed,
(1995); Hassan (1998); Gowda (1998); Laz et al., (1999);
Moustafa (2002) and Osman (2004) regarding the effect of
irrigation regime on olive P content,

Concerning the specific effect of geographical
direction (north & south), Table (11) reveals that Tanarif
leaves and fruit rind situated towards the north were
significantly higher in their leaf and fruit rind phosphorus
content as compared to those of the opposite side (south)
during 2002/2003 and 2003/2004 experimental seasons.

With regard to the specific effect of fruit status (sound
& creased) from which and the adjacent to it fruit peel and
leaves were sampled, respectively for determining P
contents, data obtained during both seasons as shown from
Table (11) declared that both organs (leaf & peel), didn't
follow the same trend. Since, leaf P didn't responded to fruit
status during two seasons of study. However, with the fruit
peel P % the response was more pronounced, whereas, the
creased fruits had significantly the richest peel P content as
compared to the sound fruits. This finding was in line with
those obtained by Erickson (1957); Salama (1979); Diab
(1982) and Fatma (2003). They found that phosphorus was
higher in cracked Washington Navel, Balady orange and
Hamlin fruit rind than in sound one. Webber and Batchelor
(1948) mentioned that excessive phosphorus might lead to
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creasing or "Crinkle rind" in orange fruits. In addition,
Fatma (2003) found that both organs (leaf & peel) didn't
follow the same trend. Since, leaf P didn’t respond to fruit
status. However, with the fruit peel P % the response was
more pronounced, were as the creased fruits had
significantly the richest P content as compared to the normal
fruits.
B- Interaction effect:

Referring the interaction effect of the differential
combinations between three investigated variables (3
irrigation regime x 2 geographical directions x 2 fruit status),
on both leaf and fruit peel P content, data obtained during
both 2002/2003 and 2003/2004 seasons as shown from
Table (11) revealed that specific effect of each investigated
factor was directly reflected on its combinations. Hence,
with leaves, the sampled ones from those adjacent to sound
or creased fruits situated across the northern side of Tanarif
trees irrigated of after depletion of 25 % A.W. had
significantly higher leaf P content. The reverse was found
with leaves and peel nearer to the sound fruits situated across
the southern side of tree periphery irrigated after depletion
75 % A.W. during the study. Moreover, other combinations

were in between.
Leaf and fruit rind potassium content (K %):

A- Specific effect:

Table (12) shows the leaf and fruit peel K % content
of Tanarif cv. in response to specific effect of irrigation
regime (after depletion of 25, 50 & 75 % A.W.),
geographical direction (north & south) and fruit status
(sound & creased) from which rind and the adjacent leaves
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were sampled for determination during both 2002/2003 and
2003/2004 seasons. It is quite evident that, both plant organs
(leaf & peel) followed typically the same trend of response
which, was so firm and differences in K content were more
pronounced. Hence, the irrigated trees after the lightest
percentage of A.W. (25 %) had statistically the richest leaves
and peel fruit pertaining their K content. Thus, irrigation
regimes could be descendingly arranged as the rewatering
after depletion of 25 % A. W. ranked first, then irrigation
after depletion of 50 and 75 % A.W. In addition on the
contrary, irrigated trees after depletion of 75 % A. W. had
statistically the poorest leaf and fruit rind pertaining their K
content. Reports in literature on the effect of irrigation on K
content of tree leaves are available. Koo et al., (1974)
working on lemon fruit trees, El-Sammak (1984) working
on Washington navel orange trees and Abd El-Metaal
(1990), on some citrus trees, found that irrigation interval
negatively correlated with leaf K content, while Swellem
(1986) working on Valencia orange trees and Ali & Gobran
(2002) on Washington navel orange found that K content
was increased by increasing number of irrigation. Moreover,
the present results regarding the influence of irrigation
regime on leaf K % in magnitude with the findings of
Zahran ef al., (1987); Nomir, (1994); Abd El-Samed
(1995); Hassan (1998) Laz e al., (1999); Moustafa (2002)
and Osman (2004) on olive.

With respect to the specific effect of geographical
direction on leaf and fruit rind K content, Table (12) show
that northern limbs of Tanarif trees produced leaves and fruit
rind characterized by their higher value of K content as
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compared to those leaves and fruit rind situated on southern
side during the two seasons of study.

With regard to the specific effect of fruit status (sound
& creased) from which rind and the adjacent leaves were
sampled for determination during both seasons. It is quite
evident to be noticed that both plant organs (leaf and rind)
followed typically the same trend regarding the response to
specific effect of fruit status. Anyhow, peel of creased fruits
and the adjacent leaves characterized by their significant
higher K content as compared to the analogous ones of the
sound fruits. Such trend was true during both seasons for
fruit peel and the adjacent leaves.

The present results regarding the influence of fruit
status on the adjacent leaf and fruit peel K % is in magnitude
with the findings of Erickson (1957) on Washington navel
orange; Salama (1979) on Balady orange; Diab (1982) on
citrus sp. and Fatma (2003) on Hamlin cv. They reported
that potassium concentration in cracked fruit rind was higher
than sound one.

In addition, the obtained results regarding K content
as related to creasing incidence is in disagreement with the
finding of Embleton et al., (1980) who reported that higher
K content reducing creasing incidence. However, findings of
Storey and Treeby (2000) and Storey ef al., (2002) support
our result, they mentioned that higher K : Ca ratio is a
responsible for incidence of crease. The conflict in response
of K content to creasing incidence shows that farther study
is needed in this respect.

B- Interaction effect:

Table (12) reveals that leaf and fruit peel K content

responded obviously to the interaction effect of various
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combinations between irrigation regimes X geographical
direction x fruit status. Anyhow, the highest value of leaf and
fruit rind K content was always in concomitant to both peel
of creased fruits and leaves nearer to infected fruits situated
in southern periphery limbs of Tanarif trees irrigated after 25
% depletion A.W. during the two seasons of study. On the
contrary, peels of sound fruits and leaves nearer them of
southern side of Tanarif trees irrigated after depletion of 75
% A.W. showed statistically the least K level during both
seasons of study. Moreover, other combinations were in
between.

Leaf and fruit rind calcium content (Ca %)

A- Specific effect:

With regard to specific effect of the different factors
involved in this study i.e., irrigation regime, geographical
direction and fruit status on the leaf and fruit rind Ca content
from which fruit peel and nearer leaves were sampled, Table
(13) displays a significant response to each investigated
factor.

As for the specific effect of irrigation regime, data
obtained in from Table (13) displayed that, irrigation after
depletion of 25 % available water resulted significantly in
the highest Ca content in both fruit peel and leaves nearer to
them. In other words, leaf and fruit peel Ca content was
significantly ~decreased with rising the percentage of
available water depletion prior rewatering during two
seasons of study. The present results are in agreement with
the findings of Nomir, (1994); Moustafa (2002) and
Osman (2004) on olive.
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With regard the specific effect of geographical
direction (north & south), data in Table (13) revealed that
the situated fruits and adjacent leaves to them across the
southern side of the tree periphery had significantly richer
fruit rind and adjacent leaves in their calcium content as
compared to the analogous ones of northern side during both
2002/2003 and 2003/2004 seasons.

Concerning the leaf and fruit rind Ca content of
Tanarif trees as influenced by specific effect of fruit status
from which fruit peel and nearer leaves were sampled, Table
(13) reveals that a significant response, hence, fruit peel of
sound fruits and the nearer leaves to them were significantly
richer in their Ca content as compared to the analogous ones
of creased fruits. Such trend was true for both leaves and
fruits rind in both seasons of study.

This might be attributed to the fact that calcium is one
of cell walls and middle lamella constituents. Unfavorable
factors such as drought or irregular irrigation change calcium
compound from complicated state to simple and soluble
form (Marinos, 1962). Thus calcium content in the rind
decrease and causing the deterioration of cell walls
producing creasing.

The present result regarding the negative relationship
between Ca content (leaf and fruit rind) and creasing
incidence is typically coincided with findings of Cutuli,
(1968); Salama (1979); Diab (1982); Michael et al.,
(2000); Storey and Treeby, (2000); Treeby et al., (2000);
Storey et al., (2002) and Fatma (2003). They found that
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calcium content was significantly lower in cracked fruit peel
as compared to sound one.
B- Interaction effect:

Concerning the interaction effect of various
combinations between irrigation regime x geographical
direction x fruit status on fruit rind and leaf Ca contents,
Table (13) displays significant variations. Anyhow, the
highest value of leaf and fruit rind Ca content were closely
coupled to sound fruits and the adjacent leaves in south side
of Tanarif trees irrigated after depletion of 25 % available
water. The reverse was true with peel of creased fruits and
leaves sampled nearer to those creased fruits in north side of
Tanarif trees irrigated after depletion of 75 % A.W. during
two seasons of study. In addition, other combinations were

in between the aforesaid two extremes.
Leaf and fruit rind magnesium content (Mg %)

A- Specific effect:

As for the specific effect of irrigation regime, Table
(14) displays that both leaf and fruit rind magnesium content
reacted obviously during both 2002/2003 and 2003/2004
experimental seasons. Hence, a gradual reduction in both
leaf and fruit peel magnesium content was detected with
rising the percentage of available soil moisture depleted just
before rewatering had been carried out. Such trend was true
during both seasons and differences were significant as both
leaf and fruit peel Mg content of a given irrigation regime
were compared to the analogous ones of the two other
irrigation systems. The present results are in agreement with
the findings of Zahran et al., (1987); Nomir, (1994) and
Moustafa (2002) regarding the influence of soil moisture on
olive leaf Mg content.
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Meanwhile, the Tanarif frujt peel and leaf Mg content
was  significantly responded to the specific effect of
geographical direction towards which the fruits and leaves
approached to their carrier branches were directed. Hence,
the fruits peel and leaves of southern half of tree periphery
had the highest value of both fruit peel and leaf Mg content
as compared to those of the northern canopy  side.
Differences were significant during both seasons of study.

Nevertheless, as the specific effect of fruit status
(sound & creased) was concerned, Table (14) shows that
peel of creased fruits and leaves approached them were
relatively richer in their Mg content as compared to the
analogous ones of the sound fruits. However, differences
were significant during the two seasons of study.

The obtained results regarding the positive correlation
between Mg level (in both fruit peel and leaves) and creasing
incidence goes generally with the findings of Storey and
Treeby, (2000) and Storey et al., (2002). They
demonstrated that rind of creased fruits had higher albedo
Mg: Ca ratio.

B- Interaction effect:

Referring leaf and fruit rind Mg % as related to the
interaction effect of various combinations between three
irrigation regime (after depletion of 25,50 & 75 % AW),
two geographical direction (north & south) and two fruit
status (sound & creased), Table (14) shows that however,
variances were relatively less pronounced but it could be
generally detected that rind of creased fruits and leaves
adjacent them in southern side for Tanarif orange trees
irrigation after depletion of 25 % A.W. were the richest in
their Mg content. Such trend was true during both seasons
for two plant organs in both seasons of study. On the
contrary, peels of sound fruits and the nearer leaves to them
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in northern side of Tanarif trees irrigated after depletion of
75 % available water were the poorest in their Mg content. In
addition, other combinations were in between the
abovementioned two extents.

Leaf and fruit rind iron content (Fe ppm).

A- Specific effect:

Regarding the leaf and fruit peel Fe content of Tanarif
cv. As affected by specific effect of three studied factors L
irrigation regime, geographical direction (north & south) and
fruit status (sound & creased) from which rind and adhered
to them leaves were sampled respectively, Table (15)
displays that, leaf and fruit peel Fe ppm was gradually
increased with increasing the percentage of available water
depletion prior rewatering had been applied. Herein,
irrigated Tanarif orange trees after depletion of 75 %
available water had statistically the richest leaves and fruit
peel Fe ppm content, while the reverse was true with those
irrigated after 25 % A.W. depletion. Moreover, irrigation
regime (after 50 % A.W. depletion) was in between.
Differences, were significant as 3 irrigation regimes were
compared each other during both 2002/2003 and 2003/2004
seasons.

The present results are in agreement with the findings
of Ali & Gobran (2002) on Washington navel orange trees,
Nomir, (1994) in persimmon and Osman (2004) on some
olive cultivars, regarding the influence of soil moisture on
leaf Fe content. They found that leaves of dry soil moisture
treatment had the highest value of leaf Fe content.
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As for the specific effect of geographical direction on
the leaf and fruits bearer scaffolds, Table (15) declares that
leaves and fruits situated across northern side of the tree
periphery had significantly higher value of leaf and fruit peel
Fe ppm contents as compared to those of the southern side.
Such trend was true during 2002/2003 and 2003/2004

experimental seasons.

As for the specific effect of fruit status from which
rind and adhered to them leaves were sampled respectively,
Table (15) displays that fruit peel of sound fruits and nearer
leaves to them were significantly richer in their Fe content as
compared to the analogous ones of creased fruits. Such trend
was true during both seasons of study.Present results of Fe
content in response to fruit status are in agreement with

finding of Fatma(2003) on Hamlin orange trees.
B- Interaction effect:

Concerning the interaction effect of various
combinations between irrigation regime, geographical
direction and fruit status on fruit rind and leaf Fe content,
Table (15) displays significant variations. Anyhow, the
highest leaf and fruit rind Fe content were closely coupled to
sound fruits and the adjacent leaves in north side of Tanarif
trees irrigated after depilation of 75 % A.W. The reverse was
true with sampled fruit peel of creased fruits and leaves
nearer to them for Tanarif trees irrigated after depletion of 25
% available water. In addition, other combinations were in
between the aforesaid two extremes.
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Leaf and fruit rind manganese content (Mn ppm).

A- Specific effect:

Regarding the specific effect of irrigation regime,
geographical direction and fruit status on fruit peel and
adjacent leaves Mn content, Table (16) clearly shows that
fruit rind and leaves Mn content was gradually increased
with increasing the percentage of available water depletion
prior rewatering had been applied. Herein, irrigated Tanarif
trees after 75 % depletion of available water had statistically
the richest leaves and fruit rind Mn content, while the
reverse was true with those irrigated after 25 % A.W.
depletion. Moreover, irrigation regime after 50 % AW.
depletion were in between. Differences, were significant as
three irrigation regimes were compared each other during
both 2002/2003 and 2003/2004 seasons.

The present results regarding the influence of
irrigation regime on both fruit rind and leaves adjacent to it
on Mn content are in general agreement with that previously
reported by Ali & Gobran (2002) on Washington navel
orange, Nomir, (1994) in persimmon and Osman (2004) on
some olive cultivars. They mentioned that leaves of dry soil
moisture treatment had the highest value of leaf Mn content.
However, Moustafa, (2002) found that Mn level didn't
influence by soil moisture.

Meanwhile, the Tanarif fruit peel and leaves adjacent
to it Mn content was significantly responded to the specific
effect of geographical direction towards which fruits and
nearer leaves carrier branches were directed. Hence, the
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fruits and leaves adjacent to it of the southern half of tree
periphery had the highest value of fruit peel and leaf Mn
content as compared to those of the northern canopy side.
Differences were significant during both seasons.

Table (16) displays that leaf and fruit peel Mn
contents responded obviously to the specific effect of fruit
status from which rind and the adjacent leaves were
analyzed. Anyhow, peel of sound fruit and leaves adjacent to
it were statistically higher in their Mn content as compared
to the analogous samples of creased fruits. Such trend was
true during both seasons of study for two plant organs (fruit
peel & leaf).

The obtained results regarding the influence of fruit
status on fruit peel and leaves Mn content s in harmony with
that found by Fatma (2003) on Hamlin orange cultivar.

B- Interaction effect:

Concerning the interaction effect of various
combinations between 3 irrigation regimes (after depletion
of 25 %, 50 % & 75 % A.W.), geographical direction (north
& south) and fruit status (sound & creased), data obtained
during both seasons as shown from Table (16) revealed that
fruit peel of and sound fruits adjacent leaves situated in
southern branches of irrigated Tanarif trees after depletion of
75 % A.W. were statistically the richest in their Mn content.
However, rind of creased fruits and leaves nearer to them
situated in northern limbs of Tanarif trees irrigated after
depletion of 25 % A. W. exhibited the least Mn content.
Such trend was true during both 2002/2003 and 2003/2004
seasons with both analyzed plant organs (leaves & fruit
peel). In addition, other combinations were in between the
aforesaid two extremes.
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Leaf and fruit rind zinc content (Zn ppm).

A- Specific effect:

Concerning the response of leaf and fruit rind zinc
content to specific effect of three investigated factors
(irrigation regime, geographical direction and fruit status),
Table (17) reveals that the same trends previously discussed
with iron and manganese were also detected for fruit rind
leaf Zn content. Hence, a noticeable increase was linked with
the Tanarif trees irrigated after depletion of 75 % available
water. Variance was significant as fruit rind and leaf Zn
content of irrigated trees after depletion of 75 % A.W. was
compared to that of the analogous ones irrigated either after
depletion of 25 or 50 % A.W. during both 2002/2003 and
2003/2004 experimental seasons.

This result is in agreement with the findings of
Labanuskas ef al., (1966) who found that the uptake of Zn
in Washington navel orange seedling was decreased by
irrigation treatments, Khalidy and Nayyal (1973) working
on Eureka lemon leaves found that the irrigation interval was
negatively correlated with leaf Zn levels. In addition, El-
Morshedy and Haggag (1997) reported that decreasing
irrigation water increased leaf Zn content. Moreover, Ali &
Gobran (2002) found that leaves of dry soil moisture
treatment had the highest value of leaf Zn content of
Washington navel orange trees.

As for the specific effect of fruits and adjacent leaves
localities across the tree periphery towards both northern and
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southern direction, Table (17) shows obviously that fruit
rind and adjacent leaves of northern half of tree canopy were
richer in their zinc content as compared to those of the
southern hemisphere during both seasons of study.
Differences were significant during both seasons with either
leaf or fruit rind.

Meanwhile, as the fruit status (sound and creased) and
nearer leaves, it is quite clear that trend of response was so
firmer and rind of sound fruits and leaves nearer to them
were statistically richer than the analogous organs related to
the creased fruits. Such trend was true during both
2002/2003 and 2003/2004 seasons.

Findings of Fatma (2003) gave support 1o trend of
response detected from the present study concerning the
specific effect of fruit status on Zn content.

B- Interaction effect:

The specific effect of each studied factors (irrigation
regime, geographical direction and fruit status) was directly
reflected on their combinations. So, the highest zinc level in
both leaf and fruit rind was always in concomitant to peel of
sound fruits and adjacent leaves born on the limbs towards
the northern side of tree canopy of Tanarif trees irrigated
after depletion of 75 % available water. The reverse was true
with the rind of creased fruits and adjacent leaves located
towards the southern side of Tanarif trees irrigated after
depletion of 25 % A.W. during 1 and 2™ seasons.
Moreover, other combinations were in between the aforesaid

two extremes.
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Leaf and fruit rind cupper content (Cu ppm).

A- Specific effect:

Concerning the specific effect of irrigation regime,
Table (18) displays that both fruit rind and adjacent leaves
cupper content of Tanarif trees was gradually increased with
increasing the percentage of available water depleted prior
rewatering had been applied. Herein, irrigated Tanarif trees
after depletion of 75 % of available water had statistically
the richest fruit rind and adjacent leaves cupper content,
while the reverse was true with those irrigated after 25 %
A.W. depletion. Moreover, irrigation regime after 50 %
A.W. depletion was in between. Differences were significant

as three irrigation regimes were compared each other during
both 2002/2003 and 2003/2004 seasons.

Such results are in general agreement with those
previously reported by Zahran et al., (1987), on some olive
cultivars and Nomir, (1994) in persimmon leaves. They
found that the reduction in soil moisture level caused an

increase in concentration of Cu content.

Referring the response of fruit rind and adjacent
leaves cupper content to the specific effect of geographical
direction towards which the fruits and leaves carrier
branches were directed, data obtained during both seasons as
shown from Table (18) pointed out that Cu content in both
fruit rind and nearer leaf followed the same trend. In this

regard, fruit rind and leaf Cu contents were significantly
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influenced by the geographical direction, whereas, Tanarif
fruits and adjacent leaves borne on limbs towards the south
had the highest value of cupper content over those facing the
opposite direction (north) during both seasons of study.

With regard to specific effect of fruit status (sound or
creased) on leaf and fruit rind Cu content of Tanarif orange
cv., data presented in Table (18) display that peels of
creased fruits and leaves approached them were significantly
richer in their Cu content as compared to the analogous ones
of the sound fruits. Such trend was true during both seasons
of study. In this concern, Fatma (2003) showed that peel of
creased fruits and adjacent leaves contained higher level of
Cu as compared to those of analogous ones of sound fruits.
However, the increase in Cu content in most cases was in
significant.

"

B- Interaction effect:

Table (18) displays that both leaf and fruit rind of
creased fruits sampled from the southern side of tree canopy
and irrigated after depletion of 75 % available water
exhibited statistically the highest Cu level during both
seasons of study.

The reverse was observed with both sound fruit rind
and adjacent leaves situated in northern side of tree canopy
which irrigated after depletion of 25 % available water in
both seasons. In addition, other combinations were in
between the aforesaid two extremes.
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IV.II- Second Experiment: Effect of (GA;; P; K)
foliar spray in combination with application
date and geographical direction on Tanarif
sweet orange cultivar:

In this regard specific and interaction of four
investigated factors namely, a) foliar spray treatments (GA;
at 40 ppm, GA; at 40 ppm + P at 200 ppm, GA; at 40 ppm +
K380 at 3 %, GA; at 40 ppm + P at 200 ppm + K,S0, at 3
%) ; b) geographical direction (north & south); ¢) fruit status
(sound & creased), d) date of application (June & July) as
well as their combinations were investigated pertaining the
response of fruit qualities, (physical & chemical properties);
creasing incidence and nutritional status (leaf & rind mineral
compositions) of Tanarif orange trees were investigated
during both 2002/2003 & 2003/2004 experimental seasons.

IV.IL.1-Fruit quality:

Data obtained during both experimental seasons
2002/2003 and 2003/2004 regarding the specific effect of
four investigated factors involved in this study i.e., foliar
spray treatments, geographical direction, fruit status and
application date as well as interaction effect of their possible
combinations are presented in Tables (19); (20); (21); (22);
(23) and (24).

IV.IL.1.A- Fruit physical properties:

Average fruit weight; size, dimensions (polar &
equatorial diameters); fruit peel thickness, rind weight and
fruit juice weight, volume, of Tanarif fruits were investigated
in response to specific and interaction effects of different
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foliar spray treatments, geographical direction (north &
south); fruit status (sound & creased) and date of application
(June & July) as well as their combinations. Data obtained
during both seasons are presented in Tables (19); (20); (21)
and (22).

Average fruit weight (g) and size (cm’):

A- Specific effect:

Referring the specific effect of foliar spray treatments
on fruit weight (g) and size (cm’), it is clear from the present
results in Table (19) that four foliar spray treatments
increased significantly both fruit parameters, however they
varied obviously in their effect during 2002/2003 and
2003/2004 experimental seasons. On the other hand, Ts (GA3;
at 40 ppm + P at 200 ppm + K,SO4 at 3 %) resulted
significantly the greatest value of both fruit weight and size
followed in a descending order by T, (GA; at 40 ppm) foliar
spray treatments. The Ty (GA; at 40 ppm + K;S04 at 3 %)
came in the third class; meanwhile the Ty (GA; at 40 ppm +
P at 200ppm) appeared to be less effective than the
abovementioned ones. These observations are in accordance
with those obtained by Franciosi and Ponce (1970), they
reported that spraying Washington navel orange trees at the
flower bud stage or at petal fall with 10, 100 or 1000 ppm
GA produced larger fruits than the control and disagree with
the findings of Coggins and Hield (1958) and Deidda
(1971), they reported that GA did not affect orange fruit
weight. Moreover, Randhawa and Dhuria (1965) on lime
trees and Jakson (1968) on lemon trees, they included that
GA increased fruit size. On the contrary, Ashkenazy and
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Broch (1971) mentioned that spraying celementine trees
with 25 to 30 ppm GA at flowering decreased fruit size.

In addition, Goepfert et al., (1987) on Valencia
orange, Rabeh and Sweelam (1990) on mandarin, Sobral ef
al., (2000) on orange and Ali and Gobran (2002) on
Washington navel orange trees indicated that potassium
increased fruit weight and fruit size.

Concerning the specific effect of fruits localities
across the tree periphery towards both northern and southern
geographical direction, Table (19) shows obviously that
fruits of northern half of tree canopy had significantly
heavier fruit with larger size as compared to those of the
southern hemisphere during the two seasons of study. These
results are in general agreement with the findings of Fatma
(2003) on Hamlin cultivar. She found that northern half of
tree canopy induced fruits significantly higher in their
average fruit weight and size as compared to those of
southern limbs.

Regarding the specific effect of fruit status (sound &
creased), it is so clear that sound Tanarif fruits had heavier
fruit and larger size as compared to those of creased fruits
during both seasons of study. These results were in
disagreement with those of Miller (1945) who stated that
small mature fruits were more subjected to creasing than
large ones. Salama (1979) and Fatma (2003) reported that
value of weight and volume less in cracked Balady orange
fruits and Washington navel orange than sound ones,
respectively.

As for the specific effect of application date (June &
July) on fruit weight and size, it could be noticed from data
in Table (19) that July application significantly effective to
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increase in both fruit weight and size than the June
application during the two seasons of study.
B- Interaction effect:

Regarding the interaction effect of various
combinations between four investigated factors i.e., foliar
spray treatments, geographical direction, fruit status and date
of application on both fruit weight and size, data obtained
during both 2002/2003 and 2003/2004 seasons Table (19)
displays that each investigated factor reflected its own
specific effect on the interaction effect of their combinations.
Hence, the heaviest fruit of the greatest size were coupled
with those sound fruits situated within the northern limbs of
Tanarif trees sprayed in July with the Ts (GA; at 40 ppm + P
at 200 ppm + K,80;4 at 3 %) during two seasons of study
followed statistically by sound ones of southern side on
sprayed trees with same treatment and date. Contrary to that,
creased fruits borne on either southern or northern scaffolds
of Tanarif trees sprayed with water (control) followed by
these of T3 (GA; at 40 ppm + P at 200 ppm) had statistically
the lightest fresh weight and size during 1# and 2" seasons
of study. In addition, other combinations were in between
the aforesaid to extremes.

Fruit dimensions (polar & equatorial diameters):

A- Specific effect:

Referring the response of fruit dimensions i.e., fruit
height (polar diameter) and fruit width (equatorial diameter)
to the specific effect of the four factors involved in this study
i.e., foliar spray treatments with GA; solely or combined
with P or K or P and K treatments, geographical direction
(north & south), fruit status (sound & creased) and date of
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application (June & July). The specific effect of different
foliar treatments, it is quite evident from data obtained from
Table (20) that the four investigated foliar treatments
significantly increased both dimensions as compared with
control, but varied as they were compared each other. On the
other hand, the Ts (GAs at 40 ppm + P at 200 ppm + K580,
at 3 %) resulted significantly in the greatest values of both
fruit height and diameter followed statistically in a
decreasing order by the T, (GA; at 40 ppm) foliar spray
treatments which ranked statistically second. Moreover, both
T; (GA; at 40 ppm + P at 200 ppm) and T4 (GA3 at 40 ppm +
K,SO; at 3 %) foliar spray treatments came third and
appeared to be less effective during 1# and 2™ seasons.

The present results are in agreement with those found
by Ibrahim et al., (1994) on Washington navel orange,
Kaur et al., (1997) on Kinnow mandarin and Marzouk and
Kassem (2002) on Balady mandarin. They noticed that both
fruit length and diameter exhibited the highest values of both
fruit diameter after spraying with GA;. Also, El-Deeb (1989)
found that K,SO, foliar sprays increased fruit dimensions
(especially diameter) of both Washington navel orange and
Valencia orange.

Concerning the response of fruit dimensions i.e., fruit
height and width to specific effect of geographical direction
towards which the fruits carrier branches were directed, data
obtained during both seasons as shown from Table (20)
pointed out that both fruit dimensions (height & width) was
significantly influenced by the geographical direction,
whereas Tanarif fruits born on limbs towards the north had
an obvious taller height and width over those facing the
opposite direction (south) during 1% and 2% seasons of study.
The results go partially with findings of Fatma (2003) on
Hamlin cultivar.

With regard to the specific effect of fruit status (sound
& creased), data obtained in Table (20) showed that sound
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Tanarif fruits had longer height and width of fruits as
compared with creased fruits during the two seasons of
study. The present results regarding the effect of fruit status
on fruit dimensions (polar & equatorial) in magnitude with
findings of Salama (1979) and Diab (1982). They pointed
out that values of the fruit dimensions (height & width) were
less in cracked Balady orange than sound fruits.

Regarding the specific effect of date of application
(June & July) on fruit dimensions (polar & equatorial
diameters) values, it could be noticed from data in Table
(20) that July application date resulted in a significant
increase in fruit dimensions than June application date
during the study.

B- Interaction effect:

Table (20) indicates a significant variance due to
interaction effect of various combinations between foliar
Spray treatments, geographical direction (north & south),
fruit status (sound & creased) and date of application (June
& July) on fruit dimensions (height and width). Data in
Table (20) displayed that the trend of response was so firm
with both fruit height and width. On the other hand, it could
be generally noticed the superiority of both fruit dimensions
of Tanarif trees, expressed as polar and equatorial diameters
during 1* and 2" seasons. Herein, sound fruits on the
northern limbs of Tanarif trees sprayed with the Ts (GA; at
40 ppm + P at 200 ppm + K,SO4 at 3 %) in July, induced
fruits with the tallest height and width during 2002/2003 and
2003/2004 seasons. However, the opposite was found with
creased fruits of southern limbs on Tanarif trees sprayed
with water (control) regardless of date of application during
the two seasons of study. In addition, other combinations
were in between the aforesaid two extremes.
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Fruit rind thickness (mm) and weight (g):

Concerning the specific and interaction effects of four
investigated factors (foliar spray treatments; geographical
direction; fruit status and date of application) as well as their
combinations on rind thickness and its weight per fruit, data
obtained during both 2002/2003 and 2003/2004 seasons are
presented in Table (21).

A- Specific effect:

With regard to specific effect of foliar spray
treatments, data obtained during two seasons displayed that
the response of both parameters peel (thickness and
weight/fruit) followed typically the same trend. Whereas, the
four investigated foliar spray treatments significantly varied
in this concern as they were compared to control during
2002/2003 and 2003/2004 seasons. On the other hand, the Ts
(GA; at 40 ppm + P at 200 ppm + K,S04 at 3 %) resulted
significantly in the greatest values of both rind thickness and
weight followed in decreasing order by T, (GA; at 40 ppm +
K,80, at 3 %); T3 (GA; at 40 ppm + P at 200 ppm) and T,
(GA; at 40 ppm) foliar spray where three treatments ranked
statistically 2" from one hand and showed the same
effectiveness from the other.

The present results are in agreement with those found
by Coggins (1968-69) on Washington navel orange,
Gilfilian ef al., (1974) and Naguib (1978) on Balady orange
fruit, they reported that GA increased rind thickness and
disagree with Deidda (1971) who mentioned that spraying
Washington navel orange trees at full bloom with GAs,
reduced rind thickness. Regarding the effect of P foliar spray
treatment as fruit peel thickness in magnitude with the
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findings of Bauma (1961) on Washington navel orange, De-
Viliers (1968-1969), Till ef al., (1969) and Lou and Yin
(1986). They reported that P application increased the rind
thickness. On the contrary, Rosselet ef al., (1962) and
Ogaki et al., (1966) reported that P application reduced rind
thickness on orange and Unshiu fruits. Also, Bar-Akiva et
al., (1968) came to the same conclusion in grapefruit. In
addition, the present result regarding the effect of potassium
application on fruit peel thickness, corresponding literature
indicated that potassium application increased peel
thickness. In (1966) Embleton and Jones mentioned that
increasing K level in orange and grapefruit generally
increased thickness of the rind. In the same time, Embleton
et al., (1967) found that an increase of K level in the range of
0.3 to 1.7 % resulted in thicker and coarser textured rind that
has subjected to delayed colour break and to more greening
also. In addition Goepfert et al., (1987) on Valencia orange
. Rabeh and Sweelam, (1990) on mandarin, Sobral et al.,
(2000) on orange and Ali and Gobran (2002) on
Washington navel orange, they reported that potassium
application increased rind thickness.

Concerning the specific effect of geographical
direction (north & south) on both rind thickness and weight,
it could be noticed from data in Table (21) that the fruits of
the southern half of the tree periphery had the thickest and
heaviest rind as compared to those of the northern canopy
side. Differences were significant during 1% and. 2™ seasons
of study. These results were in harmony with the findings of
Fatma (2003). She found that fruits of the southern limbs
characterized by their abundant thickest and heaviest rind as

-155- RESULTS AND DISCUSSIONS



compared to those of the opposite side of tree and
differences were significant.

With regard to the specific relationship between
Tanarif fruit status (sound and creased) and its rind thickness
and rind weight, Table (21) shows that the creased fruit
characterized by its thinner and lighter weight rind, while the
reverse was observed with the sound fruits, which showed
thicker, and heavier weight rind. Such trend was true during
both seasons of study and differences in both rind thickness
and rind weight were significant. This result was in line with
the findings of Hass (1950), Jones et al., (1967), El-
Nokrashy (1969), Salama (1979), Diab (1982) and Fatma
(2003). They reported that peel of the creased and cracked
navel, Balady and Hamlin orange fruits were thinner than
that of sound fruits.

Concerning the specific effect of application date
(June and July), data as shown in Table (21) revealed that
July application significantly increased both peel thickness
and weight as compared to those fruits from June application
during two seasons of study.

B- Interaction effect:

As for the interaction effect of various combinations
between the four investigated factors (foliar  spray
treatments, geographical direction, fruit status and
application date), Table (21) shows that the trend of
response was so firm from one hand and reflected directly
the specific effect of each investigated factor from the other
side. In this regard, it was quite evident to be noticed that
both thickest and heaviest rind of Tanarif fruit were
statistically coupled with the sound fruits situated within the
southern tree hemispheres of J uly sprayed trees with T5 (GA;
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at 40 ppm + P at 200 ppm + K,;S04 at 3 %) during two
seasons of study. Moreover, the thinnest and lightest rind
weight was always in closed relationship to the creased
Tanarif fruits borne on northern periphery side of water
sprayed Tanarif trees, regardless of application date during
2002/2003 and 2003/2004 seasons. In addition, other
combinations were in between the aforesaid two extremes,

Fruit juice weight (g) and volume (cm’):

Data obtained regarding the specific effect of foljar
Spray treatments, geographical direction, fruit status and date
of application, as well as interaction effect of their
combinations on both Juice weight and volume/fruit, are
presented in Table (22).

A- Specific effect:

Referring the specific effect of different spray
treatments, obtained data exhibited that both Juice weight (g)
and volume (cm’)/fruit followed typically the same trend of
response. Anyhow, it was quite clear that all four
investigated foliar Spray treatments resulted in an obvious
increase over control treatment in both juice weight (g) and
volume (cm®)/fruit during 1% and 2™ seasons.

Whereas, Ts (GA; at 40 ppm + P at 200 ppm + K,S0,
at 3 %) foliar spray treatment ranked s; gnificantly first in this
regard significantly, followed in a descending order by T,
(GA3 at 40 ppm + K550, at 3 %). However, both the T;
(GA3 at 40 ppm + P at 200 ppm) and the T, (GA; at 40 ppm)
came third class and appeared to be significantly less
effective than the abovementioned two superior ones and
showed the same effectiveness in both seasons of study. On
the contrary, water spray (control) treatment exhibited the
lowest values in this respect.
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These results were in agreement with those of
Coggins and Hield (1958) and Naguib (1978), they
mentioned that GA treatment increased the juice percentage
of Washington navel orange and some orange cultivars. On
the other hand, Coggins and Garber (1960) reported that
GA decreased the percentage of juice of Valencia orange
fruits. Gershtein (1973) reported that GA had no determined
effect on orange fruit quality. Moreover, El-Deeb (1989)
found that K H,PO, foliar spray increased fruit juice in both
Washington navel orange and Valencia orange.

In addition, findings of Goepfert ez al., (1987) on
Valencia orange, Rabeh and Sweelam (1990) on mandarin,
Sobral ef al., (2000) on orange and Ali & Gobran (2002) on
Washington navel orange, they indicated that potassium
increased fruit juice.

Concerning the Tanarif fruit juice weight (g) and
volume (cm’) in response to specific effect of geographical
direction (north & south) of the fruits bearer scaffolds, Table
(22) declares that fruits situated across the southern side of
tree periphery had significantly higher value of both juice
weight (g) and volume (cm3) as compared to those of the
northern side. Such trend was true during 1* and 2" seasons
of study.

The observation are in accordance with those
obtained by Fatma (2003) where, she pointed out that
southern limbs of Hamlin trees produced fruits characterized
by their abundant juice with heavier weight and greater
volume as compared to those fruits borne on northern side of
Hamlin orange trees.

With regard to the specific effect of fruit status (sound
& creased) on both juice weight (g) and volume (cm3) per
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Tanarif fruit, it could be noticed from data in Table (22) that
sound fruits resulted in a significant increase in both Jjuice
weight (g) and volume (cm®) per fruit than creased fruits
during 2002/2003 and 2003/2004 experimental seasons.

These results were in agreement with those of Diab
(1982), who mentioned that sound fruit contained higher
juice weight and greater juice volume than creased fruit of
Balady orange, Shamouti and Hamlin fruits.

Regarding the specific effect of the date of application
(June & July) on both juice weight (g) and volume
(cms)/fruit, it could be noticed from data in Table (22) that
July application caused a significant increase in both juice
weight and volume than June date of application during 1%
and 2" seasons of study.

B- Interaction effect :

As for the interaction effect of the four investigated
factors i.e., foliar spray treatments, geographical direction
(northern & southern), fruit status (sound & creased) and
date of application (June & July) on both juice weight (g)
and volume (cm’), data obtained during both 2002/2003 and
2003/2004 seasons are presented in Table (22). The
combination of sound fruits of southern limbs foliar sprayed
Tanarif trees in July with the Ts (GA; at 40 ppm + P at 200
ppm + K,S80; at 3 %); gave the heaviest Juice weight (g) and
highest volume (cm?) of juice/fruit. Meanwhile, the reverse
was found with creased fruits produced from Tanarif trees
sprayed with water (control) and situated across the northern
side of the periphery regardless of application date during
the two seasons of study. Moreover, other combinations
were in between the aforesaid two extremes,
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IV.ILLB- Fruit chemical properties:

In this concern, frujt Juice total soluble solids
percentage (TSS %), total acidity, TSS/acid ratio and vitamin
C content of Tanarif trees were the investigated fruit
chemical properties in Tesponse to various spray treatments
(GA; solely and/or combined with P or K), geographical
direction (northern & southern), fruit status (sound &
creased) and date of application (June & July) as well as
their combinations during both 2002/2003 and 2003/2004
experimental seasons, data obtained are presented in Tables
(23) and (24).

Fruit juice total soluble solids percentage (TSS %):

A- Specific effect:

Referring the specific effect of different foliar spray
treatments on TSS % of Tanarif fruits, data obtained in
Table (23) showed that the four investigated foliar spray
treatments significantly varied in this concern either they
were compared each other or with water spray (control). On
the other hand the Ts (GA; at 40 ppm + P at 200 ppm +
K,80; at 3 %) and T4 (GA; at 40 ppm + K,SO, at 3 %)
treatments increased significantly TSS 9 over control,
however the former treatment was statistically the superior.
Meanwhile, both T, (GA; at 40 ppm + P at 200 ppm) and T,
(GA3 at 40 ppm) foliar Spray (reatments came third class and
didn't significantly defect than water spray (control) during
1¥ and 2 seasons of study. In this respect, Coggins and
Hield (1958) reported that no significant differences in total
soluble solids were detected by GA treatments on navel
orange. On the other hand, Coggins and Garber (1960)
mentioned that K GA decreased total soluble solids in
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Valencia orange juice. Moreover, Coggins (1968-1969)
reported that GA did not affect juice quality. In addition,
Naguib (1978) found that total soluble solids in the juice of
Balady orange fruits increased with GA treatments. In
addition, Lou and Yin (1986) found that super phosphate
decreased fruit juice total soluble solids. In addition, Chu
(1963) on mandarin trees the TSS was increased with K
application, while Reese and Koo (1975-a) on Hamlin,
Pineapple and Valencia orange trees. They found that K
application reduced the total soluble solids percentage. Ali &
Gobran (2002) on Washington navel orange, sprayed
potassium succeeded in enhancing fruit TSS than soil
application or control treatments. On another point of view
Achilea et al., (1999) reported that accumulation of
carbohydrates and organic acids is highly dependent on
optimal photosynthesis and the intensity of which is related
to potassium status in the plant.

Concerning the Tanarif fruit juice total soluble solids
content in response to specific effect of geographical
direction (north & south) of bearer scaffold, Table (23)
declares that fruits situated across the southern side of tree
periphery had significantly higher juice TSS % as compared
to those of northern side. Such trend was true during both 1%
and 2% experimental seasons. These results were in
agreement with those of Fatma (2003).

Referring the specific effect of fruit status (sound &
creased), Table (23) shows that sound fruits exhibited
statistically the highest value of total soluble solids
percentage as compared to creased fruits. Differences were
significant with fruit status during the two seasons of study.
These results were confirmed with that of Jones ef al.,
(1967), El-Nokrashy ef al., (1966-a) Diab (1982) and
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Fatma (2003). They mentioned that non creased (sound)
citrus fruits were higher in TSS % in fruit juice,

As for the specific effect of the date of application
(June & July) on fruit juice tota] soluble solids percentage,
data in Table (23) pointed out that July application
significantly increased TSS % in fruit juice as compared to
June application during two seasons.

B- Interaction effect:
Concerning  the interaction  effect of various

the different combinations during two S€asons of study,
Anyhow, the highest fruit Juice TSS % was always in closed
relationship to such sound fruits of the southern limbs of
Tanarif trees Sprayed with the T, (GA; at 40 ppm + P at 200
ppm + K,S0, at 3 %) in July, Meanwhile, the reverse was
found with creased fruits of the northern tree hemispheres
and sprayed with water regardless of application date, Such

two extremes,

Fruit juice total acidity percentage:

A- Specific effect:
Concerning the specific effect of the different factors
involved in thjs study i.e., different foliar spray treatments;
geographical direction, fruit status and date of application on
fruit juice acidity percentage, data obtained in Table (23),
showed that frujt Juice total acidity % was significantly
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affected by some foliar spray treatments in both seasons.
Herein, foliar spray treatments with either Ts (GA; at 40
ppm + P at 200 ppm + K,S04 at 3 %) or Ty (GA; at 40 ppm
+ K,804 at 3 %) resulted in an obvious increase over
(control) treatment in fruit juice total acidity % on Tanarif
fruit during two seasons.

However, both T3 (GA; at 40 ppm + P at 200 ppm)
and T, (GA; at 40 ppm) did not significantly very than
control as compared to the other ones during the two seasons
of study. On the other hand, the Ts (GA; at 40 ppm + P at
200 ppm + K,S0; at 3 %) foliar application treatment ranked
statistically first in this regard, followed in a descending
order by the T4 (GA3 at 40 ppm + K,SOy, at 3 %), while both
GA, foliar spray solely or combined with P at 200 ppm (T
& T;) beside control ranked third during both seasons of
study.

The abovementioned results agree with Coggins and
Garber (1960) who mentioned that spraying Valencia
orange trees with K GA after full bloom increased total
acidity and (H) ions of the fruit juice. On the other hand,
Coggins and Hield (1968) on navel orange and Deidda
(1971) on Washington navel orange reported that GA did not
affect total acidity. In addition, fruit juice acidity as affected
by P foliar spray was decreased in both Washington navel
orange and Valencia orange (El-Deeb, 1989). Moreover,
Bar-Akiva (1975) on Valencia orange, found that potassium
fertilization increased juice acidity while Ali & Gobran
(2002) on Washington navel orange showed that potassium
spray tended to be more effective in enhancing significantly
fruit total acidity content than soil application or control
treatments.
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With respect to the response of specific effect of
geographical direction op Tanarif fruit Juice total acidity %,
the response as shown from Table (23) took the same trend
as compared to that previously noticed with the fruit juice
total soluble solids percentage. Hence, the north situated
fruits exhibited relatively higher acidity percentage over
those of the southern limbs. Differences were significant
during 2002/2003 and 2003/2004 seasons,

The present results regarding fruit juice acidity
percentage as affected by geographical direction goes in line
with those previously reported by Fatma (2003).

Referring the specific effect of frujt status (sound &
creased) data in Table (23) shows that fruit status exhibited
also its specific effect on fruit juice total acidity percentage,
whereas, the Tanarif sound fruits exhibited statistically the
highest value of total acidity percentage as compared to
those creased fruits, Such trend was trye during 1% gnd pnd
Seasons of study. These results were confirmed with that of
Jones et al., (1967), El-Nokrashy (1969) Diab (1982). They
reported that the sound citrys fruits had higher valye of total
acidity percentage in their fruit juice,

As for the specific effect of the date of application
(June & July) on fruit Juice total acidity percentage, data in
Table (23) pointed out that July application significantly
increased total acidity percentage in fruit juice as compared
to June application during two seasons.

B- Interaction effect:

As for fruit juice acidity percentage of Tanarif fruits
as influenced by interaction effect of various combinations
between four investigated factors (foliar spray treatments;
geographical direction; frujt status and date of application).
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Table (23) displays that differences were noticeably less
pronounced as compared to those exhibited in juice TSS %
On the other hand, it could be generally observed the
superiority of sound fruits located across both the southern
or northern branches of Tanarif trees sprayed with either T,
(GA; at 40 ppm + K,S0; at 3 %) or Ts (GA;3 at 40 ppm +
H;PO, at 0.1 % + K,S0, at 3 %) foliar Spray treatment in
July which had the highest value of tota] acidity % during
two seasons of study. The reverse was true with creased
fruits on southern limbs of treated trees with (GA; at 40
ppm) foliar spray in June, which seemed to be the inferior.

In addition, other combinations were in between the
above- mentioned two extremes during 2002/2003 and
2003/2004 seasons.

Fruit juice TSS/acid ratio:
A- Specific effect:

Referring the specific effect of the different foliar
Spray treatments geographical direction, fruit status and date
of application on TSS/acid ratio, Table (24), clearly shows
that TSS/acid ratio was significantly affected by different
foliar spray treatments in both seasons. The third treatment
(T3) ie., foliar spray with GA; 40 ppm + p 200 ppm
exhibited statistically the highest TSS/acid ratio during both
experimental seasons, descending followed by control (water
spray) which ranked statistically 2%, Moreover, both T, and
Ts i.e., foliar Spray with either GA; 40 ppm solely or (GA,
40 ppm + P 200 ppm + K,S04 3 %) had the same
effectiveness from statistical point of view from one hand
and ranked third from the other. On the contrary, the least
TSS/acid ratio was always in closed relationship to the foliar
application with (GA; 40 ppm + + K,S0, 3 %) from the
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statistical standpoint. Such trend was true during both
seasons of study. In this respect, Coggins and Garber
(1960) found that spraying Valencia orange trees at full
bloom with 37.5, 75, 150 and 300 ppm K GA increased
TSS/acid ratio. Kaur ef al., (1997) mentioned that TSS/acid
ratio of Kinnow mandarin fruits increased in all treatments
with GA; at 15 and 20 ppm applied during bloom and fruit
set compared with the control.

The present result regarding fruit juice TSS/acid ratio
as affected by KH,PO, goes in line with those previously
reported by El-Deeb (1989) on Washington navel orange
and Valencia orange. In addition, Reese and Koo (1975-a)
on Hamlin, Pineapple and Valencia orange trees, found that
K application reduced the TSS/acid ratio of fruit juice.
Moreover, Ali & Gobran (2002) mentioned that, the effect
of potassium spray treatment predominates the effect of soil
application and control.

, Concerning the specific effect of geographical
direction (north & south), Table (24) shows that the situated
fruits on southern sides of tree periphery had statistically
higher TSS/acid ratio as compared to those located within
the northern direction during both seasons of study. The
obtained result is in general agreement with the findings of
Fatma (2003).

With respect to the specific effect of fruit status
(sound & creased), data in Table (24) showed that juice of
creased fruits was higher TSS/acid ratio than did sound one.
This result may be pointed out that reached maturity earlier
in creased fruit than did sound fruit. These results are in
agreement with those of Jones ef al., (1967), Salama (1979)
and Diab (1982) they found that the juice of creased and
cracked orange fruit contained higher soluble solids to acid
ratio than that of sound fruits.

-169- RESULTS AND DISCUSSIONS



Regarding the specific effect of the date of application
(June & July) on TSS/acid ratio, data in Table (24) showed
clearly that the TSS/acid ratio was slightly during 1% and 2
seasons of study.

B- Interaction effect:

Obtained data during both seasons revealed that the
specific effect of four investigated factors (foliar spray
treatments; geographical direction; fruit status and date of
application) had been reflected directly on the interaction
effect of their combinations. Hence, the highest value of
TSS/acid ratio was to great extent in concomitant to the
fruits (sound & creased) of the southern limbs of sprayed
Tanarif trees with T i.e., GA; at 40 ppm + P 200 ppm in
both June & July during 2002/2003 and 2003/2004 seasons.
The reverse was true with the sound fruits on northern limbs
of Tanarif trees sprayed with GA; at 40ppm + K,S0, at 3 %
in July which had seemed to be the inferior. In addition,
other combinations are in between the aforesaid two
extremes.

Fruit juice V.C. "ascorbic acid" content:

Vitamin C content as mg ascorbic acid/100 ml juice
was investigated regarding the specific and interaction
effects of different foliar spray treatments, geographical
direction of fruit carrier branches, fruit status, date of
application as well as their combinations. Data obtained
during both 2002/2003 and 2003/2004 seasons are tabulated
in Table (24).

A- Specific effect:

Referring the specific effect of the different foliar
spray treatments on ascorbic acid (V.C.) content, Table (24)
reveals that all four investigated (GA; solely or combined
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with P or K) foliar spray treatments resulted in an obvious
increase in values of ascorbic acid content during the two
seasons of study. However, differences between four foliar
spray treatments were significant as compared each other or
with control (water spray) during 1% and 2% seasons of
study. On the other hand, the Ts (GA;z at 40 ppm + P at 200
ppm + K,S80, at 3 %) foliar spray treatment ranked
statistically first in this regard, followed in a descending
order by the T4 (GA; at 40 ppm + K;SOy4 at 3 %). T; (GA; at
40 ppm + P at 200 ppm) foliar spray treatment which came
2 and 3%, respectively. Moreover, GA; at 40 ppm foliar
spray treatment appeared to be less effective than the
abovementioned treatments ones in both seasons of study.
On the contrary, control (water spray) treatment exhibited
the lowest value in this respect.

The obtained result is in general agreement with the
findings of Cutuli (1970), Embleton et al., (1973), Salama
(1979), Zhang and Yan (1987) and Marzouk and Kasem
(2002) gave a great support to the present result regarding
the influence of GA;3 on juice ascorbic acid (V.C.) content.
In addition, Ali & Gobran (2002) found that potassium
spray treatment increased fruit ascorbic acid content on
Washington navel orange trees than the other treatments
used but the significant differences were nil.

Concerning the specific effect of geographical
direction (north & south), Table (24) reveals that Tanarif
fruits situated towards the north were significantly higher in
their fruit juice ascorbic acid (V.C.) content as compared to
those of opposite side (south) during 2002/2003 and
2003/2004 seasons of study. The obtained result is in general
agreement with the findings of Fatma (2003).
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Concerning the specific effect of fruit status (sound &
creased), it is clear from Table (24) that sound fruit of
Tanarif orange juice contained higher value of ascorbic acid
(vitamin C) content than did creased one. The results go in
line with that of Jones ef al., (1967), El-Nokrashy (1969)
and Diab (1982). They pointed out that the non-creased
citrus fruits were higher in Vitamin "C" value in juice.

With respect to the specific effect of date of
application (June & July), data in Table (24) showed clearly
that fruits of July application had the highest value of juice
ascorbic acid content as compared to those of June
application during 2002/2003 and 2003/2004 seasons.

B- Interaction effect:

As for the interaction effect of different foliar spray
treatments x geographical direction x fruit status and date of
application combinations, Table (24) shows that the highest
value of ascorbic acid (vitamin C) content was coupled with
sound Tanarif fruits on the northern side of trees sprayed
with Ts (GA; at 40 ppm + P at 200 ppm + K,S0y4 at 3 %),
regardless of application date. In spite of sound fruits on the
southern limbs of Tanarif trees sprayed with the T, and the
Ts in 1* season ranked second, but differences between two
categories were not significant during 1% and 2% seasons.
Contrary to that, the least V.C. level was detected by creased
fruits facing the south direction of Tanarif trees sprayed with
water in June application date during both seasons of study.
Other combinations were in between.
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