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IV. RESULTS AND DISCUSSION

IV.1. Experiment, I “Fruitful trees”

In this regard specific effect of two studied factors viz
Citrus spp / cv (Balady lime; Valencia orange and Washington
navel orange) and irrigation watcr resource (well water and
reclaimed Cairo scwage cffluent), as well as interaction cffect of
their combinations were cevaluated regarding the responsce ol the
different measurements of the fruitful trecs of the aforesaid three

Citrus spp / cv as follows:

IV. I. L. Vegetative growth:

The average shoot (length & diameter); number of lcaves
per shoot and average leaf area of spring flushed shoots, as well
as the tree canopy volume were the five investigated growth
measurements in this concern. Data obtained during both 2001-
02 and 2002-03 experimental seasons arc presented in Table (8).
IV. 1. I. 1. Shoot length:

A. Specific effect:

Regarding the specific effect of irrigation water resource,
it is quite evident that the sewage irrigated fruitful citrus trees
had statistically the tallest shoots as compared to the analogous
ones of those irrigated with well water. Such trend was true
during both 2001 - 02 and 2002 - 03 experimental seasons.

This result is in agreement with the findings of Paliwal ef
al;(1998).

———————————————————————————————
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As for the specific effect of Citrus spp / cv Table (8)
shows obviously that Balady lime had always the longest shoots
(10.4 & 10.6 cm) followed by Valencia orange (8.5 & 8.6 cm)
and Washington navel orange (7.5 & 7.7 cm.) during 1% and 2
seasons respectively. Differences between Balady lime and two
orange cultivars were significant during both 2001 - 02 & 2002 -
03 experimental scasons. However, Valencia orange tended to
induce longer shoots than Washington navel orange, but
difference between two orange cultivars was significant during
sccond scason only.

This may be attributed mainly to that the average shoot
length is an inheritable characteristic closely related to the
genotype of the botanical species or cultivar itself.

B. Interaction effect:

Concerning  the interaction effect  of different
combinations between two studied factors (irrigation water
resource & Citrus spp / cv.), Table (8) displays that the specific
effect of each investigated factor was directly reflected on its
combinations. Anyhow, the tallest shoots were always in closed
relationship to the sewage irrigated Balady lime trecs which
ranked statistically 1* during both 2001 - (2 and 2002 - 03
experimental seasons. On the contrary, the shortest shoots were
markedly coupled with the well water irrigated Washington
navel orange trees. Meanwhile, other combinations were in
between the aforesaid two extremes, however Valencia orange
trees and Balady lime trees irrigated with sewage and well water
respectively, beside sewage irrigated Washington navel orange
trees tended obviously to induce significantly longer shoots than
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well water irrigated Valencia orange trees. Such trend was true
during both experimental seasons.

IV. 1 L 2. Shoot diameter:
A. Specific effect:

Regarding the mature spring flushed shoots of three
Citrus spp / cv under study in response to the specific effect of
irrigation water resource, Table (8) shows that trend was not
coincident with that previously discussed for its length. Herein,
the well water irrigated trees tended relatively to induce thicker
shoots than the analogous ones of sewage irrigated trees.
However, difference was significant during the second 2002 - 03

experimental seasons only.

As for the specific effect of Citrus spp / cv it was quite
evident that the response was less pronounced than that
previously detected with shoot length. Anyhow, both Balady
lime and Valencia orange cultivars induced shoots had
significantly the same diameter from one hand but relatively
thicker than those of Washington navel orange from the other.
The trend of response was true during both seasons.

B. Interaction effect:

Referring the interaction effect of different combinations
between two studied factors (Citrus spp / cv and irrigation water
resource), Table (8) shows that, however the variations were not
so acute but it could be noticed that the well water irrigated
Balady lime trees induced generally the thickest shoots (2.28 &
2.24 mm.) during 12 and 2™ seasons, respectively. On the

contrary, Washington navel orange trees showed the thinnest
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shoots, irrespective of the irrigation water used. In addition,
other combinations were in between the aforesaid two extremes.

The conflict in trends of response to irrigation water
resource between average length of mature spring flushed shoot
and its diameter may be logically explained on such fact that the
further elongation of shoots results in more depletion of
synthetic substances (especially carbohydrates). While with the
retarted clongated shoots the reverse was true, where more
accumulated carbohydrates will be certainly took place and
reflected positively on shoots diameter, especially when the
number of developed leaves per each shoot was constant with

two cases as will be discussed later with the following
characteristic.

The obtained results regarding the effect of sewage
effluent on stem / shoot diameter goes partially with the earlier
findings of Brister and Schultz, (1981) on forest trees; Maurer
et al., (1995-a) on grapefruit and Maurer and Davies (1993 a
&b) on young grapefruit transplants.

[V.L.L3. Number of leaves per shoot:
A. Specific effect:

Concerning the specific effect of irrigation water resource
on number of leaves per shoot of fruitful citrus trees (Balady
lime; Valencia orange and Washington navel orange), data
presented in Table (8) showed that differences during both
Seasons were completely absent from the statistical point of
view.
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Nevertheless, Table (8) shows obviously that the specific
effect of Citrus spp/cv was clearly observed. Hence, the Balady
lime trees induced significantly the greatest number of leaves as
compared to either Valencia and Washington navel orange
cultivars. On the other hand, both orange cvs induced
significantly shoots had statistically the same number of leaves.
Such trend was true during both seasons of study.

B. Interaction effect:

With regard to the interaction effect, it could noticed
clearly that the sewage irrigated Balady lime trees induced
shoots had significantly the greatest number of lcaves per cach
(9.6) during the two experimental seasons. However, the well
water irrigated Balady lime trees ranked statistically second. On
the other hand, Valencia and Washington navel orange cultivars
were equally the same in this concern, where they had shoots of
the same number of leaves per each from the statistical

standpoint, irrespective of the water irrigation used.

The obtained results may be attributed to such fact that
the number of leaves per the mature shoot is an inheritable
characteristic for each species or cultivar characterized by its

relative constancy.
IV. L L. 4. Average leaf area:
A. Specific effect:

With regard to the specific effect of irrigation water
resource, Table (8) shows that the response was SO obvious,
where the sewage irrigated trees induced leaves with leaf area
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approximately two folds much more than thoge of the well water
irrigated trees.

As for the specific effect of Citrus spp / cv., it is quite
evident that the widest area was significantly in concomitant to
leaves of Washington navel orange, descendingly followed by
those of Valencia orange, while Balady lime ranked
statistically the inferior in this respect.

B. Interaction effect:

It was quite clear that the pronounced response to
specific effect of each investigated factor (water resource &
Citrus spp / cv.) was reflected obviously on their combinations.
Hence, the greétest leaf area was significantly always in
concomitant to sewage irrigated Washington navel orange trees
descendingly followed by those of Valencia orange trees
irrigated with sewage effluent and Balady lime trees supplied
with the same water resource during both seasons. On the other
hand, average leaf area of three citrus cultivars irrigated with
well water showed significantly the least values, where they
did not significantly differ as compared each other during two
seasons. However, well water irrigated Valencia orange trees
exhibited the smallest leaf area but the reduction didn’t reach
level of significance as compared to those of both Balady lime
and Washington navel orange trees irrigated with the same
water resource.,

The obtained results goes in the line with the finding of
Paliwal er al, (1998) on Hardwickia binata regarding the
stimulation effect of using sewage effluent on leaf area.
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IV. L. L. 5. Tree canopy volume:
A. Specific effect:

Referring the specific effect of water resource, it was
quite evident as shown from Table (8) that the sewage irrigated
citrus trees characterized by their huge canopy volume i.e, 79.6
and 92.6 cubic meter during 1% & 2

nd .
nd geasons, respectively.

However, well water irrigated trees had moderate canopy
volume (34.9 & 38.8 m’) during both seasons. This may be
attributed to the higher level of same nutrient elements
especially N, as shown from Table (4)

Referring the specific effect of Citrus spp/cv. Table (8)
shows that Balady lime trees had statistically the greatest
canopy volume (74.9 & 90.3 m’) while the opposite was truc
with Valencia orange which showed the smallest one (38.2 &
42.1 m’) during 1 and 2 seasons, respectively. In addition,
Washington navel orange trecs were in between in this concern
(58.7 & 64.8 m’) during two seasons.

B. Interaction effect:

It was so worthy to be noticed that the specific cffect of
cach investigated factor (irrigation water resource & Citrus spp
/ cv.) was reflected directly on tree canopy volume of their
combinations. Herein, sewage irrigated Balady lime trees
surpassed  statistically the analogous ones of other
combinations, where former onc exhibited canopy volume of
108.8 and 132.4 cubic meters during 1% and 2™ 2001 - 02 &
2002 - 03 experimental seasons, respectively, followed
significantly in descending order by sewage irrigated
Washington navel orange trees (81.8 & 91.5 m’); Valencia

———————————————————————————————————————————
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orange trees irrigated with sewage effluent (48.4 & 54.0 m’):
Balady lime trees irrigated with well water (41.0 & 48.1 m")
and irrigated trees with well water for both orange cultivars
L.e., Washington navel orange (35.6 & 38.1 m’) and Valencia
orange (28.0 & 30.3 m’) during 1% 2 seasons, respectively.

The obtained results concerning the response of
different vegetative growth measurements are in congeniality
with the trends previously detected by several investigators on
various fruit crops. Omran et al, (1988) on navel orange;
Maurer and Davies,(1993-a&b); on citrus seedlings; Paliwal
et al, (1998) on Hardwickia binata and Parsons et al., (2001-
b) on Hamline orange and Orlando Tangelo.

IV. 1. 11. Leaf chemical analysis:

IV. L 1L. 1. Leaf photosynthetic pigments content:

In this regard leaf chlorophyll "A™: "B"; "A+B" contents
and "A:B ratio" as influenced by specific effect of two studied
factors (irrigation water resource & Citrus spp / cv.) and
interaction effects of their combinations were investigated.
Data obtained during both seasons are presented in Table (9).

IV.LL1L. 1. 1. Leaf chlorophyll (A) content:
A-Specific effect:
Regarding the specific effect of irrigation  water
resource, Table (9) displays that leaves of sewage Irrigated
citrus trees were statistically richest in their chlorophyll "A"

content as compared to those of well water irrigated ones
during both seasons.
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Table (8): Vegetative growth measurements of fruitful citrus trees in response to specific and interaction effects of species / cultivar (Balady
lime / B. L. ;Valencia orange / V. O. and Washington navel orange / W. N. Q) ; irrigation water resource (sewage & well) and
their combinations during two consecutive 2001 - 02 & 2002 - 03 experimental seasons.

S
2]
<
; 8
Citrus spp/cvs Shoot length (cm) Shoot diameter (mm) |Number of leaves / shoot r Leaf area (cm?) in spring cycle| Tree canopy volume (m”) m
Water resource B. L. |V.O.|wxo. _Zﬂu. B.L. _4. O._c.rzb. Mean*|B. L. | V. O.|WN.0. Zn-u_.,_w. L. | V. 0.|wx0.|Mean*|B. L. | V. O.|W-N0. Mean* .M...
2001-02 season M
=
11.8] 92| 87| 99 |207 212|205 210) 96| 61| 6.4 74 |13.2]19.8(235] 18.8 108.8| 48.4 | 81.8 | 79.6 =
Sewage mou
a b be A be be be A a c c A c b a A a c b A =
well 91| 77| 64| 7.7 |228|218 20201215] 81| 7.1 | 64| 72 10.1] 88 | 10.7] 9.9 | 410|280 35.6 | 34.9
e
b c d B a ab c A b be ¢ A d d d B d f e B b
104 | 85| 7.5 2.16 | 2.15 | 2.04 89 | 6.6 | 6.4 11.7 | 143 | 17.1 74.9 | 38.2 | 58.7 A
Mean**
A B B A A A A B B C B A A C B
2002 - 03 season
S 121! 95| 9.0 | 102|200} 210 190 | 2.00] 90| 60| 65| 74 13.0120.1]22.7| 18.6 | 132.4 54.0 | 91.5| 92.6
ewage
a b b A bc ab | bc B a C c A c b a A a ¢ b A
Well 91| 77| 65| 78 |224]220 210 2.15] 84 | 71| 64| 73 103] 90 | 102 9.9 | 481|303 38.1| 38.8
e
b ¢ d B a ab | ab A b C [ A d d d B d f e B
Means* 106 | 8.6 | 7.7 2.14 | 2.11 | 2.02 9.0 | 65| 6.6 11.6 | 14.6 | 16.5 90.3 | 42.1 | 64.8
A B C A A B A B B C B A A C B

* and ** refer to specific effect of water resource and citurs spp cvs, respectively. Values within each column or row followed by the same letter / s didn't significantly differ at 5%
level, where capital and small letters were used for distingushing berween means of specific and interaction effects of investigated factors and their combinations, respectively.




As for the specific effect of Citrus spp/cv, it was quite
evident that Valencia orange cultivar had statistically the
poorest leaves in their chlorophyll "A" content. However, both
Balady lime and Washington navel orange were significantly
richer and had equally the same chlorophyll “A” content.

B- Interaction effect:

Leaves of both Balady lime and Valencia orange trees
irrigated with sewage water had the statistically the highest
chlorophyll "A" content, while the reverse was true with the
well water irrigated Valencia orange trees which

was statistically the inferior in this concern. In addition, three
other combinations were in between the aforesaid two
cxtremes, with a noticeable tendency pointed out that two
combinations of Washington navel orange i. e., irrigated with
cither sewage or well water were statistically richer and ranked
respectively 2% & 39 afier the superior category. Such trend
was true during both 2001- 02 & 2002- 03 seasons.

IV.LLIL. 1. 2. Leaf chlorophyll “B” content:
A. Specific effect:

Regarding the specific effect of irrigation  water
resource, Table (9) displays that irrigation with well water
resulted in increasing leaf chlorophyll "B" content. However.
difference between sewage effluent and well water was
significant during 1% season only.

Nevertheless leaf chlorophyll "B" content respond
specifically to Citrus spp / cv, where Washington navel orange
was statistically the superior, descendingly followed by

%‘
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Valencia orange and Balady lime which came 2™ and 3 from

the statistical stand point during both experimental scasons.
B-Interaction effect:

[t is quite clear as shown from Table (9) that the richest
leaf chlorophyll "B" content was significantly in closed
relationship to the well water irrigated Washington navel
orange trees followed by the Valencia orange trees irrigated
with the same water resource, however difference between
both two superior combinations didn’t reach level of
significance during 2 92002-03 experimental scason. On the
contrary sewage irrigated Balady lime trees were statistically
the inferior as their leaf chlorophyll "B" content was concerned
during both experimental  seasons.  In addition, other
combinations were in between the aforesaid two extremes.

[V. L. 1L 1. 3. Leaf chlorophyll “A+B” content:
A-Specific effect:

Referring the specific effect of irrigation water resource,
Table (9) displays that difference between sewage effluent and
well water was not S0 considerable to reach level of
significance during two cxperimental seasons. However, lcaves
of irrigated citrus trees with sewage effluent tended slightly to
be richer than the analogous ones of well water irrigated ones.

The present results could be explained logically
depending upon the unparalleled trends of both chlorophyll kinds
(A&B) in responsc 10 water resource, where each took an
opposite trend to that detected with the other.
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As for the specific effect of Citrys spp / cv., it could be
noticed that however variances were not so pronounced, but
Washington navel orange leaves tended to be richer than those
of either Valencia orange or Balady lime cultivars, especially
during 1* season where differences were significant.

B-Interaction effect:

However, difference in leaf chlorophyll "A+B" content
were not so acute and didn’t follow a firm trend during both
seasons. On the other hand, it could be generally concluded
that trees of both Balady lime and Valencia orange cvs
irrigated with well water had statistically the poorest leaves in
their chlorophyll (A+B) content. On the contrary, other
combinations had statistically richer leaves, but sewage
irrigated trees of Valencia orange were to great extent the
superior especially as compared to both combinations of
Balady lime and Washington navel orange trees irrigated with
sewage effluent and well water during 1% and 2 sea;;ons,
respectively.

IV.LLIL 1.4, Leaf chlorophyll (A : B ratio):
A-Specific effect:

With regard to specific effect of water resource,
tabulated data in Table (9) displayed that leaves of sewage
irrigated citrus trees had significantly higher ratio between
chlorophyll A and B.

As for the specific effect of Citrus spp / cv on leaf
chlorophyll A: B ratio, it was quite clear that Balady lime cv
had significantly the highest value as compared to both orange
cultivars (Valencia & Washington navel orange). On the other
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hand, difference between two orange cultivars was so slight to

reach level of significance during both seasons.

B-Interaction effect:

Regarding the leaf chlorophyll A:B ratio as influenced
by the different treatments (combinations between two water
resources and 3 Citrus spp / cvs), Table (9) displays that the
sewage irrigated Balady lime trees had statistically the highest
value during both secasons. On the contrary, the lcast
chlorophyll A:B ratio was exhibited by leaves of the well
water irrigated trees for both orange cultivars. In addition,
other combinations werc  in between the aforesaid  two

extremes.

Obtained results pertaining the response of chlorophyll
A:B ratio to the different combinations reflect the unparalleled
trends of response for each chlorophyll kind to a given
treatment , especially as both superior and inferior
combinations were concerned.

The response to the irrigation water resource and the
positive effect of sewage cffluent was supported by the
findings of Zekri and Koo0,(1993) on fruitful citrus trees
(Hamlin orange; Valencia orange and Orlando Tangelo)
budded on different citrus rootstocks and El-Said,(1999) on
mandarin trees, as well as Basiouny,(1984) on Peach trees. All
reported that reclaimed municipal wastewater effluent resulted

in visually greener leaves.

/
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V. I II. 2. Leaf total phenols; indoles and free amino

acids contents:

In this regard leaf total phenolic; indolic components
and free amino acids in response to specific and interaction
offects of irrigation water resource, Citrus spp / cvs and their
combinations werc investigated during second season (2002-
03). Data obtained arc presented in Table (10).

Total phenolic compounds:
A. Specific effect:

As for the specific effect of irrigation water resource,
Table (10) displays that the sewage irrigated trees had
significantly the richest leaves in their total phenols content.
The increase was about one fold higher than the analogous onc
of irrigated trees with well water.

Regarding the specific effect of Citrus spp / cv. it was
quite evident that Washington navel orange had the richest
leaves, descendingly followed by Balady lime and Valencia
orange. Differences were pronounced and significant as leaves

content of three Citrus spp / cvs Were compared each other.
B. Interaction effect:

Data obtained revealed that sewage irrigated trees of
both Washington navel —orange and Balady lime had
significantly the richest lcaves in their total phenolic
compounds. The reverse was true with the well water irrigated
trees of Balady lime. In Addition, other combinations were in
between the aforesaid two extremes with a variable tendency of

variance between them.

-
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This result may be due to the more pronounced effect of
water resource from one hand and the higher sensitivity of
Balady lime that corresponded to the strong tolerance of
Valencia orange to irrigation water resource from the other side,
Total indolic compounds:

A. Specific effect:
| It is quite evident as shown from Table (10) that the
response of Ieal indoles content to the specific clfect of cither
irrigation  water resource or Citrus spp / cv followed an
opposite trend to that previously detected with phenolic
compounds. Herein, sewage effluent as an irrigation water
resource reduced total indoles. On the other hand, leaves of

Valencia orange were statistically the richest.

B. Interaction effects:

Irrigated Valencia orange trees with well water had
significantly the richest leaves in their total indoles
content. On the contrary the least leaf indoles level was in
concomitant to the sewage Irrigated trees of Balady lime.
Other combinations were in between the aforesaid two
extremes.

Total free amino acids content:
A. Specific effect:

With regard to the specific effect of water resource,
it could be noticed that sewage effluent reduced obviously
leaf total free amino acids content.
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Nevertheless, leaf total free amino acids content
respond significantly to Citrus spp/cvs, where Valencia
orange was the richest, followed significantly in a
descending order by Balady lime and Washington navel
orange, respectively.

B. Interaction effect:

Data obtained revealed that the specific effect of
cach investigated factor reflected directly on their
combinations. Herein, the well water irrigated trees of both
Valencia orange and Balady lime had significantly the
richest leaves in their total free amino acids content. On
the contrary irrigated trees with sewage effluent
“especially Balady lime & Washington navel orange” were
generally the inferiors.

The present result regarding the effect of irrigation
water resource on total free amino acids content were
conflected to that previously mentioned by E1-Said,(1999) on
mandarin; Hossni and EL-Tarrass,(1997) on Vicia faba and
Narwal et al, (1990) on Maize, all reported that scwage
effluent increased total free amino acids content.

IV.LIL3.Leaf catalase and peroxidase enzymes activities:

The influence of both irrigation water resource (sewage
& well) and estimated duration expended  through
determination (advancement of determination time in seconds)

and their combinations on catalase and peroxidase enzymes
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activities in leaves of fruitful Balady lime; Valencia and
Washington navel orange trees during 2 experimental season
(2002 - 03) was investigated. Data obtained are presented in
Table (11).

Catalase activity:
A. Specific effect:

With regard to catalase activity in response to irrigation
water resource, Table (11) displays that the trend varied from
one Citrus spp/cv to another. Anyhow, with Balady lime cv the
rate of activity was significantly depressed in leaves of sewage
cffluent irrigated trees as compared to that of the well water
irrigated trees. However, with both Valencia and Washington
navel orange cultivars the trend took the other way around,
where leaves of sewage effluent irrigated trees characterized
significantly by their higher catalase activity.

Nevertheless, the rate of catalse activity was increased
with advancement of estimated time expended through
determination process i.e, up to 90 seconds. However, such
trend was detected with three Citrus spp/cvs i.c., Balady lime;
Valencia orange and Washington navel orange, but the increase
was more pronounced with Washington navel orange and
Balady lime where differences were significant. Meanwhile,
with Valencia orange differences were too little to reach level
of significance.

B. Interaction effect:

Table (11) reveals that leaves of Balady lime irrigated
trees with well water showed significantly higher catalse

M
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activity than those of sewage irrigated trees, regardless of time
spent through duration of determination process. Moreover,
differences in catalase activity of well water irrigated trees of
Balady lime through the whole duration of determination were
too small to be considered from the statistical standpoint.
However, Balady lime leaves of sewage irrigated trees showed
statistically the least rate of catalse activity either at 0.0 or after
15 seconds when compared to values of its activity at more
advanced times.

Mecanwhile, with Valencia and Washington navel orange
cultivars, the reverse was true, where the activity was
significantly higher in leaves of their sewage effluent irrigated
trees. Herein, the highest activity was always in concomitant to
sewage irrigated trees after 90 seconds, but catalse activity in
leaves of their well water irrigated trees, especially either at 0.0

or after 15 seconds were statistically the inferior.
Peroxidase activity:
A. Specific effect:

As for the specific effect of irrigation water resource on
leaf peroxidase activity, Table (11) displays obviously that the
variations were too slight to be taken into consideration.
Herein, activity rate in leaves of a given Citrus spp/cv didn’t
response to irrigation water resource.

Nevertheless, peroxidase activity was gradually
increased with advancement of determination time up to 300
seconds. Differences were significant especially as the most
advanced reading of activity i.e, later one after 300 seconds
was compared to the those of the first three readings i.e, after
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0.0: 60 and 120 seconds. Such trend was true with the three
Citrus spp / cvs
B. Interaction effect:

Table (11) shows that the more pronounced response of
peroxidase activity to advancement of estimated times through
determination process more than that resulted by irrigation
water resource was reflected directly on the response to their
combinations. Anyhow, the highest rate of peroxidase activity
was significantly in closed relationship to both reading (valucs)
recorded after 240 and 300 seconds, on leaves of three Citrus
spp / cvs, regardless of irrigation water resource. On the
contrary, the least activity of peroxidase activity was recorded
at 0.0 seconds spent for Balady lime and / or 0.0 / 60 for both
two orange cultivars. Differences between the superior and
inferior combinations between irrigation water resource and
duration estimated through determination process were
significant for 3 Citrus spp / cvs

The present results regarding the peroxidase activity is in
general agreement with the findings of Zhao et al, (1998) on
seedlings of various cultivars belonging to some Citrus spp, who
reported that there was no obvious correlation between
peroxidase activity and (GA : ABA) ratio i.e active growth and
aging. However, findings of other investigators didn’t agree with
the present trend of peroxidase viz El-Said, (1999) on mandarin
trees and Van and Clijsters, (1990) on different higher plants
who reported that peroxidase induction considered as a general

response to uptake of some toxic amounts of metals like as Cd;
Ni; Pb Cu and Zn.

———————————————————————————————————————————
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Table(11): Catalasae and peroxidase enzymes activities of Balady lime;
Valencia orange and Washington navel orange fruitful trees in
response to specific and interaction effects of advancement of
determination time; irrigation water resource (sewage & well)
and their combinations during second experimental season

(2002 - 03).
A. Catalase activity
Time (Sc) Balady lime Valencia orange Washington navl orange
Sewage| Well | Mean* Sewage| Well | Mean® Sewage| Well | Mean*
0 0.5199 | 0.6776 | 0.5987 | 0.7627 | 0.6412 | 0.702 | 0.7846 0.5864 | 0.6855
d a C a b A c f Cc
15 0.5621 | 0.6746 | 0.6184 | 0.7791 | 0.6467 | 0.7129 | 08157 0.6152 | 0.7155
cd a B a b A bec de B
30 0.5982 [ 0.6921 | 0.6451 | 0.779 | 06477 0.71335| 0.8334 | 06313 | 0.7324
be a A a b A ab de AB
45 06127 | 0693 | 0.6529 | 0.7827 | 0.6642 | 0.7234 | 08522 06521 | 0.7521
. be a A a b A ab d A |
80 0.6048 | 0.6785 | 0.6416 | 0.7896 | 0.6708 | 0.7301 0.869 | 0.6618 | 0.7654
be a A a b A a d A
75 06153 | 0.6917 | 0.6535 | 0.7892 | 0.6755 | 0.7324 | 0 8783 | 0.6659 | 0.7721
bc a A a b A a d A
20 0615 | 06933 | 0.6542 | 0.7929 | 0.6727 | 0.7328 | 0 8792 0.6662 | 0.7727
b a A a b A a d A
Mean = | 0-5897 | 0.6858 0.7822 | 0.6598 0.8446 | 0.6397
B A A B A B
B. Peroxidase activity
Time (Sc) Balady lime Valencia orange Washington navl orange |
Sewage| Well | mean* | Sewage| Well Mean* |Sewage| Well | mean*
0 0.4030 | 0.3381 | 0.3706 | 0.3940 | 0.4520 | 0.4230 | 03672 0.4281 | 0.3977
de f E d bc D d c d
60 0.4273 | 0.3773 | 0.4023 | 0.4267 | 0.4632 | 0.4449 | 04367 0.4544 | 0.4456
cde ef DE cd abc CcD c c c
120 0.4498 | 0.4301 | 0.4400 | 0.4553 | 0.4724 | 0.4638 | 0.5453 0.5111 | 0.5282
bed cde CD bc abc BC ab b b
180 0.4576 | 0.4596 | 0.4586 | 0.4810 | 0.4845 | 0.4827 | 05749 0.5456 | 0.5602
be be BC ab ab ABC a ab ab
240 0.4873 | 0.4890 | 0.4881 | 0.4900 | 0.4950 | 0.4925 | 0.5820 | 0.5731 0.5775
ab ab AB ab ab AB a a a
0.4953 | 0.5137 | 0.5045 | 0.5162 | 0.5044 | 0.5103 | 0.5929 0.5924 | 0.5926
300
ab a A a ab A a a a
Mean * 0.4534 | 0.4348 0.4605 | 0.4786 0.5165 | 0.5175
A A A A A A

* and ** refer to specific effect of advancment of determination time and water resource . respectively. Values within
cach column or row followed by the same letter / s didn't significantly differ at 5 % level, where capital and small letters
were used for distingushing berween means of specific and interaction effects of investigated factors and their
combinations, respectively.
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IV. 1. II. 4. Some endogenous growth substances
(phytohoromnes) contents in leaves of

fruitful citrus trees:

In this regard leaves GA;, IAA and ABA contents of
mature fruitful Balady lime, Valencia orange and Washington
naval orange as influenced by irrigation water resources
(sewage, El-Gabal Al-Asfar farm and well water Quesna) were
investigated during the I experimental scason (2001- 02),

where data obtained are presented in Table (12).

As for the response of GA;, it is quite clear that an
obvious difference was resulted. Herein, the irrigated citrus
trees with sewage effluent showed an increase as compared to
the analogous ones of those irrigated with well water. Such
increase varied from one citrus species / cultivar to another,
where it was more pronounced with Balady lime trees, (about 3
folds) and moderately with Valencia orange (about 1.5 times),
while with the second orange cultivar (Washington naval
orange) the variance was too slight to be taken into
consideration.

Referring the response of 1AA, Table (12) shows that
the trend of response to irrigation water resource took the other
way around as compared to the above mentioned discussed one
with GA+. The difference in variance due to the irrigation water
resource had nearly the same rate with a relative tendency to be
more pronounced with both Balady lime and Washington naval
orange where the reduction in TAA exhibited by sewage water
showed approximately one third of IAA values of those in

leaves of well water irrigated trees. However, with the
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Washington naval orange the decrease in leaf IAA content of
sewage irrigated trees was about one half as compared to those
of well water irrigated ones.

Concerning the ABA content, it was quite clear that it
followed typically the same trend previously detected with leaf
IAA level. On the other hand, the rate of reduction in leaf ABA
content resulted by irrigation with sewage ranged about nearly
one half of the corresponding level of well water irrigated trees
of the three citrus species / ‘cultivars under study.

As for the different ratios between the three endogenous
growth substances in response to irrigation water resource for
three citrus species / cultivars, Table (12) shows a noticeable
variances as ratio of each two components was discussed
separately. Anyhow, the GA; : IAA ratio shows that sewage
water resulted in an obvious increase from one hand, but the
rate of increase was more pronounced with Balady lime trees
(about 8.0 times) than those exhibited in Valencia and
Washington naval orange cvs ie, were 2.25 and 3.0 times,
respectively.

This trend may be attributed to the two conflicted trends
of response for both GA; and IAA, where an increase was
found with former one (GA;) in sewage irrigated trees but the
opposite was true with the latter one (IAA), as previously
discussed.

Table (12) shows that the ratio between either GA; or
IAA from one hand and the ABA from the other were clearly
respond to irrigation water resource. However, the ratio was
increased obviously with GA;: ABA ratio due to using sewage
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for irrigation while with IAA: ABA ratio it was slightly
decreased, regardless of the citrus species / cultivars. On the
other hand, the increase in GA; : ABA ratio in leaves of
sewage irrigated Balady lime trees was more pronounced than
those found with two sweet orange cultivars.

The obtained results regarding the conflicted trends of
response for both GA;: ABA and [AA:ABA ratios to water
resource could be logically explained depending upon two
conflicted trends detected regarding the response of GA; and
IAA to water resource where cach followed its own opposite
trend as previously discussed.

The present results regarding the response of both GA;
and ABA to irrigation water resource is in harmony with that
found by El-Said, (1999) on mandarin trees, however the trend
of IAA partially disagreed our findings.

IV. 1. 11. 5. Leaf mineral composition:

In this respect leaf N; P; K; Mg; Fe; Mn; Zn; Cu: Na; Pb
and Ni contents of some citrus cultivars (fruitful trees) n
response to specific effect of irrigation water resource and
Citrus spp/cv as well as interaction effects of their
combinations were investigated. Data obtained during both
experimental 2001- 02 and 2002- 03 seasons ar¢ presented in
Tables (13); (14) and (15).
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IV.I.1L. 5. 1. Leaf macro nutrients content:
Leaf nitrogen content:
A. Specific effect:

With regard to specific effect of irrigation water
resource, data obtained during both seasons as shown in
Table (13), displayed obviously that fruitful citrus trees
irrigated with sewage effluent had significantly higher
leaves N % as compared to those of well water irrigated
trees.

As for the specific effect of Citrus spp / cv., it was quilc
evident that the richest leaf N content was always in significant
concomitant to Balady lime trees. On the contrary Valencia
orange cv had the poorest leaves N content. Meanwhile
Washington navel cv orange was in between. Differences
between three Citrus spp / cvs were significant as compared
cach other during both experimental 2001- 02 and 2002- 03
seasons.

B-Interaction effect:

Table (13) displays obviously that the specific effect of
cach investigated factor (water resource & Citrus spp /cv)
reflected directly on their possible combinations. Herein, the
more pronounced effect of sewage as an irrigation resource
associated with the superiority of Balady lime led to the
superiority of sewage irrigated Balady lime trees, where the
richest leaves N content were significantly in closed

relationship to such combination. On the contrary, both

combinations of well water irrigated Valencia and Washington

M
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navel orange trees had significantly the poorest leaves N %.
especially such combination of former orange cultivar
(Valencia) which was the inferior during both experimental
scasons from the statistical point of view during both
experimental seasons. In addition other combinations were in
between the aforesaid two extremes, however both
combinations of scwage effluent irrigated trees of both orange
cultivars had significantly richer Icaves than other members of
such intermediate category.

Leaf phosphorus content:

A. Specific effect:

Referring the specific effect of investigated factors,

Table (13) shows that leaf P % followed typically the same
trends previously detected with nitrogen level. Herein,
sewage increased significantly leal P % as compared to
well water. On the other hand, leaf P % respond
specifically to Citrus spp / cv, where Balady lime leaves
were significantly the richest, descendingly followed by
Valencia and Washington navel orange cultivars,
respectively.

B-Interaction effect:

The specific effect of both investigated factors

(water resource & Citrus spp / cvs) was reflected on
interaction effect of their combinations. Herein, sewage
irrigated trees of both Balady lime and Valencia orange
had statistically the richest leaves in their P content. The
superiority of the aforesaid two combinations ie, (B.L. X

%
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sewage) and (V.0. X sewage) was true during two
seasons, however former one exhibited a relative tendency
to be richer, especially in 1% season where difference was
significant. On the contrary, well water irrigated trees of
both orange cultivars were statistically the inferior during
both seasons. Other combinations were in between the
aforesaid two extremes.

Leaf potassium content:

A. Specific effect:

With regard to specific effect of irrigation water
resource, Table (13) shows that using scwage cffluent for
irrigation increased significantly leaf K % as compared to well
water. On the other hand, Valencia orange cv was significantly
the richest as leaf K % in response to specific effect of Citrus
spp / cv was concerned. Such trends of response to specific

effect of either water resource or Citrus spp /cv were true

during both experimental seasons.
B. Interaction effect:

Table (13) displays that the more pronounced response
of leaf K % to specific effect of irrigation water resource rather
than that of Citrus spp / cv reflected obviously on their various
combinations. Herein, the sewage irrigated trees of three citrus
cultivars exceeded significantly the analogous three ones of
well water irrigated trees of three citrus cvs However, sewage
irrigated Valencia orange trees were the superior cither data of
each season or an average of two seasons were concerned. On

the other hand, well water irrigated trees of 3 Citrus spp / cvs

M
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were the inferior and didn’t significantly differ as compared
cach other during two seasons of study.

Leaf magnesium content:
A. Specific effect:

As for the specific effect of water resource, Table (13)
shows that sewage irrigated citrus trees had significantly the
richest lecaves Mg %. However, Balady lime was significantly
the richest followed in descending order by Valencia and
Washington navel orange cultivars as the specific cffect of
Citrus spp / cv was concerned. Taking into consideration that
difference between two orange cultivars did not reach level of
significance during both seasons of study.

B. Interaction effect:

Table (13) displays that variances in leaf Mg % due to
interaction effect of different combinations between two
studied factors were obviously detected. Herein, the sewage
irrigated Balady lime trees had significantly the richest leaves
in their Mg content.

Meanwhile, leaves of sewage irrigated orange trees
(Valencia & Washington navel orange cvs) ranked statistically
™ cither data of each season or an average of two seasons
were  concerned.  Difference  between two  members
(combinations) of 2 category was significantly absent in 1*
season but in 2™ season Valencia leaves were significantly
richer. On the contrary the least Mg % was significantly in
closed relationship to well water irrigated Washington navel

orange trees. In addition, other combinations were in between.

_-_‘—_-‘-‘:_""_““—-——-—-_——_,_—'ll
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The obtained results regarding the specific effect of
irrigation water rcsource could be explained logically
depending upon the water chemical analysis of two resources
(sewage & well water), where sewage contained higher levels
of the previously discussed macro nutrient elements (N; P; K
and Mg). Moreover, the increase in leaf N; P; K and Mg
contents of sewage irrigated trees supported the previously
findings of Esteller et al., (1994) on irrigation citrus trees with
wastewater (found that wastewater increased leaf’ N content);
Lapena ef al, (1995) on young orange transplants irrigated
with wastewater (an increase in leaf N; K; Cl; B and Na
content). Maurer ef al., (1995-b) on March grapefruit trees (25
years old), found that the wastewater irrigated groves had trees
significantly richer in their leaves K content and optimum leaf
P: Mg; Cu; Mn and Zn contents. Reboll et al, (2000) studied
the effect of wastewater as an alternative water resource on
nutritional status of young citrus trees, they found that leaf N
content was in optimal nutrition rate and consequently fertilizer
rate could be practically lowered without affecting nutritional
status when reclaimed wastewater used for irrigation. In
addition Paranichianakis et al,(2000) studied the effect of
reclaimed wastewater on nutrition of Sultanina grapevines
grafted on different rootstocks, they found that irrigation with
reclaimed water was sufficient to cover, Mg; K and p

requirements.
IV. L. II. 5.2. Leaf micro nutrients content:
Data obtained during both 2001- 02 and 2002 - 03

experimental scasons regarding the response of leaf Fe; Mn; Zn

M
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and Cu contents to specific and interaction effects of irrigation
water resource, fruitful Citrus spp / cv and their combinations
are presented in Table (14).

Leaf iron content:
A. Specific effect:

With regard to specific effect of irrigation water
resource, it is quite clear that the sewage effluent irrigated trees
had significantly the richest leal F'e content as compared to
those irrigated with well water. The increase reached
approximately two folds during both scasons.

Nevertheless, the response to specific effect of Citrus
spp / cv revealed that Valencia orange cv was significantly the
richest. descendingly followed by Washington navel orange
and Balady lime as their leaf Fe content was concerned.
Differences between three Citrus spp / cv were significant
during both experimental seasons.

B. Interaction effect:

Table (14) shows that the specific effect of either
irrigation water resource or Citrus spp / cv was reflected
directly on interaction effect of their possible combinations.
Hence, the sewage cffluent irrigated trees of Valencia orange
exhibited statistically the highest leaf Fe content i.c, 205 and
220 ppm

during 1* and 2 geasons, respectively. Moreover sewage

effluent, irrigated trees of both Washington navel orange and
: . d d

Balady lime descendingly ranked 2% and 3% orders,

respectively as their leaves Fe content were concerned from the

w
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statistical standpoint. On the contrary, Balady lime trees
subjected to well water irrigation had the least lcaf Fe content
especially either data of 2™ season or an average of two
seasons were concerned.

Leaf manganese content:
A. Specific effect:

Leaf’ Mn content followed typically the same trend
previously detected with leaf Fe content pertaining the specific
cffect of irrigation water resource, However, rate of difference
was relatively less pronounced with leaf Mn content. On the
other hand, the trend of response to the specific effect of Citrus
spp / cv was relatively modified as compared to the aforesaid
one discussed for leaf Fe content. Herein, although the Balady
lime was still relatively the poorest as its leaves Mn content
was concerned, but two sweet orange cultivars alternately
changed their ranks. In other words, Washington navel orange
was statistically the richest followed in descending order by
Valencia orange and Balady lime, however difference between
two later Citrus spp / cv didn’t reach level of significance
during both seasons.

B. Interaction effect:

Table (14) reveals obviously that sewage effluent
irrigated trees of Washington navel orange had significantly the
richest leaves in their Mn content i.e, 22.6 and 25.2 ppm during
I* and 2" secasons respectively. On the contrary the least leaf
Mn content was always in significant concomitant to the lime
well water irrigated Balady lime trees e, 11.7 and 11.2 ppm

during 1* and 2™ seasons respectively. In addition, other

%
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combinations were in between the above mentioned two
extremes.

L.eaf zinc content:
A-Specific effect:

Table (14) shows obviously that leaf Zn content in
response to specific effect of water resource followed the same
trend previously detected with both leaf Fe and Mn contents.
[However, the trend of response to Citrus spp / ¢v took the other
way around, where Balady lime was statistically the richest as
its leaves Zn content was concerned. On the other hand, leaves
of both orange cultivars had not only lower zinc level below
the analogous one of Balady lime but also both were equally

the same from the statistical point of view.
B. Interaction effect:

It is quite evident as shown from tabulated data in Table
(14) that the Balady lime trees irrigated with sewage effluent
had statistically the richest leaf Zn content i.e, 106.5 and 99.0
ppm during 1* and 21 geasons respectively. On the contrary,
well water irrigated trees of three Citrus spp /cv had the least
leaf Zn content, especially as an average of two seasons was
concerned, however the well water irrigated trees of
Washington navel and Valencia orange cvs were statistically
the inferior during 1* and 2% seasons, respectively.
Leaf Copper content:
A. Specific effect:
With regard to specific effect of water irrigation

resource it is quite clear as shown from Table (14) that the

N
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trend was similar to that previously detected with leaf Fe; Mn
and Zn content. Meanwhile, the response to the specific effect
of Citrus spp / cv was to great extent coincident to that
previously detected with leaf Zn content. Herein, Balady lime
cv was the superior followed statistically by Washington navel
orange while Valencia orange was the inferior. Differences
were significant with comparing 3 Citrus spp / cvs each other
during both scasons except when comparcd Balady lime to
Washington navel orange during 2" scason where difference
was not significant.

B. Interaction effect:

Table (14) reveals that Balady lime trees irrigated with
sewage cffluent surpassed statistically other investigated
combinations (water resource X Citrus spp / cv) as their leaves
Cu content was concerned. The reverse was true with two
combinations representing well water irrigated trees of both
sweet orange cultivars, where the least leaf Cu content was
exhibited by those of Washington navel and Valencia during 1*
and 2" seasons for former and later cultivars, respectively. In
addition, other combinations were in between the aforesaid
two extremes.

The present results regarding the effect of sewage
cffluent on different leaf micronutrient clements content are in
congeniality with the findings of several investigators. Finding
of Abd EI-Naim and El-Awady, (1989) on citrus trees grown
in sandy soil gave support to our result regarding the increase
in leaves Fe; Mn; Zn and Cu contents of sewage irrigated trees
of 3 Citrus spp / cvs under study, where they reported that Zn:

%
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Cu; Mn; and Fe elements increased in sewage water irrigated
soil. Morcover, Zekri and Koo, (1990) on Hamlin orange
reported that leaf Fe level was increased in municipal
wastewater irrigated trees than those irrigated with well water.
However, the same authers indicated that leat Mn and 7Zn
contents of municipal wastewater irrigated Hamlin trees were

decreased than the analogous ones of well water irrigated ones.
Leaf sodium and some heavy metals content:

In this regard leaf Na; Pb, and Ni content of fruitful
citrus trees in responsc to specific and interaction effects of
water resource; Citrus spp / cvs and their combinations were
investigated. Data obtained during both 2001- 02 and 2002- 03
experimental scasons are presented in Table (15).

Leaf Na content:
A. Specific effect:

With regard to specific effect of investigated factors,
data obtained revealed that leaf Na content respond specifically
to each factor. Herein, sewage effluent increased it
significantly as compared to well water. On the other hand,
Baldy lime leaves were statistically the richest as the specific
effect of Citrus spp/cv was concerned. However, leaves of
Valencia orange were relatively richer in their Na content as
compared to those of Washington navel orange, but differences
between two orange cvs didn’t reach level of significance

during both experimental seasons.
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B. Interaction effect:

It was quite clear that leaves of sewage irrigated
Balady lime trees were statistically the richest in their Na
content. Other combinations had not only lower Na
content, but also they had equally the same Na level from
statistical standpoint with few exceptions i.e., well water
irrigated trees of Washington navel orange.

The incrcase in lcaf Na content of sewage irrigated
citrus trees of 3 spp/ev detected in our study is supported by
different publications dealing with findings of Koo and Zekri,
(1989) on orange; Maurer and Davies, (1993-a&b) on
grapefruit, all demonstrated that using municipal wastewater in
irrigation increased leaf Na content.

A. Leaf lead content:
Specific effect:

Application of sewage effluent for irrigation increased
leaf Pb content as compared to those subjected to irrigation
with well water. On the other hand, Balady lime followed by
Washington navel orange cv characterized by their potentiality

to accumulate higher rate of lead in their leaves, while

Valencia orange was the inferior in this regard.
B. Interaction effect:

Balady lime and Washington navel orange trecs
irrigated with sewage effluent had statistically the highest
Pb level in their leaves. While, the least leaf Pb content was
always in concomitant to well water irrigated Valencia orange

trees. In addition other combinations were in between.

—M
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Leaf Nickel content
A. Specific effect:

The response to specific effect of irrigation water
resource exhibited that leaves of sewage irrigated citrus trees
had significantly higher Ni content than those of well water
irrigation. As for the specific effect of Citrus spp / cv. Table
(15) shows that Washington navel orange cv was statistically
the richest in lcal Ni content. Morcover, Balady lime and
Valencia orange had leaves with a comparable Ni level from
statistical point of view cither data of cach season or an
average of two scasons were concerned.

B. Interaction effect:

Table (15) displays that the highest leaf Ni content was
significantly coupled with sewage irrigated Washington navel
orange trees during both seasons. On the contrary, the least leaf
Ni content was markedly in closed relationship to the well
water irrigated trees of both Valencia orange and Balady lime
cvs The inferiority of the aforesaid two combinations of well
walter resource was true during both seasons.

In additions, other combinations were in between the
aforesaid two extremes.

The results obtained regarding the increase in leaf Ni
and Pb due to sewage effluent is in harmony with the
findings of Omran et al., (1985) on navel orange ; Abd El-
Naim and El-Awady,(1989) on citrus trees; Abd El-Sabour
,(1995) on orange and Hussein ef al., (1999) on date palm
trees, all demonstrated that municipal wastewater increased
Cd; Ni and Pb content.

_——%
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Table (15):

Leaf sodium and some he
effects of species / cultivar (Balady lime / B. Ly
irrigation water resource (sewage & well) and thei
experimental seasons.

avy metals (Pb & Ni) contents of fruitful citrus trees in res
Valencia orange / V. 0. and Washington n
r combinations during two consecutive 2001 - 02 & 2002 - 03

ponse to specific and interaction
avel orange / W. N. O.);

Citrus spp/cvs Na % Pb ppm Ni ppm
Water PesoiTee B.L. | V.O. |[W.N. 0.| Mean* | B.L. [ v.0. [w.n.0.| Mean* | B.L. [ v.o. |w. .0.| Mean*
2001 - 02 season
Sewage 0.971 0.669 | 0.677 0.772 2.10 1.92 2.01 2.01 4.89 5.95 9.83 6.89
= a b b A a b ab A c b a A
well 0.695 0.610 | 0.441 0.582 1.60 1.29 1.50 1.46 2.86 3.68 4,72 3.75
b b c B c e d B f € d B
0.833 | 0.640 | 0.559 1.85 1.60 1.75 3.87. 4.81 7.27
Mean**
A B B A B AB B B A
2002 - 03 season
0.589 | 0573 | 0349 | 0.503 1.90 1.60 1.70 1.80 6.30 5.28 6.60 6.40
Sewage
a a c A a ¢ b A b c a A
Well 0.477 0412 0318 0.403 1.60 1.30 1.40 1.44 2.60 2.60 4.20 4.37
b b C B g e d B e e [ B
0.533 | 0.493 0.334 1.80 1.45 1.55 4.45 3.90 5.40
Mean**
A A B A B B B B A

* and ** refer to specific effect of water resource and citurs Spp / ¢
significantly differ at 5 % level, where capital and small letters were used for

and their combinations, respectively.

vs, respectively, Values within each column
distingushing berween means of speci

or row followed by the same letter / 5 didnt
fic and interaction effects of investigated factors
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IV. L. 111. Flowering measurements:

[n this regard inflorescences (number & type); flower
nature (normal & aborted) and pollen grains viability in
response to irrigation water resource for three Citrus spp / cvs
under study were concerned. Data obtained arc presented in
Tables (16) and (17).

IV. . LIL. 1. Number of inflorescences and their types:

In this respect total number of both woody and lcaly
inflorescences, as well as percentage of leafy inflorescences in
response to water resource were investigated during second
season (2002-03)

Number of inflorescences:

Table (16 - A) reveals that swage irrigated trees of each
Citrus spp/cv had statistically greater number of inflorescences
as each cv was compared separately to the analogous one of
well water irrigated trees. The increase was more pronounced
with both Baldy lime and Valencia orange, where the total
number of inflorescences induced by their sewage irrigated
trees reached approximately two folds much more than those of
well water irrigated ones. Meanwhile, with Washington navel
orange rate of increase was relatively lower and reached about
50 % only.

As for the influence of irrigation water resource on
inflorescences type, it is quite evident as shown form tabulated
data in Table (16-A) that the woody inflorescences were the
unique type produced by Balady lime cv However, both types
(woody & leafy) were presented for two orange cultivars.
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Anyhow, the leafy inflorescences % respond obviously to
waler resource, where it was significantly increased in well
water irrigated trees of both Valencia and Washington navel
orange. The well water irrigated trees leafy inflorescences %
was two and three times much higher than the analogous ones
of sewage irrigated trees for Valencia and Washington navel
orange cvs, respectively.

The present result regarding the absence of lealy
inflorescence  in Balady lime may be attributed (o the
inheritable characteristics of such Citrus spp However, the
increase exhibited by sewage effluent in total number of
inflorescence may be attributed to the higher nutrient element
contents in such water resource, which reflected  positively on
growth and consequently on total number of produced
inflorescences. However, the higher % of leafy inflorescences
in well water-irrigated trees than the sewage irrigated ones
attributed mainly to the higher depleted rate of synthetic
materials (mainly carbohydrates) in the sewage irrigated trees.

IV. L. 111, 2. Flowers nature:

With regard to flowers nature of Balady lime cv
cxpressed as normal flowers % in its woody  (lcafless)
inflorescences in response to water irrigation resource, Table
(16-B) displays obviously that sewage irrigated Balady lime
trces exhibited significantly higher normal flowers%
particularly as both categories of large and intermediate
flowers sizes were concerned. Such trend was true for two
flowering waves (March 10™ & April 3") as normal flowers %

of both large and medium flowers induced by either sewage

M

-129-  Results and Discussion



irrigated Balady trees or well water irrigated ones were
compared each other. However, the small flowers of Balady
lime were completely upnormal for both flowering waves.
Referring the effect of irrigation water resource on
flowers nature expressed as normal flowers % of both sweet
orange cultivars (Valencia and Washington navel orange)
Table (16-C) displays that the response varied not only from
one cultivar to another but also both inflorescence types and
category of flowers size each reflects its own role in this
respect. Anyhow, the large flowers of both Valencia and
Washington navel cultivars didn’t respond to irrigation water
resources, where aborted flowers were approximately absent
(100% normal flowers), irrespective of inflorescence type.
Meanwhile, with the second flowers category (medium size)
the trend of response to irrigation water resource were typically
coincident for two orange cultivars, where the sewage irrigated
trees exhibited 100 % normal flower corresponding to 100 %
upnormal flowers for the well water irrigated trees, regardless
of inflorescence type of both orange cultivars. Morcover, with
the small flowers the trend of response to irrigation water
resource varied greatly from one cultivar to another. Herein,
neither irrigation water resource nor inflorescence type had any
effect on flowers nature of Valencia orange cv., where normal
flowers were completely absent in its small flowers. While, the
small flowers of Washington navel orange cultivar in response
to irrigation water resource followed typically the same trend
previously detected with those of medium size category for two

orange cvs Herein, normality was 100 % in flowers of sewage
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irrigated Washington navel orange trees but 100 % absent with
those of well water irrigated ones, regardless of inflorescence
type.

The shift in response of flowers normality to irrigation
water resource, which linked with the flower size as large and
small sized flowers may be attributed to some internal factors
like as nutritional reasons and balance of some endogenous
hormoncs. So. advanced investigations arc nceded in this

concern.
1V. L. 111. 3. Pollen grains viability:

Pollen grains viability of both Baldy lime and Valencia
orange in response to irrigation water resource; Citrus spp and
their combinations were investigated during both 2001 - 02 and
2002 - 03 seasons. Data estimated as a percentage of
germinated grains during two experimental seasons are
presented in Table (17).

A. Specific effect:

With regard to specific effect of irrigation water
resource, it was quite clear that sewage effluent decreased
relatively germination %. Difference was significant during
both experimental seasons. However, the trend of response to
specific effect of Citrus spp was not firm during both seasons
where pollen grains of Valencia orange showed significantly
higher germination % than Balady lime in 1* scason, but the
reverse was true during 2™ season. Such conflict in response to
Citrus spp may be due to the environmental condition prevailed

cither before flowering or at sampling date (full bloom) of

flowers materials needed through two seasons of study.
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B. Interaction effect:

However, no specific trend could be detected during
both seasons, but it could be generally noticed that germination
% of the sewage irrigated trees for both lime and Valencia
orange exhibited statistically the same value from one hand and
ranked last from the other.

The decrease in pollen grains viability (germination
9%)in scwage irrigated trees (Balady lime and Valencia orange
cvs) goes in line with findings of Munzuroglu and Gur,
(2000) on apple, who demonstrated that presence of heavy
metals stunted germination % of pollen grains and retarded

tube growth.

IV. L. 1V. Productivity measurements :

In this regard fruit retention; preharvest drop; yield
(number & weight of mature fruits per either the whole
tree or one cubic meter of its canopy) and fruit quality
(physical; chemical properties and mineral compositions
of both fruit peel and pulp) were investigated in response
to specific and interaction effects of irrigation water

resource; Citrus spp / cvs and their combinations.

IV. L. IV. 1. Fruit retention and preharvest drop:
Periodical changes in fruit retention% along their
development (June; August and October) as well as their

preharvest drop in response to irrigation water resource;

Citrus spp / cvs and their combinations were investigated.

M
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Table(17): Pollen grains viability of Balady lime and Valencia
orange trees grown in El-Gabal Al-Asfar and Quesna as
influenced by irrigation water resource (sewage & well)
in the first and second regions, respectively during two
consecutive 2001 - 02 & 2002 - 03 experimental seasons,

Citrus spp/cvs Pollen grains germination %
Waler resource Balady lime Vilentla Mean*
orange
2001- 02 season
SEWize 10.41 12.89 11.65
2 b b B
11.13 16.94 14.35
|
Wel b o &
Mean** 10.77 14.91
B A
2002- 03 season
Sewanga 14.53 12.53 13.53
& be c B
Well 18.47 15.54 17.00
a b A
Mean** 16.50 14.03
A B

*and ** refer to specific effect of water resource and citurs spp / cvs, respectively.

Values within each column or row followed by the same letter / s did'nt significantly
differ at 5 % level, where capital and small letters were used for distingushing berween

means of specific and interaction effects of investigated factors and their combinations,
respectively.,

%
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Data obtained during both 2001-02 and 2002-03
experimental seasons are presented in Table (18).

A. Specific effect:

With regard to specific effect of irrigation water
resource, Table (18) shows that fruit retention % was
decreased by sewage effluent as compared to well water.
Differences were more pronounced and reached
significance level at both carlier dates of measuring 1.c.,
June and August, while at the last date (October)
difference didn’t reach level of significance. Such trend

was true during both experimental seasons.

As for the specific effect of Citrus spp / cvs , it was
clear that the trend of response was not typically the same as
the periodical readings of fruit retention %at June :August and
October were concerned. On the other hand, it could be
detected that Valencia orange cv showed generally the lcast
values of fruit retention % at 3 measuring dates. However, the
differences were more pronounced and reached level of
significance at both Junc and August especially as compared to
the corresponding values of Balady lime and Washington navel
orange during both 2001- 02 and 2002 - 03 ecxperimental

seasons.

In addition with regard to preharvest drop as influenced
by irrigation water resource, Table (18) reveals that the trend
of response took the other way around as compared to that
previously detected with fruit retention%. Herein, sewage

irrigated trees chibited higher percentage of preharvest drop as

__—M
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compared to that of water irrigated trees. Differences were
significant during 2% seasons only.

Nevertheless, the response of preharvest drop to specific
cffect of Citrus spp / cv was not firm during both seasons.
Whereas, Balady lime showed the highest value of preharvest
drop during 1* season, while Washington navel orange ranked 1
during 2" season from the statistical standpoint. However, it
could be generally concluded the Valencia orange showed the
least preharvest drop %, especially as compared to Balady lime
and Washington navel orange during 1* and 2™ scasons,
respectively.

B. Interaction effect:

With regard to the interaction effect of various
combinations between two investigated factors i.e, irrigation
water resource and Citrus spp / cvs on periodical fruit retention
%, it is quite clear as shown from Table (18) that a
considerable differences were detected from one side and
reflected the specific effect of each factor from the other.
Hence, the highest fruits retention % was always in
concomitant to the well irrigated Balady lime trees at three
measuring dates (June; August and October) from the statistical
point of view during two experimental seasons. On the
contrary, the least value of fruit retention percentage was
generally in closed relationship to Valencia orange trecs
irrigated with sewage effluent at three measuring dates during
two scasons. In addition, other combinations were in between
the aforesaid two extremes with some tendency of variances
between four members (combinations) of such intermediate
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category, especially as data of cach measuring date were
compared to the analogous ones of two other dates.

Referring, the preharvest drop %, Table (18) displays
that the trend of response to interaction effect between two
investigated factors (water resource & Citrus spp / cvs) was not
firm during the two seasons of study. Anyhow, during 12
scason the highest preharvest drop % was exhibited by the well
water irrigated Balady lime ftrees. However, in 2 season
sewage irrigated Washington navel orange trees showed
statistically the highest preharvest drop %. In other words, it
could be concluded that both combinations of well water
irrigated Balady lime trees and sewage effluent irrigated
Washington navel trees exhibited generally the greatest
prcharvest drop % as an average of two scasons was
concerned. On the contrary, the least preharvest drop % was
generally related to Valencia orange trees regardless of
irrigation water resource, especially either data of 2" season or
an average of two seasons were concerned. In addition, other

combinations were in between.

The obtained result regarding the reduction in fruit
retention and increase in preharvest drop exhibited by using
sewage cffluent for irrigation may be due to the phytotoxic
effect of presence of some clements in the municipal
wastewater (probably Zn and Ni), Berti and Jacobs, (1996).

IV. L 1V. 2. Yield:
In this regard yield expressed as weight (Kg) and
number of fruits per either an individual whole tree or one

cubic meter of tree canopy volume in response to the irrigation

M
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water resource used (sewage effluent and well water) were
investigated. Data obtained during both 2001 - 02 and 2002 -
03 experimental seasons are presented in Table (19).

With regard to the yield per the whole individual tree,
data obtained during both seasons exhibited that two opposite
trends were detected. Herein, with Balady lime cv yield per
tree expressed either as weight in Kg or number of fruits, was
increased significantly by sewage cffluent as compared to the
well water irrigated trees. Meanwhile, the trend took the other
way around with two orange cultivars, where well water
irrigated trees of Valencia and Washington navel orange
cultivars produced significantly higher yield per tree rather
than the analogous ones irrigated with  sewage
effluent,(regardless of yield per tree was expressed as either
weight or number of harvested fruits). Both trends were true
during two 2001 - 02 and 2002 - 03 experimental seasons for
three Citrus spp / cvs under study.

Nevertheless, as yield was estimated either as weight or
number of harvested fruits per one cubic meter of tree canopy
volume, Table (19) shows that three Citrus spp / cvs followed
the same trend. Hence, the well water irrigated trees of three
citrus cultivars under study surpassed statistically the
analogous ones of sewage irrigated trees in this concern. Such

trend was true during both experimental seasons.

These results regarding the reduction in yield exhibited
by sewage effluent comparing to well water especially when
cropping was estimated per either cubic meter of tree canopy
for three Citrus spp / cvs or per the whole tree for both orange

W
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cultivars (regardless of yield was expressed as weight or
number of harvested fruits) may be attributed to the presence of
specific constituents in sewage water effluent as shown from
Table (4). Moreover, the increase of yield per tree of Valencia
and Washington navel orange cvs exhibited by using well
water for irrigation may be mainly due to the paralleled change
in leafy inflorescence % from one hand, and not dependent
upon the total number of inflorescences from the other as has
been discussed previously in flowering measurcments.

However, the unique exception in this regard i.c, the
increase in yield of Balady lime trees irrigated with swage
effluent when it was estimated as Kg & N® of harvested fruits
per the whole tree which may be explained by the obvious
increase exhibited by using sewage for irrigation in tree canopy
volume of Balady lime cv rather than in those of two orange
cultivars. So the conflict between yield per either the whole
tree of Balady lime per one cubic meter of its canopy volume
could be logically discussed on the fact that sewage irrigated
Balady lime trees had a huge canopy size from one hand
associated with the absent effect of irrigation water resource on
its inflorescence type from the other.

IV. L. 1V. 3. Fruit quality:
IV. L. 1V. 3. 1. Fruit physical properties:

In this regard average fruit weight (g); peel / rind
thickness (mm.); fruit shape index (polar diameter / height:
cquatorial diameter / width) and fruit juice % (by weight) were
the four fruit physical properties investigated in response to
water resource; Citrus spp / cvs and their combinations. Data

%_—_
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Table (19) Yieid of (Balady lime/B.
and Quesna as influence

during two consecutive 2001 - 02 & 2002 - 03 experimental seasons.

L.; Valencia orange / V. 0. and Washington navel orange /
d by irrigation water resource (sewage and well water

W. N. 0.) trees grown in El-Gabal Al-Asfar
) in the 1st and 2nd region, respectively

yield expressed as

Citrus spp / cvs Kg/ tree Number of fruits / per tree Kag/ m°® canopy volume | No. of fruits per (m®) of canopy
w B.L. V.O. [WN.O.| B.L V.0. |WN.O.| B.L V.0. |WN.O.| B.L V.0. [W.N.O.
ater resource
2001 - 02 season
91.9 14.2 233 2800 88 114 0.85 0.30 0.29 25.79 1.97 1.41
'Sewage”
a b b a b a b b b b b b
— 68.2 26.5 249 2140 136 116 1.71 1.1 0.72 53.36 5.140 3.37
m kad
b a a b a a a a a a a a
2002 / 2003 seaon
94.2 16.4 253 2700 108 119 0.70 0.30 0.30 20.42 2.00 1.32
'Sewage”
a b b a b b b b b b b b
"Well 66.0 253 49.8 2240 180 215 1.44 0.86 1.34 48.16 6.00 5.78
D Lad
b a a b a a a a a a a a

* and ** refer to ( El-Gabal Al-Asfar) and (Quesna) regions irrigated with s
same letter / s for a given character during each season

ewag and well water, respectively. Means within the same column followed by the
were not significantly differ at 5 % level.
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obtained during both 2001 - 0?2 and 2002 - 03 experimental
scasons are presented in Table (20).

Average fruit weight:
A. Specific effect:

With regard to specific effect of water resource, Table
(20) shows that well water irrigated trees induced significantly
heavier fruit than those of sewage irrigated ones as average
weight per cach was concerncd during both scasons of study.
However, as the specific effect of fruit spp / cvs was
concerned, it was quite evident that Washington navel orange
had significantly the heaviest fruit, descendingly followed by
Valencia orange and Balady lime.

B.Interaction effect:

The heaviest fruits in their average weight per each was
always in significant concomitant to well water irrigated trees
of  Washington navel orange followed statistically in
descending  order by those of sewage irrigated trees of
Washington navel orange; well water irrigated trees of
Valencia orange; Valencia orange trees irrigated with sewage
effluent and Balady lime fruits of either sewage or well water
irrigated  trees. Difference, were significant during both
seasons.

The increase in average fruit weight associated with
increasing yield may be due to either the desired balance of
nutrients elements ratio or presence of an clement or elements
at higher level than the permissible rate. So further study is
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needed to throw some light about the real reason / s in this

concern.
Fruit rind / peel thickness:

Tabulated data in Table (20) pointed out that
differences in fruit peel thickness due to specific effect of
irrigation water resource were to slight to reach level of
significance during both seasons of study. However, as specific
effect of Citrus spp / cvs was concerned differences were more
pronounced. Whereas, the thickest peel was significantly in
closed relationship to Washington navel orange followed in
descending order by Valencia orange and Balady lime which
ranked statistically the inferior.

B. Interaction effect:

Table (20) reveals that the more pronounced effect of
Citrus spp / cv from one hand and the approximately absence
of responsc o water irrigation water resource from the other on
fruit rind thickness both were reflected on the interaction effect
of their combinations. Herein, the thickest peel was always in
concomitant to Washington navel orange (regardless of
irrigation water resource), descendingly followed by Valencia
orange and Balady lime. Such trend was true during both
scasons and differences were significant, irrespective of the
water resource used.

Fruit shape index (polar: equatorial dimensions):

A. Specific effect:

Data presented in Table (20) showed clearly that no
obvious response to specific effect of irrigation water resource
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was detected regarding the fruit shape index. Since, variance in
fruit shape index was too few to be taken into consideration
during both seasons of study. Meanwhile, the trend of response
to specific effect of Citrus spp / cvs showed relatively an
obvious tendency that Baldy lime fruit had moderately
oblonged shape fruits as compared to those of both orange
cultivars which tended to be approximately round. Differences
in fruit shape values were significant; especially as Baldy lime
fruits were compared to the Valencia orange fruits during or
both scasons of study.

A. Interaction effect:

Table (20) shows that Balady lime fruits had oblonged
shape while both orange cultivars (Valencia & Washington
navel orange) produced rounded fruits, irrespective of water
resource.,

Fruit juice percentage (by weight):
A. Specific effect:

It is quite evident that the fruit Juice % didn’t
significantly respond to water resource. Since, variance was not
S0 cnough to be taken into consideration from the statistical
point of view. On the other hand the response to Citrus spp /
Cvs was more pronounced, where Valencia orange cultivar had
significantly the most juicy fruits followed in descending order
by Balady lime and Washington navel orange fruits.
Differences between three Citrus cultivars were significant as
compared cach other during two seasons of study except with

comparing Balady lime with Washington navel orange during
I* season, where both were statistically similar.
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B. Interaction effect:

Table (20) reveals that fruits of Valencia orange trecs
irrigated with sewage effluent were statistically the juiciest
ones, followed by those of the same orange cultivar irrigated
with well water which ranked statistically 2" during both
seasons of study. On the contrary, the least fruit juice % was
usually in closed relationship to Washington navel orange
irrespective of irrigation water resource. In addition, other
combinations i.c, Balady lime trees irrigated with cither sewage
effluent or well water were in between the aforesaid two
extremes. Differences were significant as combinations of each
category were compared to membei : of two other categories.

The present result regarding the response of fruit peel
thickness to water resource is in agreement with finding of
Maurer et al., (1995-a) on grapefruit who found that no
difference was detected. However the response of fruit rind to
Citrus spp /cv may be attributed the inheritable characteristics
of each species or cultivar itself. Moreover, the conflict in the
present trend regarding the effect of irrigation water resource
on average fruit weight from one hand and detected trend
exhibited by several investigators [Omran, (1988); Koo and
Zekri, (1989); Zekri and Koo, (1990) and Zekri and Koo,
(1994) | may be attributed to the increased (crowdness) of tree
canopy and consequently its efficiency per cach unit
assimilation leaves area. In addition the result of both fruit
shape index and fruit juice percentage to irrigation water
resource may be attributed the paralleled response of both fruit
dimension from one hand, and the own inheritable
characteristics of each citrus cultivar regarding the second
measure (juice stat) from the others.

M

-145- Results and Discussion



m_uamuu%ﬁ.mconm:.EEou

di23lp pue sioneg paie3dusaaul jo §193jj2 uoudRIAWL pue dymdads Jo sumsw udaMmIdq mc_:m_._mcnm,_v 10j pasn azam SIBNI| [ews pue jenden alaym * jaa3) 9, ¢ e
Jay1p Apueayrusis yupip s 4319] WIS 3yl AQ PAMO[]0] MOl JO UUm{o) Y4oBa Utyum sanfep Aj2anoadsal ‘sad ¢ dds s pue samosal 431BM JO 193433 oydads oy ss3a ,, pue ,

J v | q q v v q J ¥ q J i
00Fr | THS | THE ol 01 I't 8t 8t 81 9EIT | 091 | T'TE
A4 P q P v q q B ¥ B q 2 ¥ B 2 P _—
Lrr | €6€ | 975 | 0Ty | 01 0l 01 I'l "3t > 8P 6'¢ 81 |THFI | 0°EET | 0°0LT | S6C
¥ P B 2 \id q q B \d B q 2 v q 2 p sBuiiag
LY | 90V | 8CS | vor | 01 0l 01 I'l e L'ty 9t &1 |L'9TI [T'v61 | 0161 | 6bE
uoseas g0 - 00z
| ¥ q g J gav v \d g ¥ ! | J —
SIF | €IS | £5F S0°T | 00T | OF°I SL'Y | £TF | 01T 0°TIT | S'8LI | 0°ZE
¥ P q o ¥ q q e A4 B q 3 \4 B q P —_
'Sk | 017 | S6t | L'vy | SO'T | 501 0077 [ OI'T | LLE | 08'F | OSF | 0TT | 9'LbT 0°61T [0°T61 | 0°ZE
A4 p2 ® b] L% q q ® v B q b q q b P Biise
8'9F | 0TV | 0'€S | Ss¥ | TO'T | <01 00°1 | OI'L | 09°€ | 69F | LIV | €02 €FEL | 0°50T | 0§91 | 0'€E
uoseas z( - 1007
*UBIN ['ON'M [ "O°A | "T°H [«UBIY [-0'xm O°A | "T'9 |8y |0Nm O°A | "T°d [«usl|0onm '0°AlTg S3ANO0SII JIJB AN

1yBram Aq adejuaaiad aainp Xapui ddeyg nuna g (ww ) ssauyarg [aag (8 ) 1y8m inag saa/dds snupy

"SH0sEIS |ByudmLIadxa €0 - Z00Z % 70 - 1007 2ANNIISUOD OM]} BULIND SUOREUIqWOd J13Y) puE (11em 2 a8emas)
92In0sat Iem uonedLy {(°Q N A\ / 35uRdo [pARn uoJSUIYSEA, PUE 'Q ‘A / 9Suvi0 BRUEBA T g / awn| Apejeg)
ABADND / sapads Jo $303j)3 uonseIUl pue ayrdads 03 asuodsas wr saaq SN npingg jo sanuadoad edrsdyd jnayg ((02) ’1qe L

-146-

Results and Discussion



IV. 1. 1V. 3. 2. Fruit chemical properties:

In this regard fruit juice total soluble solids percentage
(TSS); total acidity; TSS / acid ratio and vitamin C (ascorbic
acid) contents in response to specific and interaction effects of
water resource; Citrus spp / cvs and their combinations were
the investigated fruit chemical properties. Data obtained during
both scasons are presented in Table (21).

Fruit total soluble solids (TSS) %:
A. Specific effect:
Referring the specific effect of irrigation water resource,
it is quite evident as shown from tabulated data in Table (21)
that well water increased significantly fruit juice TSS % as
compared to sewage water effluent during both experimental

s€asons.

As for the specific effect of Citrus spp / cvs, Table (21)
displays obviously that Valencia orange fruits had significantly
the highest TSS % followed statistically in a descending order
by Washington navel orange and Balady lime. Differences
between three citrus cultivars were significant as compared

cach other during two scasons.
B. Interaction effect:

Table (21) displays that specific effect of each
investigated factor (water resource and Citrus spp / cvs) was
reflected directly on their combinations. Herein, Valencia
orange fruits of well water irrigated trees had significantly the
richest juice TSS % during two seasons of study. On the
contrary, Balady lime fruits produced by sewage irrigated trees

M
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were statistically the inferior as their Juice TSS % was
concerned. In addition, other combinations were in between the
aforesaid two extremes with an obvious tendency indicated that
Valencia orange fruits of sewage irrigated trees were
statistically the richest member in such intermediate category.

Fruit juice total acidity:
A. Specific effect:

Concemning the fruit juice total acidity % in relation to
specific effects of irrigation water resource, it is quite clear that
sewage effluent decreased it significantly during both seasons.

Nevertheless, the response to specific effect of Citrus
Spp / cvs was more pronounced where Balady lime fruits had
statistically the richest juice acidity content i.e, 6.79 and 6.83
% during 1** and 2™ seasons, respectively. On the contrary,
Washington navel orange had statistically the least juice acidity
i.e, 0.76 and 0.82 % during 1* and 22 seasons, respectively.
Moreover, Valencia orange cv was intermediate (about1.20 %).

B. Interaction effect:

Table (21) reveals obviously that specific effect of each
investigated factor was reflected directly on its own
combinations. Herein, well water irrigated trees of Balady lime
had statistically the richest fruits in their juice acidity content,
followed statistically by Balady lime trees irrigated with
sewage effluent. On the contrary Washington navel orange
fruits of sewage irrigated trees were statistically the inferior
(the poorest in their juice acidity). In addition, other
combinations were in between with a noticeable tendency
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pointed out that Washington navel orange trees irrigated with
well water was significantly the poorest member of this

intermediate category. Such trend was true during both seasons
of study.

Fruit juice TSS / Acid ratio:
A. Specific effect :

With regard to specific effect of water resource, Table
(21) displays that TSS / acid ratio was decreased significantly
by well water. On the other hand, the trend of response to
specific effect of Citrus spp / cvs exhibited that Washington
navel orange [ruit had the greatest TSS / acid ratio significantly
followed in a descending order by Valencia orange and Balady
lime which ranked statistically last. Such trend of response was
true during both seasons and it could be logically explained on
that fact of the highest total acidity of Baldy lime associated
with lowest TSS wvalue of its fruit juice from one hand
corresponding to the opposite values of both total acidity and
TSS % in Washington navel orange cv.

B. Interaction effect:

Table (21) shows that fruit juice TSS / acid ratio of
sewage irrigated Washington navel orange trees had
significantly the highest value. However, Balady lime fruits
irrespective  of water resource used for irrigation were
statistically the inferior. In addition, Valencia orange fruits
were intermediate, regardless of water resource. The absence of
significance between pair combinations of each Citrus spp / cvs
when compared each other, especially of Balady lime and
Valencia orange reflect the unparalleled rate of response for

D T T T TR S e A D) [ T e
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both components (TSS & acidity) to any of investigated factor.
In other words, differences between fruit juice TSS / acid ratio
of two Balady lime combinations (well water irrigated trees or
sewage cffluent irrigated ones) and also those of Valencia
orange (regardless of water resource) could be mainly
attributed to the unparalleled rates of response in two chemical
constituents to specific effect of water resource as both
combinations of each Citrus spp / cvs (B. L. & V. 0.) were
separately compared each other.

I'ruit juice ascorbic acid (Vitamin C) content:

A. Specific effect:

Data in Table (21) displays that fruit juice Vitamin C
“ascorbic acid” content responds specifically to irrigation water
resource. Hence, well water irrigated trees induced fruits had
significantly higher ascorbic acid level as compared to those of
sewage effluent irrigated trees during both scasons of study. On
the other hand, fruits of both orange cultivars not only had
significantly richer juice than Balady lime fruits but also were
the same from statistical point of view as their vitamin C
content was compared during the two scasons of study
regarding the response to specific effect of Citrus spp / cvs .

B. Interaction effect:

Table (21) reveals that well water irrigated trees of both
orange cultivars (Valencia and Washington navel) induced
fruits with the richest juice Vitamin C content from statistical

point of view during both seasons.

m
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On the contrary, Baldy lime fruits especially those of
sewage effluent irrigated trees were the poorest in their
Vitamin C content. In addition, othcr combinations were in

between the aforesaid two extremes.

Our data regarding the influence of sewage effluent are
in agreement with the findings of Koo and Zekri, (1985) on
orange and Davies and Maurer, (1993) on some Citrus spp,
who demonstrated that the municipal wastewater decreased
both fruit juice TSS and acidity. Morcover the reduction
exhibited in fruit juice TSS; acidity and TSS / acid ratio due to
irrigation with sewage cffluent is supported by Zekri and Koo,
(1993) and Koo and Zekri, (1994) on some sweet orange
cultivars.

IV. 1. IV. 4. Fruit peel and pulp mineral composition:
In this regard fruit peel and pulp N; P; K; Mg; Fe;
Mn; Zn; Cu; Na; Pb and Ni contents in response to specific and
intcraction effects of irrigation water resource; Citrus spp / cv
and their combinations were investigated. Data obtained during
both experimental seasons of 2001 - 02 and 2002 - 03 arc
presented in Tables (22); (23); (24); (25); (26) and (27).

Fruit peel and pulp nitrogen content:
A. Specific effect:
- With regard to specific of irrigation water resource on
fruit peel and pulp N%, Tables (22) and (23) display that
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sewage effluent increased significantly N content as compared
to well water during both experimental seasons.

As for the specific effect of Citrus spp / cv, data
obtained exhibited that Balady lime was statistically the richest
as N% of its fruit peel and pulp was concerncd. However, two
sweet orange cultivars i.e, Valencia and Washington navel
were to great extent similar from statistical standpoint, except
in 1% scason (2001 - 02) where Valencia had richer pecl but
Washington navel was richer as fruit pulp was concerned.

B. Interaction effect:

Tables (22) and (23) show that sewage cffluent irrigated
trees of Balady lime had statistically the richest fruits in their
rind and pulp N %. On the contrary, the poorest fruits in their
peel and pulp N contents were always in concomitant to those
of well water irrigated Washington navel orange trees. In
addition, other combinations were in between with a noticeable
tendency pointed out that sewage irrigated trees of Washington
navel orange induced fruits had relatively higher peel and pulp
N%.

The obtained results regarding the higher peel and pulp
N% in fruits of sewage irrigated trees rather than the analogous
ones of well water irrigated trees may be attributed to the
relative higher N content in sewage cffluent than in well water

as shown from Table (4).

___;‘_____#—._——-———_——_ﬂ
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['ruit peel and pulp phosphorus contents:
A. Specific effect:

[t is quite cvident that the responses of fruit peel and
pulp P % to the specific effect of two investigated factors
(water resource & Citrus spp / cvs) followed to great extent the
same trends previously detected with nitrogen content. Herein,
sewage irrigated trees exceeded statistically the well water
irrigated  ones. Moreover, Balady lime was richer and
Washington navel orange was the poorest in this concern.
However, differences between three Citrus spp / cvs were
relatively less pronounced, especially  Balady  lime  and
Valencia orange which didn’t significantly differ when
compared each other regarding their fruit peel and pulp P %
during two seasons of study.

B. Interaction effect:

Concerning  the interaction effect of different
combinations between two investigated factors on fruit pecl
and pulp P %, Tables (22) and (23) show that differences were
relatively light, especially in fruit pulp. However, it could be
noticed that sewage irrigated trees of Balady lime and to great
extent Valencia orange induced fruits had statistically the
highest peel and pulp P level, while the reverse was found with
well water irrigated Washington navel orange trees which
showed the Icast P level in their fruit peel and pulp. In addition,
other combinations were in between the aforesaid two
extremes.

These results could be logically explained depending

upon the higher P level of sewage effluent from one hand and

el —
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the superiority of Balady lime and Valencia orange over
Washington navel orange regarding their potentiality for P
absorption from the other.

Besides, the increase in P pulp due to using sewage

effluent is in partial agreement with Meheriuk and Neilsen,
(1991) on apples.

Fruit peel and pulp potassium content:
A. Specific effect:

Data obtained during both scasons as shown from
Tables (22) and (23) declared that the response followed
typically the same trend previously found with N and P %
regarding the specific effect of irrigation water resource.
Herein, the sewage cffluent increased significantly both pecl
and pulp K %. However, with the specific effect of Citrus spp /
cvs the trend was generally the same which declared the
superiority of both Balady lime and Valencia orange

corresponded to the inferiority of Washington navel orange.
B. Interaction effect:

Referring the interaction effect, tabulated data in Tables
(22) and (23) reveal that sewage irrigated trees of both Balady
lime and Valencia orange produced fruits had statistically the
highest peel and pulp K contents, especially as an average of
two scasons was concerned. The reverse was truc with
Washington navel orange trees irrigated with well water, where
the least fruit peel and pulp K % was found. In addition, other

combinations were in between the aforesaid two extremes.
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These results could be logically discussed on the fact
that sewage effluent contained obviously higher K than well
water as shown in Table (4).

Moreover, finding of Meheriuk and Neilsen, (1991) on
apple ¢v Mclntoch gives Support to our result regarding the
increase if fruit K content exhibited by using municipal
wastewater for irrigation

Iruit peel and pulp magnesium content:
A. Specific effect:

However, the trends of response to specific cffect of two
investigated factors were not so firm as those previously
discussed with N: P: and K %, but it could be generally noticed
that sewage effluent increased Mg level in most cases.
Moreover, Washington navel orange fruits were the inferior
regarding their peel and pulp Mg content.

B. Interaction effect:

Generally, it could be safely concluded that Balady
lime fruits of sewage irrigated trees had significantly the richest
peel and pulp Mg %. On the contrary, well water irrigated trees
of Washington navel orange induced fruits of the least peel and
pulp Mg %. In addition, other combinations were in between
with a noticcable tendency of variance between members of
such intermediate category which reflected the uncoincident
trends of response for both fruit peel and pulp cven to the same
combination not only from one season to another but also as
Mg content of either fruit peel or fruit pulp were concerned.
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Table (22): Fruit peel N; P; K and Mg content of fruitful citrus trees in response to specific and interaction effects of species /
cultivar (Balady lime / B. L.; Valencia orange / V. O. and Washington navel orange / W. N. O.); irrigation water
resource (sewage & well) and their combinations during two consecutive 2001 - 02 & 2002 - 03 experimental seasons.

Results and Discussion

Citrus spp / cvs N 2, P Y% K % 7~m o
~— :
Water «nmo=7 B.L. | V. O.|wNo0.[Mean®| B. L. | V. O.|WN.0. | Mean* | B. L. | V. Q. |W.N.0. | Mean® B. L. |V.O.|W.N.O. | Mean*
2001 - 02 season
Sewage 2361 1.65 ] 2.08 | 2.10 [0.112]0.098] 0.088 | 0.099 0.890| 0.820 | 0.780 0.83 [0.263]0.247|0.181(0.230
g il C b A a. ab be A a b c A a b C A ;
well 1521 1.40 | 1.33 | 1.48 [ 0.070]0.083 0.065]0.073]0.700] 0.680]0.570| 0.65 0.152]0.12810.050{0.110 "..1....
d e d B cd | bed | d B d d e B d e f B i
Mean** 2.04 | 1.53 | 1.81 0.091|0.091|0.077 0.795} 0.750| 0.675 0.20810.188]0.115
S A|l C| B A|-A| B Al A| B A|l A| B
2002 - 03 season
Sewage 2271 1.77 | 2.06 | 2.03 |0.135|0.112]0.0820.110 0.930]0.940]0.890| 0.92 | 0.264]0.220|0.169 0.218
g a c b A a b C A a a b A a d e A
well 148 | 1.62 ] 1.44 | 1.51 |0.063|0.069]0.0480.060 0.7301 0.610] 0.640| 0.66 | 0.252]0.230]0.156 0.213
e d e B de cd ¢ B ¢ d d B b C f A
Meag** 1.88 | 1.70 | 1.75 0.099|0.091| 0.065 0.830]0.775| 0.765 0.258]0.225]0.163
A B B |/ A A B A | AB| B A B C

* and ** refer to specific effect of water resource and ciiurs spp / ¢vs, respectively. Values within each column or row followed by the same letter / s didn't
significantly differ at 5 % level , where capital and small leniers were used for distingushing berween means of specific and interaction effects of investigated factors
and their combinations, respectively
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Theses results may be attributed to the less pronounced
differences in Mg content of both irrigation with water
resource. In addition, the increase in fruit peel and pulp Mg
content resulted by irrigation with sewage goes in line of
Meheriuk and Nielsen, (1991) on Mcltntoch apple cv.

Fruit peel and pulp iron content:
A. Specific effect:

With regard to specific cffect of irrigation water
resource, Tables (24) and (25) show that sewage effluent
increased significantly Fe content in both peel and pulp of
different Citrus spp / cv under study. However, the trend of
response to Citrus spp / cvs indicated that Valencia orange had
statistically the highest fruit peel and pulp Fe content, while
both Balady lime and Washington navel orange were to great
extent the same as their fruit peel and pulp Fe content were

concerned in most cases during both seasons of study.
B. Interaction effect:

Data obtained during both seasons revealed obviously
that the highest fruit peel and pulp Fe content was significantly
always in concomitant to such combination represented the
sewage effluent irrigated trees of Valencia orange. On the
contrary, the least fruit peel and pulp Fe content was markedly
in closed relationship to Washington navel orange trees
irrigated with well water, The inferiority of such combination
was significant during both seasons for both fruit peel and pulp
with the unique exception that peel of Balady lime fruits was

statistically the poorest in its Fe content under irrigation with
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sewage cffluent in the 1% 2001- 02experimental season. In
addition other combination were in between.

Fruit peel and pulp manganese content:
A. Specific effect:

Referring the specific effect of water resource on fruit
peel and pulp Mn content, data obtained during both seasons as
shown in Tables (24) and (25) indicate that the variance in
most cases was too slight to reach level of significance. Such
trend was true during both seasons for fruit pulp, but in 2%
scason only for fruit peel. However, in 1# season fruit peel Mn
content increased significantly by scwage effluent.

As for the specific effect of Citrus spp / cvs, it could be
noticed that Washington navel orange had statistically the
richest fruit peel Mn content, while the reverse was tree for
Valencia orange especially in 2™ scason. On the other hand,
the response of fruit pulp Mn content to specific effect of
Citrus spp / cv followed the same trend of fruit peel pertaining
the inferiority of Valencia orange and superiority of
Washington navel orange. However, difference between Baldy
lime and Washington navel orange didn’t reach level of

significance during both seasons of study.
B. Interaction effect:

Nevertheless, the trend of response to interaction cffect
of two investigated factors was not so firm for Mn content of
both fruit rind and pulp. However, it could be generally
concluded that fruit rind of Washington navel orange trees
irrigated with sewage effluent was statistically the richest in

%
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this concern. On the other hand the richest fruit pulp in its Mn
content was in closed relationship to sewage irrigated Balady
lime trees, especially as an average of two scasons was
concerned. In addition, other combinations didi.nt follow
specific firm trend during both seasons.

Fruit peel and pulp zinc content:

A. Specific effect:

Concerning the specific effect of irrigation water
resource, tabulated data in Tables (24) and (25) declared that
sewage irrigated trees had statistically the richest fruits in their
peel and pulp Zn contents as compared to those of well water
irrigated ones.

As for the specific effect of Citrus spp / cvs, it is quite
clear to be noticed that Balady lime fruits were statistically the
richest as their fruit peel and pulp Zn contents were concerned
during both scasons. However, the two orange cultivars were
nearly the same, especially during 2™ season or as an average
of two seasons were concerned.

B. Interaction effect:

Data obtained during both seasons displayed that Balady
lime trees irrigated with sewage effluent induced statistically
the richest fruits in their peel and pulp Zn content. On the
contrary, well water irrigated trees of both orange cultivars
induced in most cases fruits with the least Zn level in their
peels and pulps during both seasons. Other combinations were

in between the aforesaid two extremes.

M
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Fruit peel and pulp copper content:
A. Specific effect:

With regard to specific effect of water resource, it is
quite evident as shown from Tables (24) and (25) that
irrigation with sewage cffluent increased significantly fruit peel
and pulp Cu content. Meanwhile, the response to specific effect
of Citrus spp / cvs exhibited that fruit peel and pulp of Balady
lime were the richest in their Cu content. While the reverse was
truc with Valencia orange. Differences between three Citrus
Spp / cvs were significant as they were compared each other
during two scasons, except when peel Cu content of Valencia
and Washington navel orange fruits were compared during 1*
season, where difference didn’t reach level of significance.

B. Interaction effect:

Referring the response to interaction cffect of various
combinations between two investigated factors (water resource
and Citrus spp / cvs), tabulated data in Tables (24) and (25)
revealed that fruit peel and pulp of Balady lime trees irrigated
with sewage effluent were statistically the richest in their Cy
content. On the contrary, the least Cu Jevel was usually in
concomitant to fruit peel and pulp of Valencia orange trees
supplied with well water during two seasons of study. In
addition, other combinations were in between.

The increase in fruit peel and pulp Cu content of sewage
irrigated trees as observed from the present study is in
agreement with finding of Hamad, (1993) on some vegetable
crops, who pointed out that higher accumulation of Cu in fruits
of irrigated plants with Séwage may constitute a real problem.
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Table (24): Fruit peel Fe; Mn; Zn and Cu content of fruitful citrus trees in response to specific and interaction effects of

species / cultivar (Balady lime / B. L.; Valencia orange / V. O. and Washington navel orange / W. N. O.); irrigation
water resource (sewage & well) and their combinations during two consecutive 2001 - 02 & 2002 - 03 experimental
seasons.

Water resource

Citrus spp/cvs Fe ppm Mn ppm Zn ppm Cu ppm

B.L. | V. O.|wx.0.|Mean*| B. L. | V. O.|W.N.0.|Mean*| B. L. | V. O. |W.N.O. Mean*| B. L. | V. O. |[W.N.O. | Mean*

2001 - 02 season

533 | 109.6| 82.8 | 81.9 | 14.30| 13.30| 20.30| 1597 | 45.0 | 41.5 | 38.5 | 41.7 25.61|18.86|23.14 | 22.54

BEwRge d a b A b C a A a b C A a c b A
well 475 | 764 | 372 | 53.7 | 10.80|12.00| 11.70 | 11.50| 42.5 | 38.0 | 35.0 | 38.5 [ 13.95| 8.15 | 13.26| 1L.79
e | ¢ cl Bl £l da|l e | Bl b | c| d|B| d]|] ]| d]| B

N 50.4 | 93.0 | 60.0 12.55 | 12.65| 16.00 438 | 399 | 368 19.78] 13.51 18.20

c| A | B B | B| A A | B | ¢ Al c| B

2002 - 03 season

Sheracn 10581 129.8] 82.1 | 105.9] 8.89 | 7.14 [ 11.63] 9.22 | 38.0 | 33.0 | 33.5 | 34.8 | 17.86| 12.97 | 13.11| 14.65
& b | al cl alb| d|lalalalbvb]|bv|a]alb|b]|A
well 522 | 648 | 57.8 | 583 | 9.12 | 7.47 | 9.10 | 8.56 | 33.0 | 27.0 | 28.0 | 29.3 [ 10.56| 9.96 | 9.66 | 10.06
f d e B b C b A b C c B cd d d B

. 79.0 | 97.3 | 70.0 9.00 | 7.30 | 10.37 355 | 30.0 | 30.8 1421 11.47 | 11.39

¢ B | A | B B | Cc| A Al B | B A|l B | B

* and ** refer to specific effect of water resource and citurs spp / cvs, respectively. Values within each column or row followed by the same letter / s didn't
significantly differ at 5 % level, where capital and small letters were used for distingushing berween means of specific and interaction effects of investigated
factors and their combinations, respectively.
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Fruit Peel and pulp sodium content:
A. Specific effect:

Fruit peel and pulp Na content respond significantly to
the irrigation water resource. Herein, Tables (26) and (27)
show that sewage irrigated trees had richest fruits in their peel
and pulp Na content. Differences were significant as comparcd
to the analogous ones of well water irrigated trees during both
2001- 02 and 2002 - 03 scasons.

Nevertheless, the specific effect of Citrus spp/cvs
indicated that Balady lime was the richest, while Washington
navel orange had the least fruit peel and pulp Na content.
Differences were significant, cspecially as both Balady lime
and Washington navel orange were compared cach other
during two seasons of study. Valencia orange was intermediate,
however it didn’t significantly when its peel and pulp Na
contents were compared to those of Balady lime during two
scasons and Washington navel orange during 2" season only,
respectively.

B. Interaction effect:

Tables (26) and (27) show that fruit peel and pulp of
sewage irrigated trees for both Balady lime and Valencia
orange had statistically the highest Na level. However, both the
superior combination didn’t significantly differ as their fruit
peel Na content was compared during two seasons, but with
their pulp Na content Balady lime surpassed statistically
Valencia orange during both scasons. On the contrary, the least

Na content was generally coupled with fruit peel and pulp of

w
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Washington navel orange trees irrigated with well water. In
addition, other combinations were in between.

This result is in general agreement with the findings of
Meheriuk and Neilsen, (1991) on MclIntoch apple cultivar
regarding the increase in fruit Na exhibited by using municipal
wastewater for irrigation.

Fruit peel and pulp lead content:
A. Specific effect:

With regard to specific effect of irrigation  water
resource on fruit peel and pulp Pb content, it is quite evident as
shown from Tables (26) and (27) that sewage irrigated trecs
cxhibited statistically higher level than those of well water
irrigated trees during both experimental seasons.

Referring the to response specific effect of Citrus spp /
Cvs, two opposite trends were detected for both fruit peel and
pulp. Herein, with fruit peel the highest Pb level was markedly
coupled with Balady lime from statistical standpoint.
Meanwhile, the highest fruit pulp Pb content was significantly
detected by Washington navel orange. In other words, Balady
lime fruits characterized by the highest peel Pb level and
lowest pulp Pb content, while the reverse was true for
Washington navel orange fruits where they showed the least
and highest Pb levels in their peel and pulp, respectively. In
addition, Valencia orange was intermediate in this concern.

B. Interaction effect:

Specific effect of both investigated factors as shown
from Tables (26) and (27) reflected obviously on interaction
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effect of their combinations. Hence, sewage irrigated trees of
Balady lime induced fruits with the highest peel Pb content,
while the highest fruit pulp Pb level was significantly coupled
with Washington navel orange trees irrigated with sewage
effluent. On the contrary, the least lead level was generally in
closed relationship to well water irrigated trees of three Citrus
spp / cvs, especially Valencia orange during sccond scason,
where its fruits were statistically the inferior as both peel and
pulp Pb were concerned.

The findings of Aboulroos et al, (1989) on orange
fruits and maizc; Hamad et al., (1993) on tomato; Darwish et
al., (1997) on some Citrus spp and Hussein et al., (1999) on
palm trces gave support to our findings regarding the increase
exhibited in fruits of sewage irrigated trees.

Fruit peel and pulp Nickel content:
A. Specific effect:

It is quite clear that fruit peel and pulp Ni content
respond significantly to irrigation water resource. Hence, the
sewage irrigated citrus trees exceeded statistically the well
water irrigated ones as their fruit peel and pulp Ni content was
concerned during both experimental seasons.

Nevertheless, the response to specific of Citrus spp / cv
was relatively less pronounced as compared to that of water
resource. However, it could be generally concluded that
Washington navel orange had higher level. On the contrary
Balady lime was the inferior while Valencia was in between.
Differences were significant especially as both Balady lime and
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Washington navel orange were compared each other during
two experimental scasons.

B. Interaction effect:

The highest fruit Ni level was always in significant
concomitant to both fruit peel and pulp of Washington navel
orange trees irrigated with sewage effluent. On the contrary,
the least Ni content was markedly coupled with Balady lime
[ruits  of  well water-irrigated trees.  In addition, other
combinations were in between.

The present result regarding the increase in fruit pecel
and pulp Ni content of sewage irrigated citrus trees is in
harmony with the findings of Aboulroos ef al, (1989) on
maize and orange; Hamad, (1993) on some vegetable crops
and Hussein et al., (1999) on date palm, all demonstrated an

obvious increase in fruits of municipal wastewater irrigated
plants.
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Table (26): Fruit peel sodium and some heavy
species/cultivar (Balady lime/B. L.;

(sewage & well) and their combinations during two consecutive 2001 - 02 & 2002 - 03 experimental seasons.

metals (Pb & Ni) content of fruitful citrus trees in response to specific and interaction effects of
Valencia orange/V. O. and Washington navel orange/W. N. 0); irrigation water resource

Citrus spp/evs Na % Pb ppm Ni ppm
Water resource B.L. V.0. |W.N.O.| Mean* | B.L. V.0. |W.N.0.| Mean* | B.L. V.0. [W.N.O.| Mean*
2001 - 02 season
S 0.573 0.589 0.477 0.546 1.44 1.33 1.24 1.34 2.23 2.50 2.60 2.37
ewage
a a b A a b c A c b a A
well 0.413 0.349 0.332 0.365 1.00 0.99 1.00 0.99 1.68 1.73 173 1.71
c d e B d d d B d d d B
Mean** 0.493 0.469 0.405 1.22 1.16 1.12 1.95 2.12 217
A A B A B C B A A
2002 - 03 season
Sewiiss 0.569 0.600 0.465 0.545 1.44 1.30 1.20 1.31 277 2.50 3N 2.79
€ a a b A a b c A b ¢ a A
vl 0.438 0.374 0.357 0.390 1.00 0.87 0.94 0.94 1.54 2.03 2.08 1.88
b b b B d e d B e d d B
Mean** 0.504 0.487 0.411 1.22 1.09 1.07 2.16 2.27 2.59
A A B A B B B AB A

and their combinations, respectively.

and ** refer to specific effect of water resource and citurs spp/cvs,
significantly differ at 5 % level, where capital and small letters were used for distingushing b

respectively. Values within each column or row followed by the same letter / s didn't

erween means of specific and interaction effects of investigated factors
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IV. II. Second experiment (“Potted Valencia nursery
trees “transplants”)

In this respect factorial experiment was conducted on
two year old Valencia orange nursery trees (transplants)
budded on three rootstocks namely: Volkameriana, rough
lemon and Cleopatra mandarin grown in pots contained virgin
sandy soil brought from two regions (EL-Gabal Al-Asfar and
Dahshour) and irrigated with cither primary trecated scwagce
offluent or fresh water. The response to specific effect of water
resource: citrus rootstocks used and soil sites (regions), as well
as interaction effect of different combinations between three
investigated factors was evaluated through the following

vegetative growth and chemical measurements.
IV. IL . Vegetative growth measurements:

In this regard nursery tree (transplant) height; scion
diameter; number of leaves average leal area; root length; dry
weight of different plant organs (lcaves, shoot, root and total
plant weight) and top root ratio were investigated. Data
obtained during both scasons arc presented in Tables (28) and
(29).

Nursery tree (transplant) height:
A. Specific effect:

With regard to specific effect of irrigation  water
resource, Table (28) displays obviously that the sewage
effluent irrigated nursery trees (transplants) were significantly
taller than those of fresh water irrigated ones. Meanwhile, the

specific effect of soil site was approximately absent, where
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transplant height of Valencia orange grown in two soil sites
was equally the same.

As for the specific effect of citrus rootstocks used, it is
quite evident that Valencia orange nursery trees (transplants)
transplants on Volkameriana were significantly the tallest,
descendingly followed by those on rough lemon. On the
contrary Valencia orange budded on Cleopatra mandarin were
statistically the shortest ones. Differences between three citrus
rootstocks were significant as compared each other during both
experimental seasons.

B. Interaction effect:

With regard to the response of nursery tree (transplant)
height to interaction effect of three investigated factors (water
resource X rootstock X soil site), Table (28) displays that the
tallest Valencia orange nursery trees (transplants) were
significantly coupled to both combinations represented those
budded on Volkameriana and irrigated with sewage effluent
when grown in either El-Gabal Al-Asfar or Dahshour soil
which ranked statistically 1% and 2 respectively. On the
contrary, the shortest nursery trees (transplants) were markedly
in closed relationship to the fresh water irrigated ones budded
on Cleopatra mandarin rootstock grown in either El-Gabal Al-
Asfar or Dahshour soils, as well as those on rough lemon
grown in Dahshour soil and supplied with fresh water. Such
trend was true during both experimental seasons. In addition,
other combinations were in between the aforesaid two
extremes.

%
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Scion diameter:
A. Specific effect:

With respect to specific effect of water resource, it is
quite clear as shown from Table (28) that scion diameter of
sewage irrigated Valencia orange nursery trecs (transplants)
was significantly thicker than that of fresh water irrigated ones
during both seasons of study.

Referring the specific effect of citrus rootstock uscd,
data obtained during both scasons cxhibited that budded trecs
on Volkameriana rootstock had the thickest scion as compared
to those on ecither rough lemon or Cleopatra mandarin
rootstocks. Meanwhile, difference between both rough lemon
and Cleopatra mandarin was too few to be taken into
consideration from the statistical point of view during both
experimental seasons.

Concerning the specific effect of sandy soil site,
tabulated data in Table (28) displays that the response was
completely absent, where scion diameter of nursery trees
(transplants) grown in either El-Gabal Al-Asfar or Dahshour
sites was equally the same during two seasons of study.

B. Interaction effect:

The response to interaction effect of various
combinations between three investigated factors exhibited that
the thickest scion was always insignificant concomitant to the
budded Valencia orange nursery trees (transplants) on
Volkameriana and irrigated with primary treated sewage
effluent, regardless of site from which growing medium (soil)
was brought. Such trend reflects the more pronounced effect of

#
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both citrus rootstock and irrigation water resource associated
with the absence of the soil site effect. On the contrary, the
thinnest scion diameter of Valencia orange nursery trees
(transplants) was generally in closed relationship to those
budded on rough lemon, irrigated with fresh water and grown
in Dahshour soil, beside such fresh water irrigated nursery
trees (transplants) on Cleopatra mandarin, regardless of soil
site. In addition, other combinations were in between with
some tendency of relative variance as members of such
catcgory compared ecither each other or to the aforesaid
combinations of the superior and inferior categories during
both seasons of study.

Average number of leaves per nursery trees
(transplants):

A. Specific effect:

Table (28) shows obviously the superiority of primary
treated sewage effluent over fresh water as the specific effect
of water resource used for irrigation was concerned. Difference
was significant during both seasons of study. On the other hand
the superiority of Volkameriana rootstock was significantly
observed as compared to two other ones used for budding.
Cleopatra mandarin was the inferior, while rough lemon was
intermediate. Differences were significant as three citrus
rootstocks were compared each other during two seasons of
study.

Referring the specific effect of soil site, it was quite
clear that variance was completely absent from statistical point
of view during both seasons of study.

“
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B. Interaction effect:

The superiority of sewage effluent over fresh water and
Volkameriana over rough lemon and Cleopatra mandarin as
specific effect of both irrigation water resource and citrus
rootstocks were respectively concerned reflected directly on
the differential twelve investigated combinations of (3
rootstocks X 2 water resources X 2 soil sites). Herein, the
Valencia orange trees budded on Volkameriana rootstocks,
subjected to irrigation with sewage effluent and grown in El-
Gabal Al-Asfar soil, exhibited statistically the greatest number
of lcaves per cach individual transplant. On the contrary, the
fewest number of leaves per transplant was related to both
combinations representative of fresh water irrigated trees
budded on Cleopatra mandarin, and grown in either El-Gabal
Al-Asfar or Dahshour soil, especially in former soil region.
The inferiority of the aforesaid two combinations (Valencia
orange nursery trees (transplants) + fresh water in soils of both
sites) was significant as compared to other investigated
combinations during both seasons of study. In addition, other
combinations were in between the aforesaid two extremes

during two seasons.
Average leaf area:
A. Specific effect

Concerning the specific effect of irrigation water
resource on average leaf area, Table (28) reveals that sewage
irrigated  transplants  had significantly larger leafl arca.
However, the specific effects of two other investigated factors
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¢, citrus rootstocks and soil site were completely absent from
the statistical standpoint during two seasons.
B. Interaction effects:

Regarding the response of average leafl arca to
interaction effect of different combinations between three
investigated factors, (3 rootstocks X 2 water resources X 2 soil
sites), Table (28) discloses that the greatest leaf area was
usually coupled with the swage irrigated Valencia orange
nursery trees (transplants) budded on cither Volkameriana or
rough lemon rootstocks, regardless of sites from which soil
was brought. Such trend was true cither data of each season or
an average of two seasons were concerned. Morcover, the
analogous combination of those budded on Cleopatra mandarin
and irrigated with sewage effluent (regardless of soils site)
ranked second, especially as an average of two seasons was
concerned. On the contrary, the smallest leaf area was closely
related to three combinations representative of the fresh water
irrigated nursery trees (transplants) i.e, those grown in cither
El-Gabal Al-Asfar soil (budded on Volkameriana and
Cleopatra mandarin) or in Dahshour soil (budded on rough
lemon). However, three other combinations of fresh water
irrigated transplants showed relatively intermediated leaf area.

Average root length:
A. Specific effect:

Regarding the specific effect of irrigation  water
resource, Table (28) discloses that response of root length
followed an opposite trend to that previously detected for the
aforesaid four growth measurements. Herein, sewage effluent
depressed the penetration of root system and produced shorter

%
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roots than those of fresh water irrigated transplants.
Mecanwhile, trees budded on Volkameriana had significantly
the longest roots, descendingly followed statistically by those
on rough lemon and Cleopatra mandarin. In addition, specific
effect of soil was more pronounced for such parameter, where
nursery trees (transplants) grown in El-Gabal Al-Asfar soil
exhibited statistically longer roots than those in Dahshour soil
during both seasons.
B. Interaction effect:

With regard to the interaction cffect, Table (28)
displays obviously that the most penetrated root  system
(decpest / longest) was always in significant concomitant to
the fresh water irrigated Valencia orange nurscry (rees
(transplants) budded on either Volkameriana or rough lemon
rootstocks and grown in El-Gabal Al-Asfar soil during both
experimental seasons.

On the contrary, the shortest roots were generally
coupled with sewage irrigated Valencia orange nursery trees
(transplants) budded on either Cleopatra mandarin or rough
lemon and grown in both soil sites or Dahshour site during |2
and 2™ seasons, respectively.

In addition other combinations were in between the
aforesaid two extremes during two seasons of study.

Shoot dry weight:

In this regard shoots dry weight per cach individual
transplant in response to specific and interaction effects of
three investigated factors (water resource; citrus rootstocks and
soil site) and their combinations were studied.

‘_w__—________—_——ﬁ———w———w——___
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Data obtained during both 2000-02 and 2001-03
experimental seasons are presented in Table (29).

A. Specific effect:

Referring the specific effect of irrigation water resource,
Table (29) reveals that Valencia orange nursery trees
(transplants) irrigated with sewage cffluent had statistically
heavier shoots than the analogous ones irrigated with fresh
water during both seasons of study.

Rcferring the specific effect of citrus rootstocks, it is
quite evident that the heaviest shoots dry weight were
significantly in closed relationship to Valencia orange nursery
trees (transplants) budded on Volkameriana, descendingly
followed by those on rough lemon and Cleopatra mandarin.
Differcnces between three rootstocks were significant as
compared each other during two seasons of study.

Concerning the specific effect of soil site, Table (29)
displays that difference between two soil sites were so slight to
reach level of significance, where shoots dry weight of
Valencia orange nursery trees (transplants) grown in both
Dahshour and. El- Gabal Al-Asfar soils were of comparable
weight.

B. Interaction effect:

Data obtained during both seasons displayed that
specific effect of cach investigated factor was directly reflected
on their interaction effect. Herein, the heaviest shoots dry
weight of Valencia orange transplants were significantly

coupled with those budded on Volkameriana, irrigated with

—————————————————————————————————
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sewage cffluent and grown in pots filled with soil brought from
El-Gabal Al-Asfar region. Moreover, those on the same
rootstock (Volkameriana) grown in soil of Dahshour region
and subjected to irrigation with sewage effluent ranked
statistically second during both seasons of study. On the
contrary, the lightest shoot dry weight was always in
concomitant to fresh water irrigated Valencia orange nursery
trees (transplants) budded on Cleopatra mandarin, grown in El-
Gabal Al-Asfar soil when supplied with fresh water. In
addition, other combinations were in between the aforesaid two
extremes.

Leaves dry weight:
A. Specific effect:

Table (29) shows that the leaves dry weight followed
typically the same trends previously detected with the shoots
dry weight regarding the response to specific effect of three
investigated factors. Herein, the lcaves dry weight was
significantly increased by sewage effluent irrigated Valencia
orange nursery trees (transplants) from one hand and those
budded on Volkameriana rootstock from the other as the
specific effect of water resource and citrus rootstock were
concerned, respectively. However, the variance due to soil site
was too small to be taken into consideration from the statistical
standpoint.

B. Interaction effect:
Table (29) reveals obviously that the heaviest leaves
dry weight was significantly in closed relationship to the
sewage irrigated Valencia orange trees budded on

%
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Volkameriana rootstock and grown in bags filled with El-
Gabal Al-Asfar soil. Meanwhile, those on the same rootstock
and irrigated with the same irrigation water resource but grown
in the other soil (Dahshour soil) ranked statistically 2" On the
contrary, the lightest leaves dry weight was markedly in closed
relationship to fresh water irrigated Valencia orange trees
budded on Cleopatra mandarin, regardless of soil site. In
addition, other combinations were in between the aforesaid two
extremes.

Root system dry weight:

A. Specific effect:

With regard to specific effect of irrigation waler
resource, Table (29) displays that the trend of response took
the other way around to that previously detected with both
shoots and leaves dry weight. Herein, fresh water irrigated
nursery trees (transplants) exhibited statistically heavier root
system dry weight as compared to those irrigated with sewage
effluent during both experimental seasons.

As for the specific effect of citrus rootstock, it is quite
clear that root system dry weight followed typically the same
trend previously detected with either shoots or leaves dry
weight. Whereas, the heaviest roots dry weight was closely
linked with the nursery trees (transplants) budded on
Volkameriana. The opposite was found with those on
Cleopatra mandarin, while those on rough lemon were in
between. Differences between three citrus ‘rootstocks were
significant as compared each other during two seasons of
study.

#
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Referring the response to soil site, Table (29) shows
that variance was too few to be taken into consideration.

B. Interaction effect:

It is quite clear as shown from Table (29) that the
interaction effect of various combinations between three
investigated factors was a real reflection of their specific effect.
So, the-heaviest root system dry weight was markedly coupled
with the fresh water irrigated trees budded on Volkameriana
and grown in El-Gabal Al-Asfar soil. Morcover, combination
representing  the fresh water irrigated trees budded on
Volkameriana and grown in Dahshour soil ranked statistically
seccond as their root system dry weight was concerned during
both experimental seasons.

On the other contrary, the least root system dry weight
was obviously correlated to the sewage irrigated nursery trees
(transplants) budded on Cleopatra mandarin, especially those
grown in pots filled with Dahshour soil. In addition, other
combinations were in between with a noticeable tendency
pointed out that those of fresh water irrigated nursery trees
(transplants) budded on rough lemon and grown in El-Gabal
Al-Asfar soil had significantly heavier roots dry weight as
compared to the combinations of such intermediate category.

The conflicted trends detected in the present results
regarding the response of both above and underground systems
dry weight in response to specific effect of irrigation water
resource may be attributed to the variance in depletion rates of
photosynthetic substances (especially carbohydrates) exhausted
in growth process of the above ground system (shoots &

%
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leaves) under two irrigation water resources. SO, the higher
vigorous growth exhibited in the aboveground system of the
sewage irrigated transplants required higher depletion rate in
carbohydrates. However, the reverse was found with the fresh
water irrigated nursery trees (transplants) which characterized
by their relative lower shoots and leaves dry weight which
reflected in less depletion rate in photosynthetic substances and
consequently  relative  higher accumulation  ratc  of
carbohydrates which certainly should be reflected positively in
growth of the underground system (roots).

Total plant dry weight:
A. Specific effect:

The response of total plant dry weight to specific effect
of irrigation water resource followed similar trend to that
previously detected with shoots and leaves dry weights.
Herein, the sewage irrigated transplants had significantly
heavier total plant dry weight as compared to the fresh water

irrigated ones during both seasons of study.

Nevertheless, the trend of response to citrus rootstock
was also generally similar to that previously discussed with
two plant organs of the aboveground system (shoots & leaves).
Whereas, the total plant dry weight of Valencia orange nursery
trees (transplants) budded on Volkameriana was significantly
the heaviest. On the contrary budded nursery trees (transplants)
on Cleopatra mandarin were the inferiors, while those on rough
lemon were intermediate. Differences between three citrus

rootstocks were significant during both seasons of study.
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Referring the response to soil site, Table (29) reveals
that differences were not so enough to be significant as the
total plant dry weight was concerned during both seasons of
study.

B. Interaction effect:

The heaviest total plant dry weight of Valencia orange
nursery trees (transplants) was always in concomitant to the
sewage cffluent irrigated ones, budded on Volkameriana and
grown in El-Gabal Al-Asfar soil. Moreover, the sewage
irrigated nursery trees (transplants) budded on volkameriana
and grown in Dahshour soil ranked statistically sccond during
both scasons of study. On the contrary the lightest nursery trees
(transplants) dry weight were the fresh water irrigated ones,
budded on Cleopatra mandarin and grown in El-Gabal Al-
Asfar soil. In addition, other combinations were in between the
aforesaid two extremes.

The less pronounced variances in total plant dry weight
regarding the response to irrigation water resource as compared
to that exhibited in both aboveground and underground
systems could be explained logically by the unparalleled trends
of two systems as previously discussed.

Top : root ratio:
A. Specific effect:
Table (29) displays that top / root ratio of Valencia
orange nursery trees (transplants) respond specifically to both

irrigation water resource and citrus rootstocks, while the

response to soil site was less pronounced and variance didn’t
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reach level of significance. Anyhow, sewage effluent increased
significantly the top / root ratio than fresh water during both
experimental seasons. This result could be logically explained
depending upon the unparalleled trends of response for both
top (shoot &leaves) and root to the irrigation water resource.
Whereas the aboveground system (shoots and lcaves) increased
by using sewage effluent for irrigation, while the reverse was
found with the root system.

As for the specific effect of citrus rootstock, it was quite
evident that Valencia orange nursery trees (transplants) budded
on Volkameriana had statistically the greatest top / root ratio.
The reverse was true with those on Cleopatra mandarin, while
those budded on rough lemon were intermediate. Differences
among three citrus rootstocks were significant as compared
cach other during both seasons, except in 2% geason when
rough lemon was compared to Cleopatra mandarin, where
variance didn’t reach level of significance.

Interaction effect:

The greatest value of top /root ratio was always in
significant concomitant to such combination representative of
the sewage irrigated nursery trecs (transplants) budded on
Volkameriana rootstock and grown in El-Gabal Al-Asfar soil.
Moreover, three combinations of sewage effluent irrigated
nursery trees (transplants) grown in Dahshour soil (regardless
of citrus rootstocks used) ranked generally second, especially
as an average of two seasons for each case was concerned. On
the contrary, the least top /root ratio was markedly related to

two combinations of fresh water irrigated transplants, budded
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grown in El-Gabal Al-Asfar and Dahshour soils, respectively.
In addition, other combinations were in between the aforesaid
two extremes.

The present results regarding the response of height;
scion diameter; number of leaves; leaf area; and dry weight of
(shoots; leaves, total plant) to irrigation water resource g0
generally  with previously discussed trends with  different
vegetative  growth paramcters  of  fruitfull  citrus  trees
(experiment, I). Whereas, the presence of higher levels of some
nutrient clements particularly N in sewage cffluent could be
considered as the real reasons for its stimulative cffect in this
concern.

However, the response to citrus rootstocks goes partially
with the findings of Salem, et al., (1994) and Kojima et al.,
(1995).

In addition, the absence of variations in response to soil
regions may be attributed to the slight differences between two
investigated soil sites.

IV. 1L II. Leaf chemical analysis:
IV 1L 11 1. Leaf photosynthetic pigments content:

In this respect leaf chlorophyll (A): chlorophyll (B);
chlorophyll (A+B) and chlorophyll A:B ratio of Valencia
orange nurscry trees (transplants) as influenced by specific and
interaction effects of three investigated factors i.e, irrigation
water resource; citrus rootstock; soil site and their
combinations were studied. Data obtained during both 2000-02
and 2001-03 experimental seasons are presented in Table (30).

%___
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Table (29): Shoots; leaves; roots; total plant dry weight and top
and interaction effects of water resource; citrus rootsto

- root ratio of Valencia orange nursery trees ( transplants) as influenced by specific
ck and soil region during two successive experimental 2000 - 02 and 2001- 03

seasons.
Rootstocks _ Shoots D. Wt. Leaves D. Wt Root D. Wt. Total plant D. Wt. Top : root ratio
Water &soll Vol. | R [Cm | M- | Vol. | Rl [Cm [ M" | Vol R1 | Cm| M | Vo.| Rl [Cm| M* [ Vo.[ Rl | cm| M
2000 - 02 season
EL-Gabal (S,) 31.20| 1512 | 14.55| 17.91| 7.46 | 7.88 18.16 13.90 15.44 67.37| 36.48 | 37.86 271 | 162 | 145
Sewage 8 ef f |1894| 2 de d | 10686 ¢ f e |1550( @ f e |4511| = d e 1.89
Dabshour (S5) 2371| 15.79 | 12.18] A |10.56[ 13.31 | 680 | A |19.67 14.10 1160| B |5415| 4320|3158 A [ 174 | 206 [ 1.72| A
b d h | c b f b f ] b c [} c b &
El-Gabal (5,) 1548| 15.14 | 8.92 | 7.22 | 576 | 351 21.47 19.45 14.18 44.16| 40.36 | 26.61 106 | 1.07 | 0.88
Fresh de ef j 11348 ef g j 565 | @ b f |18.24| c d h |3737| ¢ g | 1.04
Dabshour (S;) 17.08| 1033 | 1383 B | 736 526 | 479 | B |1945 16.61 1820| A |4391| 3220(3767| B |126| 084 | 102| B
c | g € h | b d c c g ef f h g
Mean **(Rootstock) 21.89| 14.10 | 12.63 10.76| 7.95 | 575 19.69 16.02 14.88 52.40| 38.06 | 33.26 1.68 | 137 | 1.27
A B c A B c A B [ A B c A B (]
Mean *** 16.75 5.66 S,=83 | S;=8.0 §=17.10 S,= 16.62 Sy= 42,14 | 5,= 40.34 §,=1.47 | S;=1.46
El-Gab. (S,); Dahs.(S;) A A A A A A A A A A
2001- 03 season
El-Gabal (S) S.m: 16.21 | 16.74| 1470| 7.80 | 8.23 18.23 1420 15.23 66.00| 38.21 | 39.98 262 | 169 | 165
Sewage a d d 2027 a e d | 964| d h g |1550] @ e d |a582| @ d d | 193
Dabsboar (S,) 2668| 1664 (1480 A |11.00| 943 | 667 | A |20.23 14.27 11.10| B |5782| 4034 [3257| A [186| 186 [ 183 | A
b d e | b c f b h j b d f [ c b
E-Gabal (S,) 16.78| 14.18 | B.62 | 673 | 527 | 417 20.90 18.97 1367 44.41| 3842 | 2645 113 | 1.03 | 0.94
Fresh d ef o 1414 f [ i 542 | = c | |1780| ¢ e h |3ra7| f ] h | 1.10
Dakshour (5;) 18.85| 10.21 | 1620 B | 767 | 463 | 407 | B |1830 15.87 1783| A |4482| 3081|3810 B | 145| 083 | 114| B
c f d | e h i b f e c g e e h f
Misi *SORORIOER] 23.22| 14.31 [ 14.08] 10.70| 6.80 | 5.80 19.42 15.85 14.46 53.26 | 36.95 | 34.28 176 | 1.37 | 1.41
A B [+ A B Cc A B c A B c A B B
Mean *** §;=17.18 | §;=17.23 | 5,=782 | §;=7.25 S,= 16.80 S,=16.28 S,= 42.25 | 5,= 40.74 §=1.51 | S;=1.52
El-Gab. (S); Dahs(S,) A A A A A A A A A A

*; ** and " refer to specific effect of water resource ;

not significantly different at 5 % level , capital lette

combinations. )

citrus rootstock and soil regio

n, respectively. Whereas means within each row or column followed by the same letter/s are

rs were used for distinguishing means of each investigated factor,

while small ones for means of

interaction( their
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IV. 1L 11 1. 1. Chlorophyll (A) content:
A. Specific effect:

With regard to specific effect of irrigation water
resource, it was quite evident that leaves of sewage effluent
irrigated  Valencia orange nursery trees (transplants) were
statistically the richest in their chlorophyll (A) content as
comparcd o the analogous ones of [resh water irrigated

nursery trees (transplants) during both experimental scasons.

Referring the specific effect of citrus rootstocks, Table
(30) reveals that the response was less pronounced, where
differences between three rootstocks didn’t reach level of
significance, especially during 22 experimental season.
However, leaves of Valencia orange nursery trees (transplants)
budded on Cleopatra mandarin tended relatively to be the
poorest especially during 1% season, where the reduction was

significant with comparing to those on two other rootstocks.

‘Concerning the specific effect of soil site, Table (30)
shows that variance in leaf chlorophyll (A) content of Valencia
orange nursery trees (transplants) grown in soils brought from

two sites were too few to be taken into consideration.
B. Interaction effect:

Table (30) displays that the more pronounced response
to specific effect of irrigation water resource than specific
effect of two other investigated factors reflected directly on
interaction effect of their different combinations.. Anyhow, the
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highest leaf chlorophyll (A) content was always in significant
relationship to the sewage irrigated Valencia orange trees
budded on either Volkameriana or rough lemon and grown in
El-Gabal Al-Asfar followed by those on Cleopatra mandarin in
the same soil site and irrigated with sewage effluent, as well as
those supplied with sewage effluent on either Volkameriana or
rough lemon in Dahshour soil.

On the contrary, the lcast Ieaf chlorophyll (A) content
was coupled to nursery trees (transplants) of the three
combinations representative of the fresh water irrigated ones
budded on rough lemon; Cleopatra mandarin or Volkameriana
grown in El-Gabal Al-Asfar and Dahshour soils for those of

the two former rootstocks and later one, respectively.

In addition, other combinations were in between the

aforesaid two extremes.
I. IV. 1L 1. 2. Chlorophyll (B) content:
A. Specific effect:

Table (30) shows that the variance due to specific effect
of irrigation water resource was too few to be considered,
where both sewage effluent and fresh water irrigated trees did
not significantly differ as their leaf chlorophyll (B) content was

concerned during both experimental seasons.

As for the specific effect of citrus rootstock, it is quite
clear to be noticed that the budded nursery trees (transplants)
on Cleopatra mandarin had the poorest leaves in their
chlorophyll (B) content, especially as compared to the

analogous ones on two other rootstocks (Volkameriana &

——ﬁ
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rough lemon) and Volkameriana only during 1% and 2"
seasons, respectively.

In addition, difference in leaf chlorophyll (B) content
due to specific effect of soil site was too slight to be
considered.

B. Interaction effect:

Table (30) reveals that however the trend of responsc
was not firm during both scasons from onc hand, but it could
be generally noticed that the sewage effluent irrigated nursery
trees (transplants) budded on either Volkameriana or rough
lemon had statistically richer leaves in their chlorophyll (B)
content regardless of soil site. Such trend was true especially as
an average of two scasons was concerned. Moreover, other
combinations followed in most cases two conflicted tends
during two seasons of study viz three combinations of fresh
water irrigated nursery trees (transplants) grown in Dahshour
soil (regardless of rootstock used) were significantly the
poorest in 1* season but the reverse was true during 2™ season.

IV. 1L 1L. 1. 3. Leaf chlorophyll (A+B) content:
A. Specific effect:

Regarding the specific effect of irrigation water
resource, Table (30) reveals that the sewage effluent irrigated
Valencia orange nursery trees (transplants) had significantly
richer leaves in their (A+B) chlorophyll contents as compared
to those irrigated with fresh water.

Referring the response to citrus rootstock used, data
obtained during both experimental seasons revealed that leaves

e —————————————————————————————————————
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of budded Valencia orange nursery trees (transplants) on
Volkameriana rootstock were statistically the richest in their
(A+B) chlorophyll content. On the contrary, budded nurscry
trees (transplants) on Cleopatra mandarin had the poorest
leaves chlorophyll (A+B). However, the reduction was
significant as compared to those budded on cither
Volkameriana during two scasons or on rough lemon during e
scason only.

Concerning the specific effect of soil site, Table (30)
displays that no considerable variance could be detected
between two soil sites from the statistical point of view during

two seasons of study.
B. Interaction effect:

Tabulated data in Table (30) exhibited that the sewage
effluent  irrigated Valencia orange budded on ecither
Volkameriana or rough lemon rootstocks and grown in El-
Gabal Al-Asfar soils had statistically the richest lcaves in their
chlorophyll (A+B). The superiority of the aforesaid two
combinations over other investigated ones was significant
during both 2000 - 02 and 2001- 03 experimental scasons.

On the contrary fresh water irrigated nursery trees
(transplants) budded on rough lemon either grown in El-Gabal
Al-Asfar or Dahshour soil had statistically the poorest leaves in
their chlorophyll (A+B). Besides fresh water irrigated trees
budded on either Cleopatra mandarin or Volkameriana
rootstock and grown in El-Gabal Al-Asfar and Dahshour soils,

respectively showed also the least chlorophyll (A+B) contents.

ﬁ
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[n addition, other combinations were in between the
aforesaid two extremes.

These results go generally with the findings of
Basiouny, (1984) on peach; Zekri and Ko00,(1993) of fruit full
citrus trees, and El-said,(1999), on mandarin trees, all
demonstrated that irrigation with municipal wastewater
increased leaf chlorophyll contents.

However, the specific effect of rootstock may be
attributed to the potentiality of both rootstock for absorption
some nutrient elements at higher rates than others.

IV. 11 1. 1. 4. Leaf chlorophyll (A): (B) ratio:
A. Specific effect:

With regard to the specific effect of irrigation water
resource, it is quite clear that the sewage effluent irrigated
Valencia orange nursery trees (transplants) had leaves
characterized by their higher chlorophyll (A): (B) ratio as
compared to the analogous ones of fresh water irrigated. This
may be duc to the parallcled responsc of both chlorophyll
kinds to the irrigation water resource.

Nevertheless, the lecaf chlorophyll (A): (B) ratio
followed nearly the same trend previously detected with total
chlorophyll (A+B) content. Herein, the nursery trees
(transplants) budded on Volkameriana rootstock showed
significantly the highest leaf chlorophyll (A): (B), ratio while
the reverse was true with those on Cleopatra mandarin,
Differences were significant as Volkameriana compared to
cither rough lemon or Cleopatra mandarin during two seasons,
while rough lemon exceeded statistically Cleopatra mandarin
during first season only.

%
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Referring to the specific effect of the soil site, Table
(30) displays that the leaf chlorophyll (A): (B) ratio of the
Valencia orange nursery trees (transplants) grown in both El-
Gabal Al-Asfar and Dahshour soils didn’t significantly differ.

B. Interaction Effect:

Table (30) reveals that neither specific nor firm trend
could be detected regarding the response of leaf chlorophyll
(A): (B) ratio to the interaction cffect of various combinations
between three investigated factors. However, it could be
generally observed that the various combinations of scwage
cffluent irrigated nursery trees (transplants) had higher leaf
chlorophyll (A): (B) ratio as compared to those of fresh water
irrigation regardless of rootstock used and soil site during both
experimental seasons. This result could be generally discussed
on the fact depending upon the more pronounced response to
specific effect of irrigation water resource than those of two
investigated factors.

The present results regarding leaf chlorophyll content as
affected by sewage water were on line with findings of El-
Said, (1999) on Balady mandarin and Basiouny, (1984) on
Peach.

IV. 11. 11. 2. Leaf mineral composition:

In his regard leaf N; P;K; Mg; Fe; Mn; Zn; Cu; Na; Pb
and Ni contents of Valencia orange transplants as influenced
by specific and interaction effects of irrigation water resource;
citrus rootstocks used; soil site and their combinations were
investigated. Data obtained during both 2000-02 and 2001-03
experimental scasons are presented in Tables (31) ; (32) and
(33).

M

-193- Results and Discussion



( ‘suopeulqwos sjey; ) uogaesayu)
40 SuBeLW Joy s8UD [|BLS B|IyM ‘JC3oE) perEbpsanul Yoes 30 sueew BujysinBupsip 1o} pasn esam sieps| jeudes 18A8] % ¢ 1e Justeyip ApuesyiuBis jou ase sjuens|
Bwes ey} Ag pamo||oj UWIN|OI JO Mos yaes UIUM sueswW seassyp “Ajaanoadsel ‘uoibel 10S PUE ¥D01S1001 SNGID | 831n0Sal Jajem jo 308ye ouideds oy Jejes ,,, pue ., |,

- = v — = _ e v v (s)ysqeq 1('s) qeo1
=% 9'F =S 0007 =S Tz ='s 9'6€ =S £LE ='S 091 =S §'s91 ='s wux UBIJY
) [ v 8 | 8 | v a i v v v v }
e | st | er rsel | rost | oz vee | goe | rsr z1o1 | zror | 0zo1 (0151004, uBIlY
J 7 4 [ P | P 3 qe e \ e P p 3
g o€ 87 £7 §991 | TTL | Tl | ¥ | 8k | skv | owt | 8 | sbu1 | zszn | gpop |5 ounieq .
Py P B GO [EW1 | P | s | P 96c | P2 P2 ) EBIT | P N P |0s) maw e
ot re 67 €951 | 1zet | seor €6t | 667 | ser 1zt | zzon | gsz |USPOROAE
Bl # € 20 e ] g P page oqe 2 sqe o
v #'s 87 18 vo|seoc | Tz eove | v | ovz | woe |z | v | ssst | svor | 1oz | S Ameuswea o
§'s P 2q q rHT | qe N £LE | Page | page 5 9907 e ® A T— s
s s €9 €847 | 009z | 019z v | ose | our e | otz | serz |5/ ™AROE
uoses g 1007
v v [ v v ¥ v v (*s)rsyeq ('s) ‘gen-1g
Tr='s tr='s I'881 =°S L'907 ='s £9f ='§ 6'6€ ='S 8017 =" £991 ='s wux UBIJ
2 4 ¥ 2 [ 8 | ¥ ] v ¥ ] ¥ v 2
ce | oy | ors oot | sosr | w0z 6s¢ | o | s6e oISt | rpLl | 1ol (Pus00g),, weaR
P P 3q P P P » 3 3 32 ] B
g te | e¢ T 8 |oss1 | ssct | wwvl | v | ote | o6z | otc | & | wert | #her | serp |CS)Arowswsg .
6'€ 3 p q +BFT P P P 0Zg 3 i) ap 8971 2 5 2 ('s) peqe S
e g'c St 8281 | ot | gcor zoe | tee | oo L1 | oonr | ooz |VS) PO
3 3 C 3 7 e m T T P 3 q
¥ e ot 09 Vo[ 5807 | ogcz | oesz | v | w8 | 1se | sz | v | e | susr | eogr | S inousweq e
Ly 2q q ® £9r7 q ® E ol 39 qe e 9707 °q B ¥ liie) oo s
Tt _ gt 85 zorz | iz | esiz ver | oo | rer 1461 | cvzz | voze |US)1P9R0E
uosE3s 7 - ggoz
A _ w) _ 1H _ 194 ¥ » W _ wy | 1H % 10A I ‘ w) _ 178 _ 10A « I _ W) * 1™ % 19A [10s7% 12184,
oner g: v ET T 3w ‘) 338 Bwg E 38 Sw vy
nes g: v A 3B 001\ Bm (g+v) TuD M 33 001\ Bw g gD M 32 001\ Sw vy e

"SUOSES £0 -T00T PUE 70~ 0007 [BIUIWLIAAXA 2415520008 0A Surinp uorSas [10§ PUEB 20151004 SNIIID {3DIN0SIT JIJBM
30 5333439 uondBLIUY puk dYds Aq pasuanyur se (syuejdsurd) ) saaay Asasinu 35ugto BIQUIIBA JO 53483 w1 g BV [IAydosojy) :(og) ajqe

-194-

Results and Discussion



IV. 1L 11 2. 1. Leaf Macro Nutrients Content:
Leaf Nitrogen Content:
A. Specific Effect:

Concerning the specific effect of irrigation water
resource, Table (31) reveals that sewage effluent irrigated
nursery trees (transplants) of Valencia orange had significantly
richer leaves N content as compared to those of fresh water

irrigated ones during both experimental scasons.

As for the specific effect of citrus rootstock used, data
obtained during both seasons declared that the response was
less pronounced as compared to that previously detected with
irrigation water resource.  Hence, budded nursery trees
(transplants) on Volkameriana were significantly richer as their
leaves N % compared to the analogous oncs on either rough
lemon or Cleopatra mandarin rootstocks. On the other hand,
rough lemon and Cleopatra mandarin did not significantly

differ in this regard.

Nevertheless, Table (31) displays that N % of Valencia
orange nurscry trees (transplants) grown in El — Gabal Al —
Asfar soil tended relatively to be higher than those in Dahshour

soil. Difference was significant during first season only.
B. Interaction effect:

With regard to the interaction effect, Table (31) shows
that although the trend was not firm during both seasons, it
could be generally observed that sewage irrigated nursery trees
(transplants) budded on cither Volkameriana or Cleopatra

mandarin had significantly the richest leaves N% irrespective

#
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of soil site. Such trend was true especially with those on
Volkameriana during both seasons, either data of each scason
or an average of two seasons were concerned, while those
budded on Cleopatra mandarin ranked significantly second
except nursery trees (transplants) grown in El-Gabal Al-Asfar,
which came first during the second season only.

On the contrary, the poorest leaves N% were the fresh
water irrigated nursery trees (transplants) grown in Dahshour
soil, either budded on rough lemon or Cleopatra mandarin. In
addition, other combinations were in between.

The present results regarding the specific effect of water
resource goes with the findings of Koo and Zekri;(1989) on
citrus; Esteller et al., (1994) on citrus trees and Lapena et
al.,(1995) on young citrus trees, all pointed out the leaves of
wastewater irrigated plants had higher N content than those
irrigated with either well or fresh water.

However, the response to citrus rootstock partially
agreed the findings of Banuls ef al, (1990) on clementine
budded on two rootstock who reported that the pattern of N
accumulation an different plant organs was influenced by
rootstock kind regarding the rootstock ability for N transport
from roots to leaves of scion. Salem et al., (1994), Wu ef al.,
(1998) Marathe et al, (2000) and Moeen-Ud-Din er al.,
(2001) all found that leaf N content of different citrus scions
was greatly affected by rootstock which-seemed to be an
inherent nutrient absorption characteristic of a particular
rootstock.

m
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Leaf Phosphorus Content:
A. Specific effect:

The response to specific effeet of irrigation water
resource was obviously clear. Herein, the sewage irrigated
nursery trees (transplants) had statistically richer leaves
phosphorus content i.c., about 2.5 folds much more than thosc
of fresh water irrigated ones during two seasons.

As for the specific effect of citrus rootstock, Table (31)
shows that the differences were relatively lower. Anyhow,
budded nursery trees (transplants) on rough lemon had leaves
significantly richer in their P % than those on either
Volkameriana during two scasons or Cleopatra mandarin in
second and second season only.

Referring the specific effect of soil site, it could be
noticed relatively differences between two sires. Herein,
transplants grown in soil brought from Dahshour region had
richer leaves P % than those in El-Gabal Al-Asfar. However,

differences was significant during 2™ season only.
B. Interaction effect:

Data obtained during both seasons declared that the
more pronounced effect of water irrigation resource and the
relative influence of soil site were reflected directly on the
interaction effect of different combinations between three
investigated factors. Herein, the sewage irrigated nursery trees
(transplants) especially those grown in Dahshour soil exhibited
significantly the highest leaf P %, regardless of citrus rootstock
during both seasons. However, those in El-Gabal Al-Asfar soil

ﬁ
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supplicd with the same irrigation water exhibited also their
superiority during the second season only. On the contrary, the
fresh water irrigated nursery trees (transplants) budded on three
citrus rootstocks (especially Cleopatra mandarin rootstock) and
grown in El-Gabal Al-Asfar soil were statistically the inferior
during both experimental seasons of study.

The obtained results regarding the increase in leaf P
content of sewage irrigated trees goes in the line with the
findings of Koo and Zekri,(1989) on citrus, Maurer ef al.,
(1995-a) on grapefruit trees and Paranichianakis ef al.,(2000)
on grapevines, all reported that wastewater increased leaf P %.

As for the specific effect of rootstock, obtained results is
supported by the findings of Wu ef al, (1998); Marathe et al.,
(2000) and Moeen-Ud-Din et al, (2001), all reported that
nutrient uptake and consequently scion contents (leaves
mineral composition) is an inherent nutrient absorption
characteristic of a particular rootstock.

Leaf potassium content:
A. Specific effect:
The specific effect of irrigation water resource on leaf K
% of Valencia orange nursery trees (transplants) was quite
clear. Hence, the sewage irrigated nursery trees (transplants)
surpassed  statistically the fresh water irrigated ones during
both experimental seasons.
As for the specific effect of citrus rootstock used, Table

(31) displays that Valencia budded on rough lemon rootstock
tended relatively to be richer in their leaf K % than those on

M
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two other rootstocks. However, differences was significant
during first season only, while in second season three citrus
rootstocks were equally the same in this concern.

Referring the specific effect of soil site, Table (31)
reveals that no firm trend was detected during both seasons.
Herein, in first season growing nursery trees (transplants) in
El-Gabal Al-Asfar soil were significantly richer while in
sccond scason both soil sites were statistically the same.

B. Interaction effect:

Data obtained during both experimental seasons
displayed that the richest leaves K content were always in
concomitant to the sewage irrigated nursery trees (transplants)
budded on rough lemon rootstock and grown in either El-Gabal
Al-Asfar soil (during first secason) or two soil sitcs during
second scason. Moreover the sewage irrigated nursery trees
(transplants) budded on two other rootstocks (Volkameriana
and Cleopatra mandarin) in most cases ranked statistically
second regardless of the site from which soil was brought
during two scasons of study. On the-contrary, the least leaf K
% was generally in closed relationship to the fresh water
irrigated nursery trees (transplants) neither rootstock nor soil
site were concerned. However, those in Dahshour soil tended
relatively to be the poorest especially those on either
Volkameraina or rough lemon during two seasons.

The trend of response to water resource detected in the
present study gives supported to the earlier findings of Lapena
et al., (1995) on young seedlings of orange; Maurer ef al.,
(1995-a&b) on grapefruit and Paranichianakis ef al,(2000).

W
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However, the present results obtained regarding the response
citrus rootstock are in general agreement with the findings of
Salem et al.,(1994) on Valencia orange; Araujo ef al.,(1998)
on some citrus species; Wu et al.,(1998) on orange, Marathe
et al.,(2000) on citrus and Moeen-Ud-Din et al.,(2001) on
citrus, all reported a considerable variations in nutrient uptake
depending upon the rootstock used.

Leaf magnesium content:
A. Specific effect:

Regarding the specific effect of irrigation water resource
it is quite evident that sewage effluent irrigated nursery trees
(transplants) surpassed statistically the fresh water irrigated
ones as their leaves Mg content was concerned during both
experimental seasons.

Nevertheless, the specific effect of citrus rootstock was
completely absent from the statistical point of view during both
scasons. Besides, both soil sites (El-Gabal Al-Asfar and
Dahshour regions) did not significantly differ as their influence
on leaf Mg content was concerned during experimental
seasons.

B. Interaction effect:

Table (31) shows that however trend of response to
interaction effect was not so firm during both seasons but it
could be noticed that the sewage irrigated nursery trees
(transplants), especially those budded on either Cleopatra
mandarin or rough lemon rootstocks had richer leaves Mg
content. The superiority of the aforesaid four combinations
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over the other investigated ones was true during both seasons
with two exceptions i.e., : 1$ dealing with sewage irrigated
nursery trees (transplants) budded on Volkameriana in two
soils, while 2% representing fresh water irrigated nursery trees
(transplants) on Cleopatra mandarin in Dahshour soil where
both didn’t significantly differ than the superior ones during 1*

nd

season and two seasons for the 12 and 2™ exceptions,
respectively. On the contrary, the least lcaf Mg % was always
in concomitant to those combinations representing the fresh
water irrigated nursery trees (transplants) budded on cither
Volkameriana rootstock (grown in two soil sites) or rough
lemon grown in El-Gabal Al-Asfar soil during both

experimental seasons.

The present trend of leal’ Mg content as influenced by
water resource is in agreement with Maurer ef al.,(1995-a)
and Paranichianakis ef al, (2000). However, the absent of
influence on leaf Mg due to citrus rootstock is in agreement
with Salem et al., (1994) but in disagreement with the findings
of Araujo et al, (1998) ; Wu ef al., (1998) and Marathe ef
al,(2000)

IV. 1L 1L 2. 2. Leaf micro nutrients content:
Leaf iron content:
A. Specific effect:
With regard to specific effect of irrigation water
resource, Table (32) displays obviously that the sewage
irrigated Valencia orange nursery trees (transplants) had

significantly higher leaf Fe content as compared to those

irrigated with fresh water during both experimental seasons.
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Referring the specific effect of citrus rootstock, it is
quite evident that Valencia nursery trecs (transplants) budded
on rough lemon rootstock were statistically the richest in their
leaves Fe content during both experimental seasons of study.
However, those on Volkameriana were the poorest, while
budded nursery trees (transplants) on Cleopatra mandarin were
intermediate in this concern. Differences between three
rootstocks were significant as compared cach other during both
scasons of study.

Nevertheless, leaf Fe content respond specifically to soil
site. where nursery trees (transplants) grown in El-Gabal Al-
Asfar had significantly richer leaves Fe content as compared to
the analogous ones grown in Dahshour soil during two scasons
of study.

B. Interaction effect:

Concerning  the interaction effect of  different
combinations between three investigated factors (irrigation
water resource, citrus rootstock and soil site), Table (32)
reveals that the sewage effluent irrigated Valencia orange
nursery trees (transplants) budded on rough lemon rootstock
and grown un El-Gabal Al-Asfar soil were statistically the
richest in their leaves Fe content during both 2000-02 and
2001-03 experimental seasons. Moreover, those budded on
Clcopatra mandarin and irrigated with sewage effluent n
Dahshour soil ranked statistically second during both
experimental seasons in this concern.

On the contrary, fresh water irrigated nursery trees
(transplants) grown in Dahshour soil were statistically the
inferior, regardless of citrus rootstocks on which they werc

ﬁ
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budded during both experimental seasons. In addition, other
combinations were in between.

The trend of response to water resource detected in the
present study is in agreement with that obtained by Abd-El-
Naim and El-Awady, (1989) who concluded that leaf Fe
content increased in irrigated citrus trees with sewage effluent.

However, the response to rootstock goes in line of
Salem et al., (1994) on orange; Wu et al., (1998) on orange
and Marathe er al., (2000) on citrus, all reported that Fe level
was in closed relationship to rootstock.

Leaf manganese content:
A. Specific effect

Regarding the specific effect of irrigation  water
resource, tabulated data in Table (32) revealed that leaf Mn
content followed typically the same trend previously detected
with iron. Hence, the sewage irrigated nursery trees
(transplants) had statistically richer leaves in their Mn content

as compared to those irrigated with fresh water.

Concerning the specific effect of citrus rootstock used,
Table (32) reveals that budded nursery trees (transplants) on
rough lemon were the richest, while those on Volkameriana
had the poorest leaves Mn content. In addition, Cleopatra
mandarin was intermediate, however it didn’t significantly
differ as compared to Volkameriana rootstock during both
seasons.

Referring the soil site, both regions didn’t significantly
differ during two seasons.

%—
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B. Interaction effect:

Data obtained during both seasons revealed obviously
that the richest leaves Mn content were significantly in closed
relationship to the sewage irrigated nursery trees (transplants)
budded on rough lemon and grown in El-Gabal Al-Asfar soil.
However, those budded on Cleopatra mandarin and irrigated
with sewage effluent ranked statistically second when grown in
Dahshour soil during both experimental scasons. On the
contrary, the least leaf Mn content was markedly coupled to
both combinations representing the fresh  water irrigated
nurscry trees  (transplants) budded on cither Cleopatra
mandarin or Volkameriana when grown in El-Gabal Al-Asfar

and Dahshour soils, respectively during two seasons of study.

In addition, other combinations were in between the
aforesaid two extremes with tendency of variance as members
of such intermediate category compared each other during both
experimental seasons of study.

This result goes in line with that previously found by
Abd El-Naim and El-Awady ,(1989) on citrus regarding the
increasing effect of irrigation with sewage effluent on lcat Mn
content.

Meanwhile, the findings of Salem et al., (1994); Wu et
al., (1998) and Marathe ef al., ((2000) gave support to the
present result regarding the effect of rootstock on leaf Mn

content.
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Leaf zinc content:
A. Specific effect:

Table (32) displays that the Leaf Zn content in response
to the specific effect of irrigation water resource followed
typically the same trend previously detected with both Fe and
Mn. Herein, sewage irrigated nursery trees (transplants) were
significantly richer in their leaf Zn content as compared to
thosc irrigated with fresh water during both experimental
seasons. |

As for the specific effect of citrus rootstock used. Table
(32) displays that Volkameriana rootstock  increased
significantly leaf Zn level as compared to cither rough lemon
or Cleopatra mandarin, where both were equally the same from
the statistical point of view in two seasons of study.

Referring the specific effect of soil site, it is quite
evident as shown from tabulated data in Table (32) that
nursery trees (transplants) grown in El-Gabal Al-Asfar soil
were statistically richer than those in Dahshour soil as their

leaves Zn content was concerned during both experimental
seasons.

B. Interaction effect:

Table (32) displays obviously that the sewage irrigated
Valencia orange nursery trees (transplants) budded on
Volkameriana rootstock and grown in El-Gabal Al-Asfar soil
had statistically the richest leaves Zn content. However, those

on Cleopatra mandarin grown in the same soil and supplied

M

Results and Discussion -206-



with the same irrigation water ranked statistically the g

during both experimental seasons.

On the contrary, the least leaf Zn content was
significantly coupled with those irrigated with fresh water and
grown in Dahshour soil, especially when budded on either
Volkameriana or rough lemon during two scasons of study.
Morcover, other combinations were in between the aforesaid
{wo extremes.

The present result regarding the influence of water
resource on leaf Zn content is supported by Abd El- Naim and
El-Awady, (1989) on citrus trees. On the other hand, Salem ef
al., (1994) and Marathe et al ., (2000) pointed out an obvious

response to rootstock as leaf Zn of citrus was concerned.
Leaf copper content:
A. Specific effect:

Table (32) shows that leaf Cu content respond
specifically to the irrigation water resource. Herein, the sewage
effluent irrigated nursery trees (transplants) had significantly
richer leaves Cu content i.e, (20.1 & 20.9) and (11.6 & 12.3)
ppm for the sewage and fresh water irrigated nursery trees
(transplants), respectively during both experimental scasons.

As for the specific effect of citrus rootstock used, Table
(32) shows that budded nursery trees (transplants) on
Volkameriana were the richest in their leaf Cu content as
compared to the analogous ones on two other rootstocks during
both experimental seasons from statistical point of view.

However, leaves of nursery trees (transplants) on Cleopatra

ﬁ
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mandarin tended to be richer than those on rough lemon, but
difference was significant during second season only.

As for the specific effect of soil site, obtained data
revealed that leaves of growing nursery trees (transplants) in
El-Gabal Al-Asfar soil were significantly richer than the

analogous ones in Dahshour soil during two seasons.
B.Interaction effect:

Data  obtained  during  both experimental — scasons
displayed obviously that the sewage irrigated nursery trees
(transplants) budded on volkameriana and grown in El-Gabal
Al-Asfar soil had statistically the richest lcaves Cu content
followed by those budded on Cleopatra mandarin supplied by
sewage cffluent and grown in the same soil. Differences
between the aforesaid two superior combinations [rom one side
and other combinations from the other were significant during
both experimental seasons. On the contrary, the least Cu
content was generally in closed relationship to the fresh water
irrigated nursery trecs (transplants), however those grown in
El-Gabal Al-Asfar cither budded on Volkameriana or rough
lemon, beside those on later rootstock and grown in Dahshour
soil were statistically the inferior during both experimental
scasons. In addition, other combinations were in between the
aforesaid two extremes.

The trend of response detected in the present study
regarding the effect of irrigation water resource on leaf Cu
content goes in line with that found by Abd El- Naim and El-
Awady. (1989).

Results and Discussion 2208-



However, the response to citrus rootstock is in
agreement with findings of Alva and Chen, (1995) and Wu er
al., (1998), but in disagreement with Marathe et al ., (2000)

who found that there is no difference due to rootstock.
Leaf sodium and some heavy metals contents:

In this regard leaf Na; Pb and Ni contents of Valencia
orange transplants in response to irrigation water resource;
citrus rootstocks used for budding and soil sitc were
invcstigatcd.' Data obtained during both 2000-02 and 2001-03

experimental seasons are presented in Table (33).
Leaf sodium content:
A. Specific effect:

Table (33) shows obviously that leaf Na content
responds significantly to the irrigation water resource. Hence,
the swage cffluent irrigated nursery trees (transplants) were
significantly richer in their leaves Na content as compared to
those irrigated with fresh water during both experimental
seasons.

As for the specific effect of citrus rootstock used, it
could be noticed clearly that budded nursery trees (transplants)
on rough lemon exhibited statistically the highest leaf Na
content. However, those on either Volkameriana or Cleopatra
mandarin were statistically similar as compared cach other
during both seasons of study.

Referring the specific effect of soil site, difference was
completely absent from statistical point of view during both

scasons.
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B. Interaction effect:

Table (33) shows obviously that the sewage irrigated
nursery trees (transplants) budded on rough lemon and grown
in Dahshour soil had statistically the richest leaves Na %,
followed by three combinations of sewage irrigated transplants

grown in El- Gabal Al-Asfar, irrespective of citrus rootstock,

nd

where these three combinations ranked statistically 2™ from
one hand and were cqually the same as their leaves Na % was
compared to each other during both experimental seasons from

the other.

On the contrary, leaves of budded nursery trees
(transplants) on Cleopatra mandarin and irrigated with fresh
water in Dahshour soil exhibited statistically the least lcaf Na
% during both seasons. In addition, other combinations were in

between with a relative tendency of variance.
The higher leaf Na content exhibited by the sewage

effluent irrigated transplants is supported by the carlier
findings of Koo and Zekri, (1989) and Lapena e? al.,(1995) .

Meanwhile, the effect of rootstock on Na accumulation
in leaves of scion was in general agreement with the findings
of several investigators who studied the ability of rootstock
root system to absorb Na under salinity conditions.

Leaf lead content:
A. Specific effect:

Concerning the response of leaf Pb content to specific
effect of water resource, Table (33) reveals that the sewage

irrigated Valencia orange transplants had leaves contained
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significantly higher lead. The increase was approximately two
folds much higher than those of fresh water irrigated nursery
trees (transplants) during two seasons i.c., (3.93 & 3.64) and
(1.53 & 1.5) ppm for the sewage effluent and fresh water
irrigated nursery trees (transplants), respectively.

As for the specific effect of citrus rootstock used, it was
quitc evident that Volkameriana rootstock increased
significantly Icaves Pb content of Valencia orange scion as
compared to two other investigated rootstocks (rough lemon
and Cleopatra mandarin) during both secasons. On the other
hand, lcaves Pb content of budded nursery trees (transplants)
on rough lemon tended to be decreased as compared to those
on Cleopatra mandarin, however difference was significant
during 2" season only.

Regarding the specific effect of soil site, Table (33)
displays that the difference was too slight to reach level of
significance, however level tended slightly to be increased in
El-Gabal Al-Asfar soil during two seasons |

B. Interaction effect:

Table (33) reveals that the more pronounced response
to cither irrigation water resource or citrus rootstock rather than
soil site reflected obviously on interaction effect of different
combinations between the investigated three factors. Herein,
the highest leaf Pb content was always in significant
concomitant to the sewage irrigated nursery trees (transplants)
budded on Volkameriana rootstock (regardless of soil site).
Moreover, sewage irrigated transplants budded on Cleopatra
mandarin and grown in El-Gabal Al-Asfar soil ranked second

e —————————————————————————————————————
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especially as an average of two seasons was concerned
however, the reduction below the superior combination was not
significant during 2" season . On the contrary, fresh water
irrigated nursery trees (transplants) budded on rough lemon
rootstock (regardless of soil site) showed statistically the least
leaf Pb content during both seasons of study. In addition, other
combinations were in between, however those of sewage
irrigation included in such intermediate category tended to be
richer in their leaves Pb content during both scasons.

Leaf nickel content:

A. Specific effect:

With regard to specific effect of irrigation water
resource on leaf Ni content, Table (33) displays that sewage
offluent resulted in increasing it significantly i.c, about 3 folds
much higher than fresh water. Herein, leaf Ni content during
both seasons for the sewage effluent and fresh water irrigated
nursery trees (transplants) was (3.398 & 3.256) and (1.077 &
1.167) ppm, respectively.

Referring the specific effect of citrus rootstocks used,
Table (33) reveals that Volkameriana rootstock increased
significantly leaf Ni content as compared to two other
investigated ones during both seasons. However, both rough
lemon and Cleopatra mandarin were equally the same from
statistical point of view as their effect on leaves Ni content was

concerned during both experimental seasons.

As for the specific effect of soil site, it is quite clear that
Valencia orange nursery trees (transplants) in El-Gabal Al-

ﬁ

213- Results and Discussion



Astar soil were significantly richer in their leaves Ni content as
compared to those grown in Dahshour soil during both seasons.

B. Interaction effect:

Table (33) shows that leaves of sewage Irrigated
Valencia orange nursery trees (transplants) budded on
Volkameriana and grown in El-Gabal Al-Asfar soil had
statistically the highest Ni level i.e, 6.735 and 6.507 ppm
during first and sccond  scasons, respectively. Morcover,
nursery trees (transplants) on the same rootstock and water
resource but grown in Dahshour soil ranked statistically sccond
L.e, 4.695 and 4.419 ppm during first and second scasons.
respectively. On the contrary, the fresh water irrigated nursery
trees (transplants) grown in Dahshour soil and budded on either
rough lemon or Volkameriana rootstocks had statistically the
least leaf Ni content during both seasons.

Such result concerning the variance due to cither
irrigation water resource or citrus rootstock could be logically
explained depending upon the fact that sewage effluent
containing higher Na; Pb and Ni levels than those in fresh
water from one hand, and differences in some biological
characteristics (especially selectivity of root to absorb) from
the other. Herein, the obtained results declared the great
variance in  selectivity of three rootstocks, where both
Volkameriana and Cleopatra mandarin surpassed rough lemon
regarding their potentiality for Na absorption, while the reverse
was true for their selectivity regarding Pb and Ni absorption,
where rough lemon and Cleopatra mandarin rootstocks had
higher selectivity in this concern.

Dossides sl Btbanei . RS E—
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The present results regarding the increase in leaf Pb and
Ni contents of sewage irrigated nursery trees (transplants) arc
in gencral agreement with the findings of Aboulroos et al,
(1989) on (maize and orange) and Hamad, (1993) on some
vegetable crops. However, the variance due to rootstocks may
be attributed to the biochemical characteristics of various
rootstocks regarding their ability to absorb different elements.

V. IL. 111. Residual effect of irrigation water resource
used on some soil physical and chemical
properties:

V. 1L I11. 1. Soil physical properties:

In this respect, percentage of different particle size
(corse; fine sand; silt; clay and soil texture) of virgin soil of
two regions under study (Dahshour and El-Gabel Al-Asfar) as
influenced by the irrigation water resource along the 284 2001-
03 experimental season was concerned. Tabulated data in
Table (34-A) declared a noticcable response however such
influence varied from one characteristic to another. Herein, the
coarse sand Y was slightly decreased after different irrigation
treatments. The reduction was relatively greater in the sewage
irrigated virgin soil of two soil sites (Dahshour & El-Gabal Al-
Astar).

Nevertheless, the fine sand % was also slightly
decreased in virgin soil of two sites by using water from two
resources for irrigation. However, the rate of reduction was

relatively higher in fresh water irrigated soil of two sites.
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As for the response of smaller particles (silt and clay)
the trend took the other way around as compared to that
previously detected with both corsc and fine sands.
Consequently, a considerable increase in both silt and clay
particles was exhibited in soils of two sites when irrigated with
sewage cffluent; however the change exhibited by irrigation
with fresh water was so slight or completely absent.

As for the available rates of some nutrient clements and
heavy metals in soil extract (ppm) of virgin soil in response o
irrigation water resource, data obtained during the sccond
2001-03 season are presented in Table (34- B). It is quite clear
that the response varied from one element to another.
Anyhow., N: P: K; Mg; Cu; Fe; Mn; Zn; and Pb werc increased
in irrigated soil especially those supplied with sewage effluent,
while the increase in fresh water irrigated ones was 00 slight
or in some cases completely absent.

As for the changes in clectrical conductivity (EC);
sodium adsorption ratio (SAR); Anions and cations of virgin
soil used from two sites (EL-Gabal Al-Asfar and Dahshour
regions) as influenced by irrigation water resource, data
obtained during second 2001- 03 scason arc presented in Table
(34-C).

The changes in EC in response to waler resource varied
from one site to another. Herein, EL-Gabal Al- Asfar soil its
EC was nearly remained constant at the end of experimental
season, regardless of the irrigation water resource. However,
with Dahshour soil its EC was greatly reduced by irrigation

with both sewage effluent and fresh water, but the rate of
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reduction was more pronounced with using fresh water than
sewage effluent.

This result regarding the two conflicted trends of
response to irrigation water resources for two soil sites may be
attributed to the variance in salinity levels in virgin soil of two
sites (which tended to be obviously higher in Dahshour site).
So irrigation resulted in higher rate of leaching for the solving
salines in Dahshour soil.

As for the changes in SAR, Table (34-C) reveals that
two opposite trends were detected. Hence, in EL-Gabal Al-
Asfar soil its SAR increased from 3.2 to 5.1 after irrigation
with sewage affluent but was still constant after irrigation with
fresh water. However, in Dahshour soil the trend took the other
way around, where SAR was greatly decreased from 9.3 in
virgin soil to 6.7 and 4.3 after irrigation with sewage effluent
and fresh water, respectively.

Nevertheless, the changes in HCO; of two soil sites duc
to irrigation with two water resources exhibited that a
considerable reduction was observed in sewage irrigated soil of
two sites, while the fresh water didn’t affect it in two sites.
However, Cl level showed severe rate of reduction in Dahshour
soil (decreased from 32.97 to 13.8and 3.96 after irrigation with
sewage effluent and fresh water, respectively). The changes in
Cl of El-Gabal Al-Asfar soil exhibited an obvious decrease
after irrigation with fresh water, but sewage effluent didn’t
influence it. The influence of irrigation water resource on SO,
level as shown from Table (34-C) pointed out that no
considerable changes were detected in El-Gabal Al-Asfar,

%
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regardless of water resource. However, in Dahshour soil a
noticeable reduction in soil level was detected particularly in
the fresh water irrigated Dahshour soil.

With regard to changes in some cations i. ¢., Ca; Mg;
Na and K, Table (34-C) reveals that the response varied from
one cation to another. Anyhow, Ca was still constant in El-
Gabal Al-Asfar soil after irrigation with two water resources,
while in Dahshour soil it was obviously decreased, especially
after irrigation with fresh water. Magnesium was increased by
two irrigation water resources in two soil sites, except in fresh
water irrigated Dahshour soil where it was slightly decreased.

In addition, Na level didn’t change in El-Gabal Al-Asfar
soil, but it was severely reduced in Dahshour soil after
irrigation with either sewage effluent or fresh water, especially
later one (decreased from 35.64 to 7.8 meq. / L.).

The trend of response for potassium showed a
considerable reduction in El-Gabal Al-Asfar soil (regardless of
water resource), while in Dahshour soil the level was still
constant after irrigation with any of two water resources.

The obtained results regarding the changes in both soil
physical and chemical characteristics exhibited after irrigation
with sewage and fresh water go partially with the findings of
El-Nashar, (1985); Allam, (1986); Zekri and Koo, (1990);
Abdel Aal ef al., (1991); Badawy and Helal, (1997) and El-
Gala et al., (2003).
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