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4- RESULTS and DISCUSSION

Part 1 : Experiment I: Effect of organic manure source,
method of organic manure application and
biofertilizers on tree growth, leaf mineral
content, tree fruiting and fruit quality of
Balady mandarin.

4.1. Tree growth

The effect of organic manure sources namely cattle,

poultry and sheep, method of organic manure application i.e.

surface and trench and biofertilization namely Rhizobacterien

and Nitrobien as well as their combination on tree growth of

Balady mandarin trees during 2000 and 2001 seasons expressed

as growth cycles (duration and intensity), increase in shoot

length during different growth cycles, increase in number of
leaves in each growth cycle and some leaf parameters i.e. surface
area, leaf shape index, leaf chlorophyll (a) & (b) and leaf dry

weight is presented in Tables (5-27).

4.1.1. Growth cycles duration

Data reported in Tables (5 & 6) show the effect of
organic manure source, method of organic manure application
and biofertilization as well as their interactions on the growth
cycles of Balady mandarin trees during 2000 and 2001 seasons.

Generally, under conditions of Kalubia Governorate,
growth of Balady mandarin trees commenced on March, 15" and

March, 6" in 2000 and 2001 seasons, respectively.

Furthermore, tree growth occurred in four distinctive and

consecutive cycles i.e. one in spring, two during summer and

g_ﬁf‘f—#
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Table (5): Effect of organic manure source. method of application and biofertilization on growth cyveles of Balady mandarin
__trees (2000 season).

Organic m_oﬁml___um_. Spring growth Summer growth cycle Autumn growth Annual
manure icati { N-fixing cycle 1¥ cycle 2" cycle cycle growth

Application

source methad bacteria} Beg. End  Duration Beg End  Duration Beg, End  Duration Beg End  Duration  (days)
(days) (days) (days) (days)
Surfa ﬂ_:oa_m: 15/3 2/5 49 b 2516 2177 27b 1/8 16/8 16 b 15/9  8/10 24c 116 ¢
urface =
Cattle hizobacterien 15/3 2/5 49 b 25/6 2117 27b 1/8 16/8 16 b 17/9 8110 22e 114 ¢
—
manure ™ Nitrobien 15/3 2/5 49 b 2516 28/7 34 a 1/8 16/8 16 b 17/9  8/10 22e 121 b
Trench =/
FI:_NOUmoam:mn 15/3 2/5 49b 2516 2877 34 a 1/8 16/8 18 b 12/9 810 27 a 126 2
Nitrobien 1513 6/5 53a 2516 21/7 27 b 1/8 16/8 16 b 1 719 810 24 ¢ 120 b
m:lmomlwvﬁ
Poultry Rhizobacterien 15/3 6/5 53a 25/6  21/7 27b 1/8 16/8 16 b 1719 1110 24¢ 120 b
—=
manure T b IWﬁZ“.?oEm: 15/3 215 49 b 18/6  21/7 343 1/8 19/8 20 a 17/9 8/10 24c 127 a
renc
Rhizobacterien 15/3 2/5 49 b 18/6  21f7 34 a2 1/8 19/8 20 a 15/8 8/10 23d 126 a
Sure _.YZZ_«ocmmu 15/3 215 49 b 25/6 2117 27 b 1/8 16/8 16b 1718 8/10 24 ¢ 116 ¢
urface—
Sheep [~ r!m:_NOUmn_m:m: 15/3 215 49 b 18/6 2116 34 a 1/8 16/8 18 b 15/9 1110 25b 124 a
—
manure | = Nitrobien 15/3 2/5 48 b 1816  21/7 34 a 1/8 19/8 202 15/9 810 24 c 127 a

™ Trench = _
- ) ZI_No_umn_m:m: 15/3 215 4Sb qm\m M?\l wh a .:w 19/8 20 a 1 mu@‘ mu?_o M.A c q.m_ﬁm

Means 5:35 mmn: column, followed by the same letter(s) are not m_mg_anm:g a_mmamaﬂ at 5% level,
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one in autumn. The spring growth cycle of poultry manured
trees fertilized superficially and inoculated with Rhizobacterien
and Nitrobien started on March, 15" and continued till May, 6™
in  the first seasons about (53 days duration), followed
descendingly by poultry manured trees applied in surface and
trenches and inoculated with Rhizobacterien and Nitrobien
started on March. 6" and continued till April, 30" and May, s
in the second season, about 54 days duration. On the other hand,
cattle and sheep manured trees, fertilized superficially and in
trenches and inoculated with Rhizobacterien commenced spring
growth cycle on March, 15" and continued till May,2™ in 2000
(about 49 days duration). Cattle manured trees , fertilized
superficially or in trenches and inoculated with Rhizobacterien
and Nitrobien commenced spring growth cycle on March, 6™
and continued Il April 23" in 2001 season (about 47 days
duration). Besides, sheep manured trees, fertilized superficially
or in trenches and inoculated with Rhizobacterien and Nitrobien
commenced spring growth cycle on March, 15" and continued
tll May, 2" in the second season, followed descendingly by
sheep manure x superficial application x Rhizobacterien and
sheep manure x trench application x (Rhizobacterien or
Nitrobien ) which commenced spring growth cycle on March, 6"
and continued till April, 23 April, 30" about 59 and 54 days
duration respectively.

On the other hand, the new growth of the first summer
growth cycle of poultry manure applied in trenches provided
with Rhizobacterien and Nitrobien, followed descendingly by
sheep manure x trenches inoculated with Rhizobacterien or

%
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Nitrobien and sheep manure x surface application supplemented
with Rhizobacterien peeped out on June, 18" and ceased on July,
21" in the first scasons (about 34 days duration). On the
contrary, cattle manured trees applied in superficially or in
trenches ioculated with Rhizobacterien or Nitrobien peeped out
on June, 25" and ceased on July, 21% or July, 28" in the second
season (about 27or 28 days duration), respectively.

Moreover, the growth of the first summer in the second season

cycle began on June, 13"

for those trees fertilized with poultry manure
applied in trenches and /or sheep manure applied in trenches and
enriched with Rhizobacterien and ceased on July, 14" about 32 and
32 days duration, respectively.

Moreover, the growth of the second summer cycle began on
August, 1" and July, 31% for those trees fertilized with poultry manure
applied in trenches and provided with Rhizobacterien and ceased on
August, 19" and August, 22" with duration of about 20 and 23 days
for the first and second seasons, respectively. On the contrary, cattle
manured trees, fertilized with superficially and inoculated with
Nitrobien recorded the shortest duration for the second summer
growth cycle (16 and 19 days) in 2000 and 2001 seasons, respectively.

The growth of autumn cycle of poultry manured trees,
fertilized in trenches and inoculated with Rhizobacterien began
on September, 15" and September, 19 and ceased on October,
8" and October, 2" with duration of about 24 and 32 days for the
first and second seasons, respectively. On the contrary, the
shortest autumn growth cycle duration was shown on cattle
manured trees, fertilized superficially and inoculated with
Nitrobien (about 24 and 26 days) in the first and second seasons,
respectively. Other tested interactions showed comparatively

%
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inbetween values regarding autumn growth cycle duration (24 —
26 days).

[n summary, poultry manure applied in trenches and
supported with Rhizobacterien prolonged the annual growth
cycle (127 and 141 days), followed descendingly by poultry
manured trees. fertilized in trenches and inoculated with
Nitrobien (126 and 141 days) in the first and second seasons,
respectively. On the contrary, cattle manured trees, fertilized
superficially and inoculated with Nitrobien recorded the shortest
annual growth (116 and 117 days) in the first and second
seasons, respectively. The other studied combinations scored
similar values of annual growth cycle (127 — 141 days).

The obtained results of growth cycles of Balady mandarin
trees in the present study go in line with the findings of Helail
and Awad (1993) and Moustafa (2002). They mentioned that
under conditions of Kalubia Governorate, growth of Washington
navel orange trees commenced on January, 31" and 29" and
ceased on October, 25™ and 21% in 1990 and 1991 seasons,
respectively. They added that tree growth occurred in four
distinctive cycles i.e, one in spring, two during summer and one

in autumn.

4.1.2. Growth intensity (No. of shoots/branch)

The effect of organic manure source, method of organic
manure application and biofertilization as well as their
interaction on growth intensity (No. of shoots/branch) of growth
cycles of Balady mandarin trees during 2000 and 2001 seasons is
reported in Tables (7-11).

m
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It is quite clear from Table (7) that fertilizing Balady
mandarin with poultry manure significantly increased growth
intensity of spring growth cycle (30.1 shoots/branch), first
summer growth cycle (15.9 shoots/branch), second summer
growth cycle (12.9 shoots/branch) and autumn growth cycle (7.2
shoots/branch) with grand average (16.5 shoots/branch) against
(24.5, 11.9, 8.6 and 5.2 shoots per branch for spring, first and
second summer and autumn growth cycles of cattle manured
trees, respectively, with grand average (12.5 shoots/branch). On
the other hand. sheep manured trees scored 28.0, 13.9, 10.9 and
58 shoots/branch for spring, first and second summer growth
cycles and autumn growth cycle,  respectively with grand
average (14.6 shoots/branch). However, differences between the
three studied organic manure Ssources regarding No. of
shoots/branch of different growth cycles were more obvious to
reach the significance level at 5% level.

Furthermore, the application of organic manure n
trenches surpassed the surface application regarding the number
of produced shoots per branch of first and second summer and
autumn growth cycles during 2000 and 2001 seasons (Table, 7).

In addition. it is obvious from Table (7) that biofertilizing
Balady mandarin trees with Rhizobacterien significantly
enhanced growth intensity of different growth cycles ( second
summer and autumn) as compared with the analogous ones
inoculated with Nitrobien,

On the other hand, Table (8) demonstrates that fertilizing
Balady mandarin trees with poultry manure firstly in trenches
and secondly superficially induced the highest stimulative effect
on growth intensity of spring, first and second summer and

e————————————
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Table (7): Specific effect of organic manure source. application method and biofertilization on number of shoots
per branch of Balady mandarin trees(2000 and 2001 scasons),

No. of Shoots per branch

Factor Spring growth Summer growth cycle Autumn growth Grand
—ocyele  1%cycle 2™ cycle  cycle  Average
(2000) (2001) Average (2000) (2001) Average (2000) (2001) Average (2000) (2001) Average
a. Effect of organic manure source
Cattle manure 240c 268c  245b 1136 124b  116b 8ic 90¢ B6¢c 48c 51¢ 52b 125¢
Poultry manure 286a 316a e 1532 164a 158a 125a 133z 1298 70a 73a 72a 1653

Sheep manure 2650 25b 2808  133ab 144ap  13%Gab  105b  114b 109b 55b 58b 58b 146b

b. Effect of application method

Surface 2582 288a #Ta 122 140a 134a GEb 107b 102b 53a 566 54b 138b

Trench 2708 2%a 84z 1382 1492 143a 10%a 118a 14a G3a 65a 65z 152a
c. Effect of biofertilization

Nitrobien 2578 28638 2728 129z 140z 1353 GBa 107b 1030 56b 58b 57D 142b

Rhizobacterien 270z 300z 7¢%s 1372 148a 142z 10%a 118a 11 3a 60a 653z 63a 1492

Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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autumn growth cycles. On the contrary. cattle manured trees
particularly those fertilized superficially exerted the lowest
positive effect in this concern. Besides, sheep manured trees with
the superiority to those trenchly fertilized occupied an
intermediate  position between the previously two mentioned
categories. However, differences between all the tested
combinations were significant in the side of poultry manure and
trench application,

Moreover, Table (9) indicates that in both seasons, the
application method in trenches provided by Rhizobacterien
proved to be the most effective combinations in enhancing
growth intensity of the second summer and autumn growth
cycles. On the contrary, biofertilizing with Nitrobien when
interacted with surface method of organic manure application
gave comparatively the lowest values of growth intensity of the
second summer and autumn growth cycles. However, significant
differences were obvious between the different studied
combinations,

Additionally, the interaction between organic manure
source and biofertilization shows that in both seasons the highest
values of growth intensity (number of shoots per branch) of
spring, first and second summer and autumn growth cycles were
shown in descending order with the studied combinations as
follows: (poultry manure x Rhizobacterien), (poultry manure x
Nitrobien), (sheep manure x Rhizobacterien), (sheep manure x
Nitrobien), (cattle manure x Rhizobacterien) and (cattle manure
x Nitrobien) (Table, 10),
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Table (10): Effect of interaction between organic manure source and biofertilization on number of shoots per branch of

Balady mandarin trees(2000 and 2001 scasons).

No. of Shoots per branch

Organic Bioferiilizer Spring growth _ Summer growth cycle Autumn growth Grand
manure ~ Cycle 1% cycle 2" cycle  cycle Average
(2000) (2001) Average (2000) (2001) Average (2000) (2001) Average (2000) (2001) Average
Nitrobien 232¢ 2504 245b 108d 120d 114d 7he 85e 80e 44¢ 46¢c 45¢ 121¢
Cattle L&ﬁ
Rhizobacterien 2470f 277cd  244b 118cd 128cd 123 B74d g6d 91d 53b 56b 58b 128¢
Nitrobien 27Gab 309ab 204a 150zb 1861ab 155ab 1186  128b 123b 68a 718 7la 161a
—UOC_._”—,v‘¢ﬁ
4 Rhizobacterien 204z 324z 382z 1572 168z 182a 131a 139z 1352 728 75a 73a 170a
Nitrobien Albed XTpc 276sb  130bed 141bed 135bed 10%c 110¢ 105¢ 55b 57b 56b 143b
Sheep ivﬁ
Rhizobacterien 770Dabc 300abc  285a  13Qzhe 148abe 142abc  10%bc 118bc  114be 58b 57b 1456h

Means within each column, followed by the same letter(s) are not significantly different at 5% lavel.
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Furthermore, the interaction between organic manure
source, method of organic manure application and
biofertilization ~demonstrates that poultry manured trees,
fertilized in trenches firstly or superficially and inoculated with
Rhizobacterien recorded the highest values of growth intensity
(number of shoots per branch of different growth cycles).
Besides. trees fertilized with poultry manure applied in trenches
or superficially and inoculated with Nitrobien and those manured
with sheep manure applied in trenches and fertilized with
Rhizobacterien exerted positive effect in this respect. On the
contrary, cattle manured trees applied superficially and fertilized
with Nitrobien or Rhizobacterien exerted the lowest positive
effect in this concern. Other studied combinations occupied an
intermediate  position between the previously mentioned
categories regarding their effect on growth intensity (number of
shoots per branch) of the different growth cycles, (Table, 11).

4.1.3. Shoot length increase

Tables (12-16) show the effect of organic manure source
(cattle, poultry and sheep), method of organic manure
application  (surface and trench) and biofertilization
(Rhizobacterien and Nitrobien) as well as their combinations on
shoot length increase of spring, summer and autumn growth
cycles of Balady mandarin trees during 2000 and 2001 seasons.

It is quite clear that poultry manured trees produced the
longest shoots during spring, summer and autumn growth cycles
as compared with those resulted from cattle or sheep manured

trees. In other words. the shortest shoots of the different studied
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Table (11): EfTect of interaction between organic manurc sourcc. application method and biofertilization on number of shoots
per branch of Balady mandarin trees(2000 and 2001 scasons). )
_No. of shoot per Branch

Organic  Application  Biofertilizer Spring growth Summer growth cycle Autumn growth Crand
ran
manure method {N-fixing Cycle 1% cycle 2™ cycle cycle Average
source bacteria} 2000 2001 Average 2000 2001 Average 2000 2001 Average 2000 2001 Average
Nitrobien 222d 252d 237cd 104d 115d 10.9d 71g BOg 75g 40f 24f 41¢ 1157 f
m:lmnm..vm
Cattle Rhizobactlerien 24 3 cd 27 3cd 21d 11.3¢cd 124cd 118¢cd B82fg 91fg B6fg 48e 52e 50¢ 11.9f
e
manure - _._quﬁz_:ou_ms 243cd 266cd  254bcd 114 od 1250d 119ed 81fg g0fg 551g 49e 51e 50¢ 127ef
* Trenc
Rhizobacterien 25 2becd 282bod 267abed 12 3bcd 134 bcd 128 bed 92ef 101 ef Ggef 58d 61d G6ab 137de
Buk mﬁv_””z_:ou._m: 27 3abe 303abc 288abc 14 4 abc 15 5abc 14 Gabe 113bed 122bed  11.7bcd 67abc 69bc 68ab 155bc
urfac
Poultry ™ Rhizobacterien 20 0ab 320ab  305ab 155ab 166ab  160ab 124ab  1338b 128ab G8abc 72abc 70ab 166ab
-
manure ™ Nitrobien 28 5abc J315ab 300ab 156ab 16 7ab 125ab 134a2b 1283ab 72ab 748 73ab 16.6ab
Trench—=|_
Rhizobaclerien 2093 3282 3M4a 150z 170a 13¢a 146a 1428 75a 78z 782 1743
r=Nitrobien 256abcd  286bod 271abcd  12Babcd 13Cabed  133abod 06 def 105def 101 def 48e 0e 49¢ 138de
Surface™|_
Sheep ™ Rhizobaclerien 2€5abed  285abc 28 Dabe 130abcd 141 abed 104¢cde 113cde 108cde 4Be S1e 48¢ 144ca
—
manure _ ™ Nitrobien 287abed 27abc 282abc 132ancd 14 3abed ) 106¢cde 115cde 110cde  52cd  67cd 53b 148¢cd
= Trench = - L o o
Rhizobacterien 27 Saoc 3 5abc 200abe 144 a0 155abe 14 Gapc 115bc  124bc 118ke 64bed 3B7bcd 6Eab 156bc

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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growth cycles were shown on cattle manured trees. Besides,
shoots of sheep manured trees scored intermediate length values
during spring, summer and autumn growth cycles. Generally,
differences between the three studied organic manure sources in
shoot length increase of the different growth cycles were
remarkable to be significant (Table, 12).

It is obvious from Table (12) that the application of
organic manure in trenches exerted higher positive effect on
shoot length increase of spring growth cycles than surface
application method. The differences in shoot length increase of
the different growth cycles between the two organic manure
application  methods and sources were obvious to reach
significance level.

Furthermore, fertilizing with Rhizobacterien enhanced
shoot length increase than did Nitrobien fertilization during
spring, summer and autumn growth cycles. However, the
superiority of Rhizobacterien in this concern was remarkable to
be significant.

Table (13) reveals that the interaction between organic
manure source and organic manure application method exerted that
poultry manure applied firstly in trenches and secondly
superficially proved to be the most effect combinations in
enhancing shoot length of different growth cycles of Balady
mandarin trees. On the contrary, cattle manure whether applied in
trenches or superficially gave similarly the lowest values of shoot
length increase during the different growth cycles. Besides, sheep
manure when applied in trenches produced longer shoots than
surface application.

M
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Table (12): Specific cffect of organic manure source. application method and biofertilization on shoot length
increasc of Balady mandarin trees(2000 and 2001 scasons).

Shoot length increase (cm)
Spring growth Summer growth cycle Autumn growth Grand
- cycle ~ 1cycle 2" cycle cycle Average
(2000) (2001) Average (2000) (2001) Average (2000) (2001) Average (2000) (2001) Average

a. Effect of organic manure source

Factor

Cattle manure 60c 69c 64c 46¢c 55¢ 50c 52¢ §7¢ 57¢ 55¢ 21c¢ 23c 2.2¢
352

|
Y]

Poultry manure 87a 86a 922 622 71a 67a 67a 72a 72a 70a 34a 3

80

7b 58b 65b 62b 60b 65b 65b 66b 38b 30b 28b

~!

Sheep manure 72b 82b

b. Effect of application method

Surface 71b 80b 76b 54a 63a 59z 59a 64a 64 a 64a 27a 29a 28a M

Trench 75a B4a g80a 55a 64a 50a 60a 65a 65a 63a 28a 30z 28a m
c. Effect of biofertilization m

Nitrobien 71b 80b 75b 53b 62b 58b 58b 63b 63b 63a 26b 28b 27b

Rhizobacterien 75a 85a 80a 56a 65a 61a 62a 67a 67a 64a 29a 31a 30a

Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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Additionally, the interaction between organic manure
source and biofertilization induced similar trend to that of
interaction between organic manure source and method of
application,  where poultry manured trees supported with
Rhizobacterien fertilizer gave significantly the longest shoots of
all  studied growth cycles, followed descendingly by the
analogous  ones manured with  poultry and enriched with
Nitrobien fertilizer. On the contrary, cattle manure whether
provided with Rhizobacterien or Nitrobien gave similarly and
comparatively the shortest shoots during the different growth
cycles. Besides, sheep manure provided with Rhizobacterien or
Nitrobien induced similarly an intermediate positive effect on
shoot length of different growth cycles, (Table, 14).

As for the interaction between method of organic manure
application and biofertilization, Table (15) declares that out of
all tested combinations, the interaction between trench method of
organic manure application and Rhizobacterien gave the highest
values of shoot length increase of spring, summer and autumn
growth cycles. Other tested interactions showed fluctuated trend
in - shoot length increase of the different growth cycles of Balady
mandarin trees.

Finally, the interaction between the three studied factors
l.e. organic manure source, method of organic manure
application and biofertilization, Table (16) demonstrates that
poultry  manure applied in trench and supported with
Rhizobacterien significantly increased shoot length of different
growth cycles, followed descendingly by those manured with
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Table (15): Effcet of interaction between application method and biofertilization on shoot length increase of Balady
mandarin trees(2000 and 2001 scasons).

Shoot length increase (cm)
Methodof . st Spring growth Summer growth cycle Autumn growth Grand
Biofertilizer pring g — nmer gio y = g
application cycle 1* cycle 2" cycle cycle Average
(2000) (2001) Average (2000) (2001) Average (2000) (2001) Average (2000) (2001) Average
Nitrobien 68b 77¢ 72b 54b 63b 58b 58b 63b 63a 65a 26be 28b 27b
m:lmnmw.._v
= Rhizobac.erien 75a 83ab 7%a 55ab 64ab 60ab 61ab B6ab 66a 63ab 28ab 31a 27 ab
1™ Nitrobien 73a 82b 78a 53b 52b 58b 58b 63t 63z 61b 25¢ 27k 26¢
Trench =
* Rhizobacterien 76a 87& 82a 57a 65a gZa 82a 67a 67a 65a i0a 3Za 31a
Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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poultry applied in trenches and provided with Nitrobien
fertilizer. Besides, poultry manure, applied superficially and
fertilized with Rhizobacterien surpassed the corresponding ones
provided with Nitrobien in enhancing shoot length of different
growth cycles. The combinations of sheep manure surpassed the
corresponding  ones of cattle manure in the same pattern of
poultry manure Intcractions, regarding shoot length increase of
spring, summer and autumn growth cycles of Balady mandarin
trees.

4.1.4. No. of leaves/shoot

The effect of organic manure source, method of organic
manure —application and  biofertilizers as well as their
combinations on number of leaves per shoot of spring, summer
and autumn growth cycles of Balady mandarin trees during 2000
and 2001 seasons is reported in Tables (17-21).

It is obvious from Table (17) that shoots of poultry
manured trees had significantly higher number of leaves of
spring (3.9 & 4.2). summer (4.4 & 4.7) and autumn (2.6 & 2.8),
whereas, those of sheep manured trees recorded (3.6 & 3.9) for
spring, (3.9 & 4.2) for summer and (2.2 & 2.4) for autumn
growth cycles in 2000 and 2001 seasons, respectively. On the
contrary, shoots of cattle manured trees recorded the lowest
number of leaves for spring (3.4 & 3.7), summer (3.3 & 3.6) and
autumn (2.0 & 2.2) in the first and second seasons, respectively.

Furthermore, the application of organic manure either
superficially or in trenches induced similar effect on number of
developed leaves per shoot of spring growth cycle. Meanwhile,
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trench application of organic manure surpassed surface
application in enhancing number of produced leaves per shoot of
summer and autumn growth cycles.

Moreover, the biofertilizers induced similar effect on
number of leaves per shoots of spring, summer and autumn
growth cycles. (Table, 17).

Regarding the interaction between organic manure source
and method of application, Table (18) shows that organic
manure source exerted dominant influence on the net of
interaction between organic manure source and method of
application. Thereupon, the two methods of application of
poultry manure showed comparatively similar and higher values
of number of leaves per shoot of spring, summer and autumn,
followed descendingly and typically by those of sheep and
finally by the corresponding ones of cattle manure.

In addition, Table (19) reveals that the interaction
between organic manure source and biofertilization took the
same trend to that of organic manure source x method of
application, hence the combinations of two biofertilizers with
poultry manure scored similarly and higher values of number of
leaves per shoot of spring, summer and autumn growth cycles,
followed descendingly in the same trend by the combinations of
sheep manure and lastly by the interactions of cattle manure.

Table (20) demonstrates that the interaction between
method of organic manure application and biofertilization failed
to induce a distinctive effect on number of developed leaves per
shoot of most studied growth cycles of Balady mandarin trees in
2000 and 2001 seasons.
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Table (19): Effect of interaction between organic manure source and biofertilization on number of [caves per shoot of
Balady mandarin trees(2000 and 2001 scasons).

No. of leaves / shoot

o -
E_M_:mp__...,.M Biofeitilizer Spring growth Means of summer growth Autumn growth
source _ cycle o _ cycles . cycle
(2000) (2001) (2000) (2001) (2000) {2001)
Nitrobien 3.3b 36b 3.2¢ 35¢ 19c 2.1€
Cattle™
Rhizobacterien 34b 3.7b 33¢C 3.6¢ 2.1 bc 2.3 bc o
~=Nitrobien 38a 41a 43ab 4.6 ab 2.5 ab 2.7 ab o
vo:_n!\]vﬁv
Rhizobacterien 39a 4.2 a 4.5 a 48 a 2.7 a 29a
-
]
= Nitrobien 3.6ab 3.9 ab 3.8 bc 4.1 bc 2.2 abc 2.4 abc S
Sheep L.ﬁ H
Rhizobacterien 3.6ab 40a 4.0 ab 4.3 ab 2.3 abc 2.5 abc m
|
| o~

Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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As for the interaction between the three studied factors
namely organic manure source, method of organic manure
application and biofertilization, Table (21) demonstrates that
organic manure source had the upper hand on interaction net,
where all combinations of poultry manure produced nearly
similar and higher positive effect on number of developed leaves
per shoot of spring, summer and autumn growth cycles followed
descendingly in typical manner by those of sheep manure and
finally by the corresponding ones of cattle manure.

4.1.5. Leaf parameters

Tables (22 - 26) show the response of some leaf
parameters of Balady mandarin trees, i.e. leaf surface, leaf shape
index, leaf chlorophyll (@ & b) and leaf dry weight to organic
manure - source, method of organic manure application and
biofertilization as well as their interactions during 2000 and 2001
seasons.

4.1.5.1. Leaf surface area

[t 1s clear from Table (22) that poultry manured trees
produced more expanded leaves as compared with those given
by cattle or sheep manured ones. However, the differences
between cattle and sheep manure in this respect were so small to
reach the significance level.

Moreover, trench manured-orange trees produced more
expanded leaves than superficially manured ones.

m
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Table (22): Specific effect of organic manure source. application method and biofertilization on some leaf
parameters of Balady mandarin trees(2000 and 2001 scasons).

Leaf surface area Leaf shape Leaf chlorophyll (mg/L) Leaf dry weight
Factor (em”) index (L/W) (a) (b) (@

(2000) (2001)  (2000)  (2001)  (2000)  (2001)  (2000)  (2001)  (2000)  (2001)

a. Effect of organic manure source
Cattle manure 440c¢ 442b 2817a 283a 5770b 5970b 3297c¢ 3092c 0.109a 0113 a
Poultry manure 4.56 a 458 a 284a 282a 6325a 6525a 3940a 3715a 0.120a 0123 a
Sheep manure 445 b 4480b 282a 281a 6008ab 619%9ab 3645b 3462b 0114a 0118 a
b. Effect of application m :thod
Surface 444b 4470b 283a 282a 5847a 6141a 3548a 3330b 0112a 0116a
Trench 450a 452 a 283a 283a 61222 6322a 37052 3516a 0117a 0121a
c. Effect of biofertilization
Nitrobien 445b 448b 283a 282a 5968a 6163a 35923 3392a 0112a 0115z

Rhizobacterien 449 3 451 a 283a 282z 6100a 6300a 36632 3454z 0117a 0121 a

Means within each column, followed by the same letter(s) are not sianficantly different at 5% level.
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Furthermore, Rhizobacterien-inoculated trees produced
more expanded leaves as compared with those resulted from
Nitrobien-inoculated ones.

On the other hand, the interaction between organic
manure and method of organic manure application reveals that
poultry manure applied particularly in trenches or superficially
exerted the highest positive effect on leaf surface area of Balady
mandarin trees in both seasons, (Table, 23). Other studied
interactions gave nearly more or less similar values in this
respect.

In addition, Table (24) illustrates that the interaction
between organic manure source and biofertilization took nearly
the same trend of interaction between organic manure source and
method of organic manure application, hence poultry manured
trees, inoculated with Rhizobacterien, followed descendingly
by poultry manured, inoculated with Nitrobien produced the
most expanded leaves. Combination of cattle and sheep manure
induced statistically similar effect in this respect, except for
cattle manure applied superficially which showed the lowest leaf
surface area values from the statistical standpoint.

Furthermore, trench application of organic manure
associated with Rhizobacterien-inoculation exerted the highest
stimulative effect on leaf surface area, followed descendingly by
those provided with Nitrobien (Table, 25). Besides, the
application of organic manure superficially and supporting with
Rhizobacterien enhanced leaf surface area rather than the
association with Nitrobien inoculation.

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the other
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Table (23): Effcct of interaction between organic manure source and application method on some leafl parameters of

Balady mandarin trees(2000 and 2001 scasons).
Organic Application Leaf m:lmmnm area .rmm:. shape Leafchiorophyil (mg/L)  Leafdry weight
manure mattiod (ecm®) index (L/W) (a) (b) (9)
source (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
Surface 4.38d 441e 283 a 283a 5685¢ 5885d 32.18d 30.10d 0.105b 0.108a
Cattle |vﬁ
Trench 442 cd 4.44 de 283a 284a 5855bc 6055cd 3375cd 3175cd 0114 ab 0.118 ab
Curface 451 b 453 b 285a 281a (200ab ®B400ab 3865ab 3615ab 0119 ab 0172 ab
_uoc_nw<|vm
Trench 461a 463 a 284a 283a 6450 a 6650 a 4015a 38152 0122 a 0.124 a
_1v Surface 444¢ 447 cd 283 a 281a S99.55bc  6138bcd 3565bcd 3365bc  0.113ab O 117 ab
m:mmﬁ i-r
Trench 445 ¢ 449c¢ 282a 282 a 6060 b 6260 bc 3725abc 3558ab 0D116ab 0.119ab

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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Table (25): EfTect of interaction between application method of organic manure and biofertilization on some lecaf
paramcters of Balady mandarin trees(2000 and 2001 seasons).

Application Leaf surface area Leaf shape Leaf chlorophyll {mg/L) Leaf dry weight
method ~ Blofertilizer  (em®)  index(uw) T @ - (p) @
(2000) (2001) (2000)  (2001) (2000 (2001)  (2000) (2001) (2000)  (2001)
™ Nitrobien 443 ¢c 4.46¢c 2832 282a 5900a 6089a 3500a 33.00a 0.108a 0.111a
Surface—
"~ Rhizouacterien 446bc 448bc 284a 282a 5093a 6193a 3599a 3360 a 01162 0120=
— Nitrobien 448 b 4.50 ab 283a 2832 6037a 6237a 3683a 34833 0.116a 0118a
Trench —|
— Rhizobacterien 452 a 454 a 282a 283a 6207a 6207a 37273 354%9a 0119a 01222

‘Means within each nouca_.__ followed by the mﬁ.sm‘_‘mﬂmkmv are not significantly different at 5% |evel.
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combinations (cattle and sheep) in enhancing leaf surface area with
the superiority of trench application on the expense of surface
application and Rhizobacterien inoculation on the expense of
Nitrobien oculation. Besides, sheep manure combinations
surpassed cattle manure interactions in this respect and took the
same pattern of poultry manure combinations in both seasons,
(Table, 206).

4.1.5.2. Leaf shape index

[t 1s clear from Tables (22 — 26) that neither the three
tested factors (organic manure sources, method of organic
manure application and biofertilizer) levelly nor their different
combinations succeeded in exerting a distinctive effect on leaf
shape index of Balady mandarin trees.

4.1.5.3. Leaf chlorophyll (a & b)

Table (22) shows that leaves of poultry manured trees had
the highest values of chlorophyll a & b, followed descendingly
by those of sheep manured ones and finally those of cattle
manured trees. However, the differences between the three
organic manure sources in this respect were obvious to be
significant at 5% level.

Furthermore, method of organic manure application failed
to induce and positive effect on leaf chlorophyll @ & b of Balady
mandarin trees in both seasons.

Additionally. biofertilization failed to induce any positive
cffect on leaf chlorophyll a & b of Balady mandarin trees in
both seasons.

R EEEEEEEEEE—————
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Table (26): Effcet of intcraction between organic manure source. application method of organic m

on some leafl parameters of Balady mandarin trees(2000 and 2001 scasons).

anure and biofertilization

Organic  Applicati  Biofertilizer = Leaf surface Leaf shape Leaf chlorophyll (mg/L) ~ Leafdry weight
manure on N-fixing area (cm?) index (L /W) (a) (b) (9)
_source method bacteria  (2000) (2001) (2000) (2001)  (2000) (2001)  (2000) (2001) (2000)  (2001)
™~ Nitrobien 437 g 440 g 283a 28B2a 56.50 b 58.50 b 31.70d 2970 e 0.095b 0.088 b
Surface =
Cattle s " Rhizobacterien  4.40 fg 4.42 fg 283a 283a 57.20 b 59.20 b 3267 cd 30.50 de 0.115a 0.119a
manure - h ol ® Nitrobien 4.41 efg 4.44 efg 284a 284a 5810ab 60.10ab 33.50 bed 31.50 cde 0.114a 0117 a
renc
" Rhizobacterien 4.43 defg 4.45defg 281a 284a 59.00ab 61.00ab 34.00 bcd 32.00 cde 0.115a 0.1189a
Nitrobien 4.48 cd 4.52 cd 285a 281a 6150ab 63.50ab 38.30 ab 36.30 abc 0.118a 0.121a
Surface ¢ﬁ
vn.c_qu‘luvﬁ Rhizobacterien  4.53 bc 4.55 be 284a 2B2a 6250ab 6450ab 38.00ab 36.00 abc 0.120a 0.124a
manure -1 b L\_i Nitrobien 458 b 460Db 284a 283a 63.00 ab 6500 ab 40.00a 38.00 ab 0.120 a 0.123 a
renc |
" Rhizobacterien 4.65a 467 a 284a 283a 66.00 ab 68.00 a 40.00 a 38.30 a 0.125 a 0.125 a
Nitrobien 443 defg 4.46 defg 282a 282a 58.00ab 60.67 ab  35.00 abcd  32.00 bcde 0.112ab 0.115ab
mclmnmlvﬁ
Sheep Rhizobacterien 4.46 cdef 4.48cdef 284a 280a 6010ab 6210ab 36.30 abcd 3430abcde 0.115a 0.119a
-
manure = Nitrobien 4.45 def 448 cdef 283a 281a 60.00ab 62.00 ab 37.00 abcd 2500abcd 0.115a 0.118a
Trench |W—|
Rhizobacterien  4.48 cde 4.50 cde 281a 283a 61.20 ab 63.20 ab  37.50 abc 36.17 abc 0.117 a 0.121a

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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On the other hand, Table (23) reveals that poultry manure
when applied in trenches gave the highest values of leaf
chlorophyll a & b, followed by superficial application. Besides,
the combinations of sheep manure surpassed cattle manure in
enhancing leaf chlorophyll a & b with the superiority to trench
application.

Furthermore, Table (24) shows that poultry manure
provided with Rhizobacterien proved to be the most efficient
interaction in improving leaf chlorophyll a & b, followed by
poultry manure supported with Nitrobien. Besides, sheep manure
combinations surpassed cattle manure combination with the
superiority to Rhizobacterien inoculation.

On the other hand, trench application of organic manure
provided with Rhizobacterien or Nitrobien exerted more positive
effect on leaf chlorophyll @ & b than did surface application
supported with Rhizobacterien or Nitrobien inoculation (Table,
25).

Finally, the interaction between the three studied factors
(Table, 26) demonstrates that the combinations of poultry
manure gave the highest values of leaf chlorophyll a & b with
the superiority in the side of trench application and
Rhizobacterien inoculation, Besides, the interactions of sheep
manure surpassed the corresponding ones of cattle manure with the
superiority to trench and Rhizobacterien inoculation.
4.1.5.4. Leaf dry weight

It is clear that leaves of poultry and sheep manured trees
had similarly higher values of dry weight than those produced by
cattle manured ones, (Table, 22).

M—J__—’——M
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Furthermore, neither the method of organic manures
application (trench and surface) nor the biofertilization type
(Rhizobacterien  and Nitrobien) induced distinctive and
remarkable effect on leaf dry weight of Balady mandarin trees.

As for the interaction between organic manure source and
method of organic manure application, Table (23) reveals that
the combination of poultry in trenches exerted higher positive
effect on leaf dry weight as compared with those arised from
cattle manure applied superficially. Besides, sheep manure
combination had intermediate values between other testes of
study.

Furthermore, the interaction between organic manure source
and biofertilization illustrates that poultry manured trees provided
with Rhizobacterien and Nitrobien gave similar and higher values
of leaf dry weight as compared with cattle manure x Nitrobien in
both seasons of study. Besides, sheep manure combination had
intermediate values between other tested interaction, (Table, 24).

Additionally, Table (25) reveals that when the method of
organic manure application interacted with biofertilization, it
failed to add an additional remarkable effect on leaf dry weight
of Balady mandarin trees.

Finally, the interaction between the three studied factors
(organic manure source, method of organic manure application
and biofertilization) reveals that all studied interactions induced
nearly similar and higher values of leaf dry weight as compared
with cattle manure applied superficially and supported with
Rhizobacterien in both seasons of study (Table, 26).

Conclusively, poultry sheep manure proved to be the most
efficient organic manure source in enhancing tree growth of
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Balady mandarin trees expressed as the longest growth cycles
duration, the highest growth cycles intensity, the longest shoots
of different growth cycles, the highest number of leaves per
shoot of different growth cycles, the largest leaf surface area, the
richest leaves in chlorophyll (a & b) content and the heaviest leaf
dry weight. Cattle manure induced the least positive effect,
whereas sheep manure exerted intermediate effect in this
concernn.

Moreover, trench application of organic manure surpassed
surface application in improving the previously mentioned tree
growth parameters.

Furthermore, Rhizobacterien-inoculated trees showed better
growth and higher values of the studied growth parameters as
compared with Nitrobien-inoculation.

The enhancement in tree growth due to organic manure in
general and poultry manure in particular, may be attributed to the
fact that manures often improve the structure of soil; they may do
this directly through their action as bulky diluents in compacted
soils, or indirectly when the waste products of animals or micro-
organisms cement soil particles together. These structural
improvements increase the amount of water useful to crops that
soils can hold; they also improve aeration and drainage and
encourage good root growth by providing enough pores of the right
sizes and preventing the soil becoming too rigid when dry or
completely waterlogged and devoid of air when wet. Consequently,
the positive effects of organic manure on growth may be due to: (1)
its prospective physical effects on soil conditions, (2) the nutrients
it supplies and (3) the way it supplies the nutrients. Besides, poultry
manure is characterized by containing twice as much nitrogen as

M
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farmyard manure, they are much richer in phosphorus and contains
as much potassium as farmyard manure, (Cooke, 1982). Moreover.
Li et al. (1998) pointed out that organic manure increased the soil
content of IAA and cytokinins and stimulated plant growth.

On the other hand, the enhancement of tree growth due to
trench application of organic manure rather than surface application
may be due to the fact that the uric acid in fresh manure is
decomposed by micro-organisms to give ammonia, which is easily
lost if the manure is exposed (Cooke, 1982). Losses of nitrogen by
volatilization, of course, will still unless the manure 1s plowed
under or disked in immediately (Tisdale and Nelson, 1956).

Furthermore, the improvement of tree growth as a result of
biofertilization may be due to the production of growth regulators
as well as to N-fixation (Rao and Dass, 1989).

The results of organic manure source in enhancing tree
growth are confirmed by the findings of Mukherjee et al. (1983)
on jack fruit, Sekiya et al (1983) on apple, Darfeld and Lenz
(1985) on pear, Pil’Shchikov (1986) on apple, Villasurda and
Baluyut (1990) on guava, Awad et al. (1993) on olive, Li et al.
(1993) on pummelo, Smith (1994) on banana, Abou-Sayed-
Ahmed (1997) on pear, Li et al. (1998) on apple, Takahashi et al.
(1998) on mulberry, Ashinov and Bekanov (1999) on plum,
cherry, peach, apricot and wild cherry, El-Kobbia (1999) on
Balady mandarin, Grassi et al. (1999) on Rangpur lime seedlings
and recently Moustafa (2002) on Washington navel orange trees.
They concluded that leaf surface area, leaf fresh and dry weights as
well as photosynthetic pigment content, i.e. chlorophyll @ and &,
total chlorophyll and carotene were superior with organic manure
particularly poultry and cattle manure.
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On the other hand, the results of organic manure application
method in this rtespect go in line with the reports of
Makhmadbekov ef al. (1984) on lemon and Fisun and Kodzokov
(1991) on plum and Moustafa (2002) on Washington navel orange.

Furthermore, positive effect of tested biofertilizers on tree
growth are in harmony with the findings of Ball et al. (1983) on
groundnut, Nagarajan et al. (1989) on mulberry, Haggag and
Azzozy (1996) on mango, Ahmed et al. (1997) on grapevines,
Sharma and Bhutani (1998) on apple, Fernandez e al. (1998) on
banana, Mansour (1998) on Anna apple, Wange and Ranawade
(1998) on grape, Mahmoud and Mahmoud (1999) on peach and
Moustafa (2002) on Washington navel orange. They showed that
biofertilizers, i.e. Rhizobacterien and Nitrobien caused material

improvement in shoot length, leaf-area and cane thickness.

4.2. Leaf mineral content

Leaf mineral content (N, P, K, Ca, Mg, Fe, Zn, Mn and
Cu) of Balady mandarin trees during 2000 and 2001 seasons in
response to organic manure source (cattle, poultry and sheep),
method of organic manure application (surface and trench) and
biofertilization (Rhizobacterien and Nitrobien) as well as their
interactions is reported in Tables (27 -36).

4.2.1. Nitrogen

It is clear from Table (27) that leaves of poultry manured
trees had higher values of nitrogen content (2.68 & 2.67%) as
compared with those manured with cattle (2.44 & 2.40%) in the
first and second seasons, respectively. Besides, leaves of sheep

—__——-——"——————————'!—__*——_—H*_ﬁ_—_—
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manured trees scored inbetween values of nitrogen content (2.56
& 2.54%) in 2000 and 2001 S€asons, respectively. Anyhow, the
differences between the three studied organic manure sources in
this regard were obvious to be significant.

[n addition, the application of the three studied organic
manure  sources in trenches induced higher positive effect on
leaf nitrogen content rather than superficial application
(Table,27).

Furthermore, fertilizing Balady mandarin trees with
Rhizobacterien improved leaf nitrogen content rather than the
inoculation with Nitrobien.

Moreover, the interaction between organic manure source
and method of organic manure application demonstrates that leaf
nitrogen content showed more response to organic manure
source rather than to method of organic manure application,
hence poultry manure applied firstly in trenches and/or secondly
superficially induced the highest positive effect on leaf nitrogen
content, followed descendingly by the combinations of sheep
manure and lastly by the interactions of cattle manure (Table,
28).

Additionally, Table (29) indicates that leaf nitrogen
content responded largely to organic manure source rather than
biofertilizers, where poultry manured trees supported firstly with
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Table ( 28): Effcct of interaction between organic manure source and application method on leaf N. P. K. Ca and
Mg content of Balady mandarin trees(2000 and 200] seasons).

Organic Application Elements concentration in dried leaves (%)
manure method Nitrogen  Phosphorus _ Potassium ~_ Calcium Magnesium
source (2000)  (2001)  (2000) (2001 (2000)  (2001)  (2000)  (2001)  (2000) (2001)
_.v Surface 2.44d 239f 0136a 0.135a 0725f 0.730 f 3.6 3.0d 0.31f 0.33f
Cattle —
r Trench 2.44d 242e 01352 0138a 0765e 0.770e 34 E 3.2d 0.35e 037e
Surface 286b 264b 01402 0141a 1020b 1025b 38ab 40b 050b 052b
Poultry rw.‘l
= Trench 271a 270a 01432 01412 1038a 10482 43a 45a 045a 0552
™ Surface 255¢  253d 01402 0138a 0870d 08754 34bc 35¢ 042d 0444
Sheep IL

“~ Trench 228¢ 256¢c 0.140a 01402 0815¢c 0935¢ 34 be 35¢ 044 c 046 ¢

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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Rhizobacterien or secondly with Nitrobien scored the highest
values of leaf nitrogen content, followed descendingly by those
of sheep manure and lastly by the combinations of cattle manure.

Moreover, Table (30) reveals that the application of
organic manure in trenches and Rhizobacterien fertilization
proved to be most efficient interaction in enhancing leaf nitrogen
content of Balady mandarin trees. Other tested combinations
induced similar effect on leaf nitrogen content from the
statistical standpoint.

Finally, the interaction between organic manure source,
method of organic manure application and biofertilization shows
that the interactions of poultry manure, particularly when poultry
manure applied in trenches and supported with Rhizobacterien
induced the highest positive effect on leaf nitrogen content. On
the contrary, the combinations of cattle manure exerted the least
positive effect on leaf nitrogen content. Besides, the
combinations of sheep manure occupied inbetween positions in
this respect (Table, 31).

4.2.2. Phosphorus

Table (27-31) demonstrates that the three studied factors
i.e. organic manure source (cattle, poultry and sheep), method of
organic  manure  application (surface and trench) and
biofertilization alone or in different combinations failed to show
any distinctive effect on leaf phosphorus content of Balady
mandarin trees during 2000 and 2001 seasons.

%
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Table (31): Effect of interaction between organic manure source. application method and biofertilization on leaf N. P. K.
Ca and Mg content of Balady mandarin trees(200(

Organic  Application Biofertilizer
manure method N-fixing
~source - bacteria
Nitrobien
Surface |vﬁ
Cattle Rhizobacterien
—
manure Nitrobien
Trench L\.ﬁ .
Rhizobacterien
Nitrobien
Surface —| ) )
Poultry *Rhizobacterien
—_
manure ~Nitrobien
Trench —=[_ .
Rhizobacterien
Nitrobien
Surface ivﬁ ) )
Sheep Rhizobacterien
¢
manure ~Nitrobien
Trench —|

* Rhizobacterien

) and 2001 scasons).

Elements concentration in dried leaves (%)

- .z.qo‘mma _u@Om.uso_.:m monmmmwcﬂ |.0E:.._|} Magnesium
(2000)  (2001)  (2000)  (2001) (2000)  (2001)  (2000)  (2001) (2000)  (2001)
243g 2.38f 0136 a 0.136a 0700f 07101 3.0f 29f 0.291 0.301
244qg 241f 0.136 a 0.133a 0.750ef 0.750h 3.1 ¢ef 3f 0.34h 036h
242¢g 240f 0133a 0136a 0740ef 0740h 31ef 31f 0.34h 0.37gh
247fg 244f 0136a 0140a 0790de 0800g  3.2def 33e 037g 0.38¢g
263bcd  261cd 0140a 0140a 1000ab 1010¢c 36¢c 38¢ 049¢ 051¢c
269b 267b 0140 a 0143a 1040a 1.040b 40b 42b 052b 054b
265bc 264bc 01402 0140a 1007ab 1007c 40b 42b 051b 053b
277a 276a 0146 a 0143a 1.070a 1080a S5a 47a 057a 057a
253 ef 251e 0140 a 0136a 0870cd 0880f 33cdef 34de 041f 043f
258cde 256de 0140 a 0140a 0870cd 0870f 34cde 35 de 043e 045e
255def 253e 0140 a 0140a 089%0c¢ 0910e 3.3 cdef 34de 043e 045e
Z81boge 259¢d 0.140 2 0140a 0940bc 0960d 3.5¢cd 36d 0.45d 047d

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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4.2.3. Potassium

It is clear that fertilizing Balady mandarin trees with
poultry manure enriched leaf potassium content (1.02 & 1.03%)
as compared with those manured with sheep (0.89 & 0.90%) and
cattle manured trees (0.74 & 0.75%) in 2000 and 2001 seasons,
respectively.  Anyhow, the differences between the three organic
manure sources in this respect were obvious to be significant,
(Table, 27).

Furthermore, the application of the three studied organic
manure sources in trenches induced higher positive effect on leaf
potassium content rather than superficial application (Table, 27).

Moreover. Table (27) reveals that fertilizing Balady
mandarin trees with Rhizobacterien improved leaf potassium
content rather than Nitrobien fertilization.

Furthermore, Table (28) shows that leaf potassium
content responded largely to organic manure source rather than
method of organic manure application, when their interactions
were concerned, thereupon poultry manure whether applied
superficially or in trenches induced similarly higher positive
effect on leaf potassium content followed descendingly by the
combinations of sheep manure and lastly the corresponding ones
of cattle manure in both seasons of study.

In addition, the interaction between organic manure
source and biofertilization demonstrates that the upper hand for
the effect on leaf potassium content was organic manure source
rather than biofertilization. Thereupon, poultry manured trees
supported with Rhizobacterien or Nitrobien induced statistically

/ﬁ
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similar and higher positive effect on leaf potassium content,
followed descendingly by those of sheep manure and lastly the
interactions of cattle manure (Table, 29).

On the other side, Table (30) reveals that out of
interactions between method of organic manure application and
biofertilization. Trench application x Rhizobacterien scored
statistically higher values of leaf potassium content. Other tested
combinations produced similar effect on leaf potassium content
from the statistical stand point in both seasons of study.

Finally, the interaction between the three studied factors
l.e. organic manure source, method of organic manure
application and biofertilization demonstrates that the interactions
of poultry manure exerted similarly higher positive effect on leaf
potassium content of Balady mandarin trees, followed
descendingly by those of sheep manure, and lastly, the
interactions of cattle manure in the first and second seasons
(Table, 31).

4.2.4.Calcium

It 1s obvious from Table (27) that leaves of poultry
manured trees had higher values of calcium (4.0 & 4.2%),
followed by those manured with sheep (3.3& 3.4%) and lastly
those of cattle manured trees (3.1 & 3.1 %) in 2000 and 2001
scasons, respectively. The differences between the three studied
organic manure sources, regarding leaf calcium content were
remarkable to be significant at 5% level.
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In addition, the application of the three studied organic
manure source in trenches induced higher positive effect on leaf
nitrogen content rather than superficial application (Table,27).

Furthermore, inoculating Balady mandarin trees with
Rhizobacterien enriched leaf calcium content rather than the
inoculation with Nitrobien.

As for the interaction between organic manure source and
application method of organic manure, Table (28) reveals that
poultry manure applied firstly in trenches and secondly
superficially showed to be the most efficient combinations in
enhancing leaf calcium content. Bedsides, the interactions of
sheep manure surpassed the corresponding ones of cattle manure
in improving leaf calcium content of Balady mandarin trees in
both seasons.

Regarding the interaction between organic manure source
and Dbiofertilization, Table(29) demonstrates that Rhizobacterien
combinations surpassed Nitrobien followed descendingly by
those manured with the same organic manure source and
provided with Nitrobien. Besides, the combinations of sheep
manure took not only the same trend, but also surpassed the
analogous ones of cattle manure.

Furthermore, Table (30) shows that the application of
organic manure in trenches provided with Rhizobacterien
moculation  enhanced leaf calcium content , followed
descendingly by surface application supported with
Rhizobacterien. On the other hand, trench application of organic
manure associated with Nitrobien inoculation surpassed surface
application provided with the same biofertilizer in enhancing

leaf calcium content.
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Finally, Table (31) illustrates that the interaction between
the three studied factors i.e. organic manure source, application
method of organic manure and biofertilization on leaf calcium
content. Briefly, poultry manure x  trench application x
Rhizobacterien, followed by poultry manure x trench or surface
application x Rhizobacterien or Nitrobien gave the highest
values of leaf calcium content. On the other side, the
combinations of sheep manure surpassed the corresponding ones
of cattle manure in improving leaf calcium content of Balady
mandarin trees.

4.2.5. Magnesium

Table (27-31) shows that the specific effect of organic
manure source, application method of organic manure and
biofertilization (Table, 27), the interaction effect between
organic manure source and application method (Table, 28), the
interaction effect between organic manure source and
biofertilization (Table, 29), the interaction effect between
method of organic manure application and biofertilization
(Table, 30) and the interaction effect between the three studied
factors, i.e. organic manure source, method of application and
biofertilization, (Table, 31) took nearly similar trend to that of
leaf calcium content of Balady mandarin trees in 2000 and 2001
seasons.

4.2.6. Iron, Manganese and Zinc

It is obvious from Table (32) that leaves of poultry
manured trees had the highest values of leaf Fe, Mn and Zn

m
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content, followed descendingly by those of sheep manured ones
lastly  those fertilized with cattle manure. However. the
differences between the three tested organic manure source in
this concern were remarkable to be significant,

Furthermore,  the application of organic manure in
trenches enhancd leaf Fe, Mn and 7p content rather than surface
application.

Moreover, inoculating  Balady mandarin trees with
Rhizobacterien exerted more positive effect on leaf Fe, Mn and
Zn rather than Nitrobien inoculation.

Additionally, Table (33) reveals that the application of
poultry manure firstly in trenches and secondly superficially
exerted the highest stimulative effect on leaf Fe, Mn and Zn
content. On  the contrary, the application of cattle manure either
in trenches or superficially induced the lowest values in this
respect. The interactions of sheep manure occupied an
intermediate position inl this sphere.

Table (34) shows that the interaction between organic
manure - source and biofertilization took the same trend of
interaction between organic manure source and method of
organic manure application regarding leaf Fe, Mn and Zn
content. Thereupon, leaves of poultry manured trees in general,
manured in trenches in particular or superficially were the richest
ones in their content of Fe, Mn and Zn Besides, the
combinations of sheep manure induced higher positive effect on
leaf Fe, Mn and Zn content as compared with those of cattle
manure.

It is quite evident from Table (33) that the application of
organic manure in trenches. provided with Rhizobacterien
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Table ( 34 ): Effeet of interaction between organic manure source and biofertilization on leaf Fe. Mn. Zn. and Cu
content of Balady mandarin trees(2000 and 2001 SCasons).

Elements concentration in dried leaves (ppm)

Organic manure . - -
N Biofertilizer Iron - Manganese  Zine  Copper
(2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
Nitrobien 67 d 64 ¢ 43 f 45 d 3Be 40 d Sa 6a
Cattle manure™
* Rhizobacterien 72d 69 ¢ 50 e 54 ¢ 45 d 46 ¢ Sa 6a
Nitrobien 88 b 85a 89 b 67 b 66 b 68 a Sa 6a
Poultry Em::_.mvﬁ
= Rhizobacterien 94 a 89 a 77 a 8la 71 a 2a Sa 6a
rr Nitrobien 80 c 77 b 61d 63 b 55 ¢ 57 b 5a 6a
Sheep manure—
= Rhizobacterien B2c 79b 65 ¢ 68 b 58 ¢ 60 b Sa &2

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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inoculated recorded the highest values of [eaf Fe. Mn and Zn
content.  Moreover, trench application of organic manure
supported  with Rhizobacterien exerted similar positive effect on
leaf Fe, Mn and zn content to that of surface application of
organic manure associated with Nitrobien inoculation. On the
contrary, trees manured superficially and inoculated with
Nitrobien had the lowest leaf Fe, Mn and Zn content,

Lastly, the interaction between organic manure source,
method of organic Mmanure application and biofertilization,
(Table, 36) reveals that the poultry manured trees, inoculated
with - Rhizobactrien and fertilized in trenches in particular
and/or superficially followed descendingly by the corresponding
ones inoculated with Nitrobien and manured firstly in trenches
and secondly superficially showed the highest values of leaf Fe,
Mn and Zn content. Besides, the combinations of sheep manure
proved to be more efficient in enhancing leaf Fe, Mn and Zn
content than the analogous of cattle manure.

4.2.7. Copper

It is clear from Table (32-36) that the three studied
factors, i.e. organic manure source, method of organic manure
application and biofertilization whether concerned lonely or in
their different studied combination failed to induce a distinctive
effect on leaf copper content of Balady mandarin trees during
2000 and 2001 seasons.

Abstractly, poultry manure proved to be the superior
organic manure source m enhancing leaf N, K, Ca, Mg, Fe, Mn
and Zn content, Besides, the application of organic manure in
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trenches exerted more positive effect on leaf Ca, Mg, Fe. Mn and
Zn  than surface application. Moreover. Rhizobacterien
inoculation surpassed Nitrobien inoculation in improving leaf N,
K, Ca, Mg, Fe, Mn and Zn content .

The improvement in leaf nutrient content due to poultry
manure may be explained by the fact that it induced positive
effect on physical condition of the soil, creates favourable
conditions for root growth and nutrients absorption; it supplies
much nutrients, and it facilitates the absorption of fixed nutrients
by tree roots. Besides, poultry manure contains twice as much
nitrogen as farmyard manure, they are much richer in
phosphorus and contain as potassium as farmyard manure
(Cook, 1982).

Furthermore. the enhancement of leaf nutrient content due
to trench application of organic manure, may be due to the fact
that the incorporation of manure in the soil provided a protection
against nutrients losses (Cook, 1982).

Briefly. the results of leaf mineral content due to organic
manure source are in accordance with the findings of Sekiya et
al. (1993) on Satsuma mandarin, Kalu-Singh et al. (1984) on
mango. Noack (1984) on apple, Darfeld and Lenz (1985) on
pear, Umemiya and Sekiya (1985) on persimmon, Villasurda
and Baluyut (1990) on guava, Ben-Ya-Acov et al. (1992) on
avocado. Awad et al. (1993) on olive, Alvarez etal. (1993) on
pinapple, Smith (1994) on banana, Abu-Sayed Ahmed (1997)
on Balady mandarin El-Kobbia (1999) on Balady mandarin and
Moustafa (2002) on Washington navel orange . They reported

ﬁ
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that organic manure, particularly, poultry manure enhanced leaf
mineral content.

Besides, the obtained results of leaf mineral content
attributed to the effect of method of organic manure application
are in harmony with the findings of Thachuk (1983) on apple,
Bhangoo et al. (1988) on grape, Goede (1993) on mango and
Moustafa (2002) on Washington navel orange. Moreover, the
results of biofertilization regarding leaf mineral content are in
agreement with the findings of Pmares et al. (1983) on oranges,
Chokha et al. (1993) on orange, Haggag and Azzazy (1996) on
mango, Ahmed et al. (1997) on grape, Awashi et al. (1998) on
peach, Fernandez et al. (1998) on banana, Mansour (1998) on
Anna apple, Mahmoud and Mahmoud (1999) on peach
Tiwary et al. (1999) on banana and Moustafa (2002) on
Washington navel orange. They mentioned that Rhizobacterien

enhanced most leaf mineral content.

4.3. Tree fruiting

Data presented in Tables (37 — 47) show the effect of
organic manure sources, ie. cattle, poultry and sheep, methods
of organic manure application (surface and trench) and
biofertilization (Rhizobacterien and Nitrobien) as well as their
interactions on tree fruiting parameters i.e., fruit set, fruit drop
percentages, number of fruits per tree, yield (kg/tree) and
biennial bearing index of Balady mandarin trees during 2000 and
2001 seasons.

M
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4.3.1. Fruit set percentages

It is quite evident from Table (37) that poultry and sheep
manured-Balady mandarin trees set higher percentages of fruits
(26.92 & 24.04) and (26.92 & 24.10) respectively, and finally
cattle manured (26.15 & 23.18) in 2000 and 2001 seasons,
respectively. However, the differences between poultry manure
and cattle manure in this respect were obvious to be significant
at 5% level. On the other hand, the differences between sheep
manure and both poultry and cattle manure in this concern were
so small to reach the significance level.

Furthermore, the application of organic manures method
i trenches surpassed superficially to set higher percentage of
fruit of Balady mandarin trees in both seasons of study (Table,
37).

In addition, biofertilization failed to induce any significant
effect on fruit set of Balady mandarin trees in both seasons.

As for the effect of interaction between organic manure
source and method of application on fruit set percentages of
Balady mandarin trees, Table (38) demonstrates that in both
seasons of study, poultry manure applied in trenches gave the
highest values on fruit set percentage, followed descendingly by
sheep manure in trenches. On the contrary, cattle manure applied
on the surface gave the lowest values in this concern.

The interaction between organic manure source and
biofertilization, (Table, 39) failed to induce a pronounced effect
on fruit set percentage from the statistical standpoint in both
seasons.

e ———————————————————
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Table (38): Effect of interaction between organic manure source and application method on fruit set and fruit shedding

percentage of Balady mandarin trees(2000 and 2001 scasons).

Organic = = Fruit set Fruit shedding(%)
manure >utrmu—wn._uo: - () May, 1*-May 31" June, 1% -July.1* July, 2" ~Augsut,1*  August,2" ~September,1st
source e (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
Surface 2589 b 2280b 5568a 5355a 1883a 1573a 1277a 1063a 476 a 454 a
nu#_mlvﬁ
Trench 26.40 ab 2347ab 5473ab 5259ab 1866b 1556 b 1263 a 10.55 ab 462 ab 440b
Surface 2%5.40 ab 2347ab 5358bc 5147bc 1852b 1547 b 12.48 a 10.39 bc 448 b 427¢
vo::.iL-ﬁ
Trench 2744 a 2461a 5231¢ 5015c 1824c¢ 1514c¢ 1211b 1006e 411 ¢ 391d
ﬁc Surface 2640ab 2362ab 5358bc 5143bc 1852b 1543 b 1243ab 1032cd 448b 428¢
Sheep —>
™ Trench 2743 a 2459 a 5235¢ 5013¢ 1824¢c 1516¢ 1211b 1018 de 411 ¢ 3924d

Means within each column, followed by the same letter(s) are not significantly different at 5% level.

128

Results and Discussion



sion

<
Ty
S
<
Q
=
R3] Y5 1B Jusiagip Apuedyiubis Jou a4e (s)4a13| awes 3L AQ pamO||0f ‘UWN0Y UdES UIIIM SUBB| M
q80v ogzy eB8ZOL eBZZCL 2gZGL 20€8L Q/lbBr GBSLS E 9B'vZ e gg /g Ualejoeqoziyy i)
uT desys ......u......
gzlLy aqpey EBEZOL BLEZL 2998ZL 999r'glL Q8 0LZS 9B GEYS B GEEC e 5292 uaiqodliN ﬁ
g80"% 2/t eslL0OL eBgZCl oQzZZL 20€8lL 9gsek 4B8BS LS e RgOvZ B QG LZ USLISOEQOZIYY =
< Annod
qolL¥ 2ggEy ©B9ZOL BPEZL 299E€GL J98y 8L deQLTS 9B LE'¥YS EBEES e 9Z2'9C USIQOAIN = (o))
o
ECh P gecoy EPS0OL EBO9ZL 9BZSGL QBE98L QB /SIS Q9B LLES B S8 EC e (Q/'9Z Ual2}0eqoziyy =
uT 2[e)
E GV eg/y BPI0L EBRLZL B9/ Gl ©BG8B8L B/.SPS B LGS BGSZC BBSSE uaiqodIN
(1002) (00020  (tooz)  (ooo)  (ooz)  (oooz)  (ooz)  (oooz)  (Looz) (0002 821n0s
15} Jaquiajdeg— puz1snBny | Insbny- suZ AINF s AIne= s }aunr wlE ReW- | ‘Aepw [CA] 13azijipejoig alnuew
— (%) Buippays yni4 12s Inid dwebio
(SUOSLAS [())Z PUt ((T) SOOI uLepuRw spejeg jo adruoarad

Surppays 1Ny pue 13s JINIJ U0 UOTILZI[IHLJOIq PUL 52IN0S dmur TR 10 UDDAIOq UOTIDEIT JO 199]]7 (6€) QUL




Regarding the effect of interaction between method of
organic manure application and biofertilization. failed to induce
a pronounced effect on fruit set percentage from the statistical
standpoint in both seasons,(Table, 40),

Regarding the interaction between organic manure source,
method of organic manure application and biofertilizers, Table
(41) indicates that nearly all the studied combinations failed to
induce a pronounced effect on fruit set percentage of Balady
mandarin trees from the statistical standpoint in both seasons.

4.3.2. Fruit drop percentages

Table (37) reveals that in both seasons cattle manured
trees recorded higher percentages of fruit dropping during May,
I —May, 31" | June, 1™ = July, 1% July, 2™ - August, 1* and
August, 2" September, 1" as compared with those fertilized
with  poultry or sheep manure. Besides, poultry and sheep
manured trees shed lesser percentages of fruits during May, 1™ —
May, 31" | June, 1 _— July, 1 | July, 2"d—August, 1" and
August, 2" - September, 1%,

Furthermore, the application of organic manures in
trenches succeeded in reducing fruit shedding during the fourth
studied periods of fruit dropping, ie. May, 1" — May, 31* |
I , July, 2™ - August, 1" and August, 2" —
September, 1" as compared with surface application in both
seasons.

g

June, — July, 1

Additionally,  biofertilization  in the form of
Rhizobacterien surpassed Nitrobien in reducing fruit shedding
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Table (41): Effect of interaction between organic manure source. application method ol organic manure and biofertilizer
on [ruit set and fruit shedding pereentage of Balady mandarin trees(2000 and 2001 scasons).

Organic  Applicati  Biofertilizer Fruit set Fruit shedding(%)
. (%) May, 1-May 31" June, 1% —July 1+ July, 2™ ~Augsut, 1+ August, 2" —September, 1st
manure on {N-fixing ———=" W e ——————==" AUgUsLZT ~September, st
2000 2001 2000 2001 2000 001 2000 2001 2000 2001
source method bacteria) ( ) ¢ ) ( ) ( ) ( ) @ ( ) ( ) ( ) ( )
Nitrobien 2528 a 2213 a 57.20 a 55.07 a 18.95 a 15.85a 1281 a 10.67 a 481a 459 a
Surface IV_H
Cattle . Rhizobacterien 26.50 2 23.67 a 5416 ab 52.03 ab 18.70 abc  15.60 abe 1272a 1059a 4.72ab 4.50 a
manure T h |w.ﬁ Nitrobien 2590 a 2297 a 56.21 ab 54.07 ab 18.76 ab 15.66 ab 12.67 a 1060a 4.65ab 4.43 a
renc ,
Rhizobacterien  26.90 a 2397 a 83.25 ab 51.10 ab 18.55 be 15.45 be 12.59 a 10.49 a 4.59 abc 4.37 a
Nitrobien 2580 a 22.87 a 5412 ab 51.93 ab 18.57 be 15.47 be 12.49 a 10.39 a 4.49 abc 4.28 ab
Surface ¢.ﬁ
Uo:_nJ\L\v Rhizobacterien 27,00 a 24.07 a 53.05 ab 51.00 ab 18.48 bcd  15.38 bed 12.46 a 1038a 4.50 abc 4.27 ab
manure Nitrobien 268,72 a 2390 a 54.49 ab 52.27 ab 18.35 cd 15.25 cd 12.18 a 10.12 a 4.18 be 3983b
Trench JLH
Rhizobacterien 28.15 a 2532 a3 50.12 b 4803 b 18.12 d 15.02 d 12.05 a 10.00 a 405¢c 380 b
Nitrobien 2580 a 2287 a 5412 ab 52.03 ab 18.57 be 15.47 be 12.45 a 10.35 a 4.50 abc 4.30 ab
imclmnmb\%r
Sheep ™ Rhizobacterien 27.00a 2437a 5305 ab  50.83 ab 18.48 bed  15.38 bed 1240a 10302 447 abe 4.27 ab
—
manure = Nitrobien 2672 a 2383 a 54 57 ab 52.17 ab 18.35 cd 15.25 ¢d 12.18 a 1010 a 4.18 be 395b
*Trench =
- x_._ﬁﬂwwmﬁmhmu Imm\.._m a .mm.wmum mo%_muc 48.10 b 18.12 d 15.07 d - ._umou a 1027 a 405¢c 380 b

Means within each column. followed by the same letter(s) are not significantly different at 5% level.
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during the May, 1" —May, 31 and June, 1% - July. 1 of fruit
dropping in 2000 and 2001 seasons (Table, 37).

Concerning the effect of interaction between organic
manure source and method of application, Table (38)
demonstrates that in general, the application of poultry and sheep
manure either superficially or in trenches induced nearly similar
and negative effect on fruit dropping during May, " — May, 317
June, 1% - July, 1%, July, 2" _ August, 1% and August, s
September, 1" as compared with cattle manure when applied
superficially in both seasons.

As for the effect of interaction between organic manure
source and biofertilization, it is clear from Table (39) that in
both secasons cattle manured trees whether inoculated with
Rhizobacterien and Nitrobien shed comparatively higher
percentages of fruits as compared with other tested combinations
during May, 1, May, 31 | June, 1% —July, 1% July, o
August, 1" and August, 2" _ September, 1** On the other hand,
other tested interactions induced relatively similar effect in this
respect during most studied periods.

Table (40) shows that the interaction between method of
organic manure application and biofertilization failed to induce
an obvious trend regarding their effect on fruit drop percentage
during May, ® — May, 317, June, ™ — July, 1%, July, g
August, 1" and August, 2" _ September, 1*' in both seasons of
study.

Additionally, the interaction between organic manure
source, method of organic  manure application and
biofertilization ~ shows that cattle manured-trees applied
superficially orin trenches and supported with Rhizobacterien or
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Nitrobien recorded higher values of fruit shedding during the
three  studied periods 7 ¢. May, 1% — May, 31 » June, 1% — Jyly,
1™, July, 2™ _ August, 1% and August, 2"d~September, ¥
Besides, other tested combinations namely, poultry and sheep
manure  whether applied superficially or in trenches and
supported with Rhizobacterien or Nitrobien exerted nearly
similar effect on frujt shedding during the studied ; ¢, periods
May, 1" — May, 31 > June, 1™ — July, 1, July, 2"~ August,
1" and August, 2™ _ September, 1%

4.3.3. No. of fruits/tree

Table (42) indicates that in both Seasons, the three studied
organic manure sources i.e. cattle, poultry and sheep exerted
statistically similar effect on number of produced fruits per tree.

Furthermore, application method of organic manure in
trenches gave the highest remarkable positive effect on number
of produced fruijt per tree in the second season (2001).

Moreover, biofertilization exerted statistically similar
effect on number of produced fruits per tree in both seasons of
Study.

Furthermore, Table (43) shows that out of all interactions
between organic manure - source and method of organic manure
application, poultry manure applied in trenches gave the highest
remarkable positive effect on number of produced fruits/tree in
the second season (2001).

In addition, Table (44) reveals that the interactions
between organic manure source and biofertilization failed to
show a distinctive trend i number of fruits/tree in both seasons.
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Table (43): Effect of interaction between organic manure source and application method on some fruiting parameters
of Balady mandarm trees (2000 and 2001 scasons).

Organic . . < i
3%::3 Application No. of fruits/ tree Yield (kg)/ tree
method S : § -

Sadree (2000) (2001) (2000) (2001)

Cattle ™~ Surface 350 a 143 cd 19. 59 ¢ 4939 b
—>

manure Trench 347 a 139d 19.26 ¢ 49.26 b
Poultry |L.v Surface 346 a 150 be 201b 2.01b
manure | Trench 3%3a 174 a 26.48 a 56.48 a
Sheep Ivﬂv Surface 350 a 152 be 21.67b 51.67 b
manure . 1rench 357 a 156 b 2.35b 51.72b

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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It is obvious from Table (45) that al] interactions between
method  of organic manure application and biofertilization failed
to induce any positive effect on number of fruits/tree in both
seasons.

Table (46) demonstrates that the interaction between
organic manure source, method of organic manure application
and  biofertilization failed to induce any positive effect on
number of fruits/tree in both seasons.

4.3.4. Yield (kg)/tree

It is quite evident from Table (42) that poultry manure
resulted in Icreasing tree yield as compared with those manured
with cattle manure in 2000 and 2001 seasons. Besides, sheep
manure induced an intermediate values in this respect.

Moreover,  trench application of organic - manure
surpassed  the superficial in enhancing yield in both seasons of
study.

Furthermore, the application of the two studied
biofertilizers namely Rhizobacterien and Nitrobien scored
statistically similar values of tree yield in the first and second
seasons.

In addition, the interaction between organic manure
source and method of organic manure reveals that out of all
studied interactions poultry manure applied in trenches showed
distinctive and higher values of tree yield in both seasons. On the
contrary, cattle manure whether applied in trenches or
superficially recorded the lowest values of tree yield . The
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Table (46): Effcct of interaction between organic manurc Source. application method and biofertilization on
fruiting of Balady mandarin trees(2000 and 2001 scasons).

No. of fruit/ tree

 Yield (Kg) / tree

Organic Application Biofertilizer - B
manure source method {N-fixing bacteria} (2000) (2001) (2000) (2001)
» Nitrobien 342 a 133 2 48.27 b 1827 b
Surface ¢.“F
Cattle ﬁ Rhizobacterien 358 a 153 a 50.51 ab 2084 ab
manure - Nitrobien 342 a 132 a 4816 b 1816b
* Trench —=| .
Rhizobacterien 353 a 146 a 50.36 ab 20.36 ab
Nitrobien 340 a 142 a 50.65 ab 2065 ab
Surface IVW )
Poultry ﬁv Rhizobacterien 353 a 158 a 50.37 ab 23.37 ab
manure oranch: 5] Nitrobien 360 a 168 2 55.37 ab 25.37 ab
~ Trench —
Rhizobacterien 366 2 180 a 5760 a 2750 a
~ Nitrobien 344 2 145 a 5071 ab 2071 ab
™ Surface — . ) _ .
Sheep = + Rhizobacterien 357 a 152 a 5262 ab 2262 ab
manure - ~ Nitrobien 355 2 157 a 52.24 ab 2224 ab
Trench —
- * Rhizobacterien 358 a 155 a 511G ab 22 86 ab
Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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combinations of sheep manure showed inbetween values in this
respect (Table, 43).

Table (44) demonstrates that the interaction between
organic manure source and biofertilization exerted that poultry
manure provided with Rhizobacterien proved to be the most
effective combination in enhancing tree productivity of Balady
mandarin. On the contrary, cattle manure interactions showed to
be the lowest effective combination in this concern. Besides,
other studied interactions produced an intermediate effect on tree
yield in both seasons of study.

It 1s obvious from Table (45) that out of all interactions
between method of organic manure application and
biofertilization failed to induce any positive effect on tree yield
in both seasons.

Finally, the interaction between organic manure source,
method of application and biofertilization, indicates that out of
the tested combinations, poultry manure applied in trenches and
supported with Rhizobacterien showed a remarkable and higher
positive effect on number of produced fruits per tree compared
with cattle manure applied in (surface or trench) supported with
Nitrobien. Other tested interactions gave statistically similar
values in this respect.

Abstractly, poultry manure proved to be the most efficient
organic manure source in enhancing tree fruiting of Balady
mandarin trees, hence it increased fruit set percentage, reduce
fruit dropping waves and improved tree yield (No. of fruits/tree
and yield (kg)/tree). Besides, trench application of organic
manure reduced the waves of fruit dropping as compared with
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surface application. Moreover. Rhizobacterien inoculation
enhanced fruit set percentage and reduced fruit shedding
percentage as compared with Nitrobien inoculation.

The enhancement of tree productivity as a result of using
organic manure in general and poultry manure in particular may
be due to the following facts (1) manure improves soil physical
conditions, (2) it creates more favourable conditions for plant
growth and nutrient absorption, (3) it supplies much higher
nutrient elements with poultry manure, (4) it releases much more
or less available elements (particularly, P, Fe, Zn, and Mn), (5) it
increases the soil content of IAA and cytokinins (Li et al, 1998).

In addition the improvement of tree fruiting as a result of
biofertilization may be due to the production of growth
regulators as well as N-fixation (Rao and Dass, 1989).

The results of tree fruiting induced by organic manure
source are emphasized by the findings of Bach and Abo-
Hassan (1983) on date palm, Marecek and Moravek (1983) on
apple, Mukherjee et al. (1983) on jack fruit. Sekiya et al (1983)
on Satsuma mandarin, Tanas’ev and Balan (1983) on apple,
Gasanor (1984) on persimmon, Kalu-singh et al (1984) on
mango. Kopytko (1984) on apple. Motskobili (1984) on
Satsuma, Tanas’ev (1984) on apple, Darfeld and Lenz (1985)
on pear, Pil’Shchikov (1986) on apple, Bussi and Defrance
(1987) on peach, Gadelha and Vieira (1988) on pineapple,
Piatkowski et al. (1990) on apple, Villasurda and Baluyut
(1990), Davitaze (1991), Wang et al. (1991) on grape, Ben-Ya-
Acov et al.(1992) on avocado, Bussi et al. (1992) on peach,
Gouda et al (1992) on grape, Alvarez et al (1993) on pineapple,
Rabeh et al (1993) on Balady mandarin, Prabhuram and

m
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Sathiamoorthy (1993) on banana. Li et al (1997) on pear, Song
et al. (1999) on apple and Ye-Jianwin et al.(1999) on pummelo.
In this respect, Ben-Ya-Acov et al. (1992) mentioned that the
combination of the better rootstock and organic manure
application increased yield by 135 % compared with the other
rootstocks without organic manure application. Besides, Gouda
et al. (1992) reported that the best result of combines treatments
on yield were poultry manure and cattle manure at 3.5 and 12
t/fed, respectively. Recently, Moustafa (2002) on Washington
navel orange, realized the highest yield was produced by rabbit
manure.

The obtained results regarding the effect of organic
manure appliction method on tree fruiting go in line with those
mentioned by Tsipko (1982) on apple, Tkachuk (1983) on
apple, Bhangoo et al. (1988) on grape, Fisun and Kodzokov
(1991) on plum and Goede (1993) on mango.

In addition. tree fruiting results produced by biofertilizers
are in harmony with the findings of Ball et al(1983) on
groundnut, Chang (1983) on peanuts, Pomares et al (1993) on
orange, AKI et al (1997), Fernandez et al (1998), Mansour
(1998) on apple and Moustafa (2002) on Washington navel

orange.

4.4.1. Fruit physical properties

The effect of organic manure source, method of organic
manure  application and biofertilization as well as their
interactions on fruit physical properties expressed as fruit
weight, length, diameter, juice weight and peel thickness of

——frrf-#—_
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Balady mandarin trees during 2000 and 2001 seasons is reported
in Tables (47 — ST
4.4.1.1. Fruit weight

It is clear from Table (47) that poultry manured trees
produced heavier fruit (152.5 & 148.8 g) than those produce by
sheep manure ones (148.0 &143.0 g) and finally those produce
by cattle manured trees (141.5 & 1373 g) in 2000 and 2001
seasons, respectively. The difference between the three studie
organic manure sources were obvious to be significant.

In addition, fertilizing Balady mandarin trees with
Rhizobacterien significantly  increased fruit  weight than
fertilizing with Nitrobien

Furthermore, the interaction between organic manure
source and method of organic manure application reveals that
poultry manure applied in trenches proved to be the most
effective interaction in enhancing fruit weight of Balady
mandarin trees. On the contrary, cattle manure whether applied
in trenches or superficially proved to be the least effective
interaction in enhancing  fruit weight.  Other combinations
induced intermediate effect in this concern (Table, 48).

Moreover, the interaction between method of organic
manure application and biofertilization shows that out of all
studied interactions. the application of organic manure in
trenches and supporting with Rhizobacterien induced the highest
positive effect on fruit weight. Other combinations induced
statistically similar effect in this concern (Table,49).

In addition, Table (50) demonstrates that out of all
interactions between organic manure source and biofertilizalion,
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Table (48): Effcct of intcraction between organic manurc source and application method on fruit physical properties of

Balady mandarin trees(2000 and 2001 scasons).
Organic Application o __ Fruit characteristics
manure method Weight (g) Length (cm) Diameter (cm) Peel thickness(cm) Juice weight (g)
source (2000) (2001) (2000) (2001)  (2000)  (2001)  (2000)  (2001)  (2000) (2001)
Cattle Jv%m:%mnm 141 ¢ 136 d 460c 470c 505a 515a 018a 0.18a 2550b 27.50b
manure “ Trench 142 ¢ 138 d 465b 475b 505a 515a 0182 018a 2750ab 29.50ab
r~Surface 150 b 148 b 480c 470c 505a 515a 018a 018a 2817ab 30.00 ab
Poultry __
manure ~Trench 155 a 152 5 4702 480z 505a 515a 018a O018a 20502 3150z
™ 147 & c 5 51 01 1 27
Sheep [~ Surface 47b 142 460c 470c 505a 52 018a 018a 2700ab 2900ab
manure -~ Trench 149 b 144bc  466ab 475b 5052 515a 018a 018a  2600b 2800ab
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Table (30): Effect of interaction between organic m
Balady mandarin trees(2000 and 201

anurc source and biofertilization on frui
Il scasons).

t phvsical properties of

Organic —_ Fruit characteristics

manure Biofertilizer Weight (g) Length (cm) Diameter (cm) Peel thickness(cm) Juice weight (g)

source (2000)  (2001) (2000) (2001)  (2000)  (2001)  (2000)  (2001) (2000)  (2001)
Cattle __ Nitrobien 141d  137d 455b  485b 503a  513a 018a 018a 2550p 27.50 b
manure Rhizobacterien 142cd 137 d 470ab 480ab 505a 516a 0182 018a 2750b 2950b
ﬂo:_nﬁ< jvﬁ Nitrobien 151 ab 147 ab 455hb 465b 503a 5133 0.18 g 0.18a 27.00b 2900b
manure Rhizobacterien 1542 150 475a  48a 506a 516a 018a 018a 3067 a 3250z
Shaep L\'uvz_:ou_m: 147bc  141¢ 455b  465b 5032 513a 0182 018a 2550b 2750b
manure L. phizobacterien 149 ab 144 be 4713b  480ab 5062 516a 018a 018a 2750p 2950b

Means within each column, followed by the same letter(s)

are not significantly different at 5% |eval,
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poultry manure supported with Rhizobacterien proved to be the
most efficient interaction in enhancing fruit weight. On the
contrary, the interactions of cattle manure gave the lowest values
of fruit weight. Besides, the combinations of sheep manure
exerted an intermediate effect in this respect.

As for the interaction between the three studied factors
namely organic manure source, method of organic manure
application and biofertilization reveals that out of all interactions
poultry manure applied in trenches provided with Rhizobacterien
proved to be the most effective interaction in enhancing fruit
weight. On the other hand, all combinations of cattle manure
induced the lowest values of fruit weight. Besides, other tested
combinations exerted an intermediate effect in this respect.

4.4.1.2. Fruit length

It is clear that organic manure source i.e. cattle, poultry
and sheep failed to exert a distinctive effect on fruit length of
Balady mandarin trees (Table, 47).

Furthermore, the application of organic manure in
trenches surpassed superficial application in enhancing fruit
length of Balady mandarin during both seasons of study.

Moreover, Rhizobacterien inoculated trees produced
longer fruits as compared with Nitrobien inoculated ones.

Furthermore, the interaction between organic manure
source and method of organic manure application reveals that
poultry manure applied in trenches proved to be the most
effective interaction in enhancing fruit length of Balady
mandarin trees. On the contrary, cattle manure whether applied

M

149 Resuits and Discussion



superficially or in trenches proved to be the least effective
interactions in enhancing fruit length.  Other combinations
induced an intermediate effect in this concern (Table, 48).

Additionally, the interaction between method of organic
manure application and biofertilization shows that Balady
mandarin  trees manured in trenches or superficially and
inoculated with Rhizobacterien produced the longest fruits. On
the contrary, fruits of Balady mandarin trees manured
superficially and inoculated with Nitrobien had the lowest values
of fruit length. Other combinations produced intermediate values
of fruit length, (Table, 49),

In addition, Table (50) demonstrates that out of all
interactions between organic manure source and biofertilization,
poultry manure supported with Rhizobacterien proved to be the
most efficient interaction in enhancing fruit length. On the
contrary, the interactions of cattle manure gave the lowest values
of fruit length. Besides, the combinations of sheep manure
exerted an intermediate effect in this respect.

As for the interaction between the three studied factors
namely organic manure source, method of organic manure
application and biofertilization reveals that out of all interactions
(poultry, sheep and cattle manure) applied in trenches or
superficially provided with Rhizobacterien proved to be the most
effective interactions in enhancing fruit length. On the other
hand, all combinations of (poultry, sheep and cattle manure)
applied superficially provided with Nitrobien induced the lowest
values of fruit length.

Results and Discussion 18N



4.4.1.3. Fruit diameter

Table (47-51) demonstrates that the three studied
factors ie. organic manure source (cattle, poultry and
sheep), method of organic manure application (surface and
trench) and  biofertilization alone or in different
combinations failed to show any distinctive effect on fruit
diameter of Balady mandarin trees during 2000 and 2001

Seasons.

4.4.1.4. Peel thickness

Table (47-51) reveals that the three studied factors 1.e.
organic manure source (cattle, poultry and sheep), method of
organic manure  application (surface and trench) and
biofertilization alone or in different combinations failed to show
any distinctive effect on fruit diameter of Balady mandarin trees
during 2000 and 2001 seasons.

4.4.1.5. Juice weight

It is clear that organic manure source i.e. poultry manure
exert a distinctive positive effect on juice weight of Balady
mandarin trees. Besides, sheep manure and cattle manure
showed similar effect on juice weight, (Table, 47).

Furthermore, the application of organic manure
superficially or in trenches failed to induce any positive effect on
juice weight of Balady mandarin trees.

Moreover, Rhizobacterien inoculated trees enhanced fruit
juice content as compared with the analogous ones inoculated
with Nitrobien.

fﬁ

151 Results and Discussion



Table (51): Effect of interaction between organic manure source. application method and biofertilization on fruit physical
properties of Balady mandarin trees(2000 and 2001 scasons),

Organic  Application Biofertilizer - R N ﬂ@mgﬁ.n!nﬁmlmlznm o -
manure method {N-fixing Weight Length Diameter Peel thickness Juice weight
source bacteria} (g) (cm) (cm) (cm) (9)

(2000)  (2001)  (2000) (2001) _ (2000) (2001 (2000)  (2001) (2000) (2001

Nitrobien 141 d 137 ef 450 b 460 b 5.03 a 513 a 0.18 a 0.18 a 25¢ 27 b
Surface Ivm . )
Cattle ] Rhizobacterien 141d 136 f 470ab  4.80 ab 5.06 a 5.16 a 0.18a 0.18a 26 be 28 b
manure Nitrobien 141d 137 ef 460ab 4.70 ab 5.03 a 513 a 0.18 a 0.18a 26bc 28b
Trench Ivﬁ i
Rhizobacterien 143 cd 139 ef 4.70ab  4.80 ab 5.06 a 516 a 0.18 a 018a 29 abc 31ab
~Nitrobien 14%abcd 145 peg 4.50 b 460 b 503 a 513 a 0.18 a 0.18 a 27 be 2%b
urface =L .
vo:_nQJv Rhizobacterien 151 abc  147bc 470 ab 4.80 ab 5.06 a 5.16 a 0.18 a 0.18a 29ab 31ab
manure ﬁc.ZE.n.n:m.._ 154 ab 150 ab 460ab 470 ab 503 a 5.13 a 0.18 a 0.18 a 27 be 29b
Trench — .
fﬁ:mmocmﬂm:m: 157 a 183 a 4.80 a 4.90 a 506 a 5.16 a 0.18 a 0.18 a 32a 34 a
~Nitrobien 147 bcd 142 cde 450ab 480b 5.03 a 513 a 0.18 a 0.18 a 25¢ 27 b
~Surface - ) )
m:mmulv *Rhizobacterien 147 bcd 142cde 4.70 ab  4.80ab 5.06 a 516 a 0.18 a 0.18a 29 abe 31ab
manure F.._. h ~Nitrobien 147 bed 141 def 460 ab 4.70 ab 5.03 a 513 a 0.18 a 0.18 a 26 be 28b
renc

-
rm:..,\..o_?un:w_.mm_._ 151abc 147 be 473 ab  4.80 ab 5.06 a
Means within each column, followed by the same letter(s) are not significantly different at 5% level,




As for the interaction between organic manure source and
method of organic manure application, Table (48) shows that
poultry manure applied in trenches proved to be the most
effective interaction in enhancing fruit juice content of Balady
mandarin  trees, compared with cattle manure applied
superficially in both seasons.

Additionally, the interaction between method of organic
manure application and biofertilization shows that Balady
mandarin trees manured in trenches and /or superficially and
inoculated with Rhizobacterien enhanced fruit juice content. On
the contrary, fruits of Balady mandarin trees manured
superficially and / orin trenches and inoculated with Nitrobien
had the lowest values of fruit juice content, (Table, 49).

In addition. Table (50) demonstrates that the interaction
between organic manure source and biofertilization, poultry
manure supported with Rhizobacterien proved to be the most
efficient interaction in enhancing fruit juice content. On the other
hand, poultry manure supported with Nitrobien and (sheep and
cattle manure ) supported with Rhizobacterien and Nitrobien had
similar fruit juice content from the statistical standpoint.

Finally, the interaction between the three studied factors,
i.e. organic manure source, method of organic manure
application and biofertilization reveals that out of these studied
combination  poultry manure X trench application X
Rhizobacterien induced the most pronounced distinctive effect
on fruit juice content of Balady mandarin trees in both seasons of
study (Table, 51).

_—_ﬁ
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Abstractly, fruit weight and juice weight were only the
parameter out of all studied fruit physical characteristics (fruit
length, diameter and peel thickness) that positively responded to
poultry manure. Moreover, trench application of organic manure
enhanced fruit weight and fruit length as compared with surface
application. Also, Rhizobacterien inoculation improved fruit
weight, length and juice weight as compared with Nitrobien.

4.4.2. Fruit chemical properties

Tables (52-56) show the effect of organic manure (cattle.
poultry and sheep), method of organic manure application
(surface and trench) and biofertilization (Rhizobacterien and
Nitrobien) as well as their interactions on some fruit chemical
properties i.e. total soluble solids (TSS) percentage total acidity.
1SS:acid ratio and ascorbic acid of Balady mandarin trees during
2000 and 2001 seasons.

4.4.2.1. Total soluble solids (TSS)

[t is quite evident that poultry manured trees produced
[ruits richer in their total soluble solids content (1293 &
12.85%) as compared with those produced by sheep manured
trees (12.60 & 12.40%) and cattle manured trees (12.50 &
12.35%) in 2000 and 2001 seasons, respectively. However, the
differences between the three organic manure sources in this
respect were obvious to be significant (Table, 52).

Furthermore, the application of organic manure in
trenches succeeded in enhancing fruit content of total soluble
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solids  than the application of organic manure superficially in the
second season (2001) (Table, 52).

In addition, the type of biofertilizer i.e. Rhizobacterien or
Nitrobien failed to induce a pronounced effect on fruit total
soluble solids content in both seasons of study.

Additionally, Table (53) demonstrates that poultry
manure applied superficially or in trenches produced not only
similar but also higher positive effect on fruit total soluble solids
content. followed descendingly by sheep manure whether
applied superficially or in trenches. Lastly, cattle manure applied
in trenches or superficial induced similarly the lowest positive
effect on fruit total soluble solids content of Balady mandarin
trees.

On  the other side, Table (54) reveals that organic manure
source showed to be more effective in enhancing fruit total
soluble solids content rather than biofertilizer type, where
poultry manure whether provided with Rhizobacterien or
Nitrobien induced nearly similar and higher positive effect on
fruit total soluble solids content, followed descendingly by sheep
manure either supported with Rhizobacterien or Nitrobien and
lastly cattle manure whether enriched with Rhizobacterien or
Nitrobien.

On the other hand, the interaction between organic
manure application method and biofertilization showed that the
application of organic manure in trenches and fertilizing with
Rhizobacterien proved to be the most efficient interaction in
enhancing fruit total soluble solids content. On the contrary,
superficial application of organic manure and fertilizing with

M
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Table (54): Effect of interaction between organic manure source and biofertiliz

Balady mandarin trees(2000 and 200] scasons).

ation on fruit chemical properties of

Fruit characteristics

Organic = - : =
manure Biofertilizer T.S.S. Total acidity T.S.S. : acid Ascorbic acid
- (%) (%) Ratio mg/100 juice
(2000) (2001)  (2000)  (2001) _ (2000) _ (2001) (2000)  (2001)
Cattle itrobien 12.50 b 12.30b 1.015a 1.015a 12.32b 12.12b 47 ¢ 45 ¢
—
manare hizobacterien 12.50 b 12.40b 10102 1013a 12.38 b 12.23b 47 ¢ 45 ¢
Poultry rNitrobien 12.93a 12.80 a 1.012a 1.015a 12.78 a 12.61a 52 ab 50 ab
manure 7|
hizobacterien 12.93a 12.90a 1.010 a 1.010a 12.81 2 12.77 a 54 a 52a
~Nitrobien 12.60 b 12.40 b 1.013 a 1.012 a 12.43 b 12.24b 48 be 47 ¢
Sheep Iwﬁ
manure hizobacterien 12.60 b 12.40 b 10122 1010 1245 b 12.27 b 50 be 48 be

Means within each column, followed by the same [etter(

s) are not significantly different at 5% level,
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Nitrobien took the other way around. Other studied interactions
took an intermediate position between the previously two
mentioned categories during the second season, (Table, 55).

On the other hand, the interaction between organic
manure source, method of organic manure application and
biofertilization exerted that the application of poultry
manure in trenches or superficially and provided with
Rhizobacterien and/or Nitrobien gave the highest values of
fruit total soluble solids content. On the contrary, cattle
manure whether applied in trenches or superficially and
supported with Rhizobacterien or Nitrobien produced the
lowest values of fruit total soluble solids content. Other
studied combinations of sheep manure showed inbetween

values in this respect.

4.4.2.2. Total acidity

Table (52-56) demonstrated that the three studied factors
i.e. organic manure source (cattle, poultry and sheep), method of
organic manure  application (surface and trench) and
biofertilization alone or in different combinations failed to show
any distinctive effect on fruit total acidity content of Balady
mandarin trees during 2000 and 2001 seasons .

4.4.2.3 TSS:acid ratio
It is obvious from Table (52) that fruits produced by
poultry manured trees had higher TSS:acid ratio (12.79 & 12.69)

__—T___—___—ﬁ____-—g-_———ﬁ—————_—-_
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Table (55): Effect of interaction between method of application and bj
Balady' mandarin trees(2000 and 2001 scasons),

——_ Fruit characteristics
Total acidity T.S.S. : acid Ascorbic acid
% ratio mg/100 juice

Application . - - Tss.
Method Biofertilizer

(2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
Nitrobien 12.64 a 12.40b 1.017 a 1.012 a 12.44 3 12.25b 49 a 47 a
Surface Ivﬁ
Rhizobacterien 12,64 a 12.47 ab 1.011a 1.011a 12.51 3 12.33ab 493 47 a
_|v Nitrobien 12.71a 12.60 ab 1.010 a 1.016 a 12.58 3 1240ab 49 3 47 a
Trench lwr
Rhizobacterien 12.71a 12.67 a 1.010 & 1.011 a 12.50 12,532 Sla 49 a

Means within each column, followed by the same letter(s) are not significantly different at 5% level.




followed descendingly by the corresponding ones resulted from
sheep manured trees (12.44 & 12.26) and lastly those produced
by cattle manured trees (12.35 & 12.18) in 2000 and 2001
seasons, respectively. The differences between the three studied
organic manure sources were more obvious to be significant.

Moreover, the application of organic manure in trenches
succeeded in improving fruit TSS:acid ratio rather than the
application of organic manure superficially.

Furthermore. Table (52) demonstrates that in both
scasons biofertilizers failed to show any distinctive effect on
fruit TSS:acid ratio of Balady mandarin trees.

On the other side, Table (53) shows that the effect of
organic manure source predominated the effect of method of
application regarding fruit TSS:acid ratio, hence poultry
manure whether applied in trenches or superficially induced
the highest positive effect in this concern, followed
descendingly by sheep manure applied either superficial or
in trenches and lastly cattle manure applied in trenches or
superficially.

Furthermore, Table (54) reveals that in both seasons, the
effect of organic manure source predominated the effect of
biofertilizers hence poultry manure whether provided with
Rhizobacterien or Nitrobien produced nearly a similar and higher
positive effect on fruit TSS:acid ratio, followed descendingly by
sheep manure whether supported with Rhizobacterien or
Nitrobien and lastly, cattle manure enriched with Rhizobacterien
or Nitrobien.

L
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In addition, the interaction between the method of organic
manure application and biofertilization indicates that fruit
TSS:acid ratio responded mainly to biofertilizer type rather than
the method of organic manure application, hence fertilizing
Balady mandarin trees with Rhizobacterien and whether the
organic manure was added superficially or in trenches gave the
highest values of fruit TSS:acid ratio rather than inoculating the
soil with Nitrobien, regardless whether the organic manure was
added superficially or in trenches in the second season (2001),
(Table, 55).

As for the interaction between organic manure source,
method of organic manure application and biofertilization, Table
(56) demonstrates that poultry manure combinations in general
and those applied in trenches or superficially and inoculated with
Rhizobacterien in particular recorded the highest values of fruit
TSS/acid ratio. Other tested combinations of cattle and sheep
manure gave nearly more or less similar effect in this respect.

4.4.2.4. Ascorbic acid

[t is quite evident from Table (52) that in both seasons,
poultry manured trees produced fruits richer in their ascorbic
acid content (53 & 51 mg/100 ml Juice) as compared with those
resulted from sheep (49 & 47 mg/100 ml juice) and cattle
manured trees (47 & 45 mg/100 ml Juice) in 2000 and 2001
seasons, respectively. The differences between cattle and sheep
manure in this respect were lacking from the statistical
standpoint.

S —————
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On the other hand, the method of organic manure
application and biofertilization failed to induce a reasonable
effect on fruit ascorbic acid content of Balady mandarin trees.

Additionally, the interaction between organic manure
source and method of organic manure application reveals that
poultry manure applied in trenches gave the highest ascorbic
acid values as compared with those applied superficially,
followed descendingly by sheep manure applied -either
superficially or in trenches and finally, cattle manure applied
trenchly or superficially.

On the other side, Table (54) shows that the values of
fruit ascorbic acid content resulted from interaction between
organic manure source and biofertilization were attributed
mainly the predominating effect of organic manure source rather
than biofertilization. Thereupon, poultry manure supported with
Rhizobacterien or Nitrobien scored the highest values of fruit
ascorbic  acid  content, followed descendingly by the
combinations of sheep manure and lastly by those of cattle
manure.

In addition, it is clear from Table (55) that the interaction
between method of organic manure application (surface and
trench) and biofertilizers (Rhizobacterien and Nitrobien) failed
to give an additive effect on fruit ascorbic acid content of Balady
mandarin trees in 2000 and 2001 seasons.

In summary, the interactions between organic manure
source, method of organic manure  application and
biofertilization show that poultry manure applied in trenches
with  Rhizobacterien gave the highest values followed
descendingly by poultry manure applied in trenches provided

e ——
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with Nitrobien and poultry manure applied superficially x
(Rhizobacterien and Nitrobien) induced similarly higher positive
effect on fruit ascorbic acid content of Balady mandarin trees in
both seasons of study. Other studied combinations of sheep and
cattle manure showed more or less similar effect in this respect,
(Table, 56).

Part 1I: Experiment II: Effect of organic manure
source, organic manure irradiation and
method of organic manure application on
growth and leaf mineral content of Sour
orange and Volkamer lemon seedlings.

4.2.1. Sour orange seedlings

4.2.1.1 Plant growth parameters

Table (57-66) shows that growth parameters, i.e. seedling
height, stem diameter, leaf chlorophyll (a & b), No. of leaves
/seedling, leaf surface area, root length, No. of root /seedling,
stem dry weight, leaves dry weight, root dry weight, total
seedling dry weight and top /root ratio.

4.2.1.1.1. Seedling height

It is clear from Table (57) that poultry manured seedlings
produced more height seedlings as compared with those arised
from cattle manured ones in both seasons. On the contrary, cattle
manured seedlings had the lowest values in this respect.

M
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Table (57): mwcn:- : L.n.ﬁ of organic manure source. irradiation and application method on some growth parameters Sour
orange seedlings (2000 and 2001 seasons)

Seedling height Stem diameter mm.«n:_oquJz_: mg/L) No. of leaves
Factor (cm) (em) (a) (b) /seedling

(20000 (2001)  (2000)  (2009) (2000)  (2001)  (2000) " {2001) (2000 (2001)

a. Effect of organic manure source

Cattle manure 52¢ 49 ¢ 066¢c 062c 643b 638b 277b 2722 60 ¢ 75 &
Poultry manure 87 a 75 a 089a 084z 6523 847a 287a 280a 94 a 110 a Y
Sheep manure 67 b 59b 0.79b 0.72b 647 ab 6.42ab 282ab 278a 76 b 88 b m

b. Effect of Irradiation

Non-irradiation 64 b 57 b 0.75b 070a & 35b B31b 287b 2643 73k 85b M
-

e

Irradiation 74 a 65 a 081a 0762 660a 654a 297a 29034 81 a 97 a <
]

S

c. Effect of application method -Z

=

Soil application 72 a 63 a 080a 0752 655a 649 8 290a 283a 79 a 93 a =
[~

Water extract 66 b 58 b 077 b 071b 640b 636b 275b 2 70b 74 b 89 b m
Means within each colummn. followed by the same letter(s) are not significantly different at 5% level. .H.n..
[

U

=



Moreover, irradiating organic manure surpassed non-
irradiated organic manure to exert a distinctive positive effect on
seedling height in both seasons.

Furthermore, soil application of organic manure
succeeded to induce a distinctive effect on seedling height as
compared water extract of organic manure in this respect.

In addition, Table (58) illustrates that the interaction
between organic manure source and irradiating organic manure,
reveals that irradiating poultry manure induced more positive
effect on seedling height in both seasons descendingly by non-
irradiation and / or irradiating cattle manure had the lowest
distinctive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application reveals that
poultry manure applied particularly as soil application or
secondly as water extract of organic manure exerted the highest
positive effect on seedling height of Sour orange seedlings in
both seasons, (Table, 59).

Furthermore, irradiating organic manure and application
as soil application exerted the highest stimulative effect on
seedling height, followed descendingly by those applied as water
extract of organic manure. On the contrary, non-irradiation of
organic manure, applied as soil application and / or as water
extract had the lowest positive effect on seedling height in both
seasons (Table, 60).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing seedling
height with the superiority of irradiating poultry manure on the

ﬁ
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Table (58): Effect of interaction between organic
seedlings (2000 and 2001 seasons).

manure sowce and wrradiation on

some growth parameters Sour orange

Organic Seedling height  Stem diameter Leaf chlorophyll (mg/L) No. of leaves
manure Irradiation (cm) (cm) (a) (b) /seedling
source (2000) (2001) (2000) (2001) (2200) (2001) (2000) (2001) (2000) (2001)
Non-irradiation 49f 46 e 0.63f 0.59d 6.35d 630¢c 262d 257 a 56 f 711
nmnn_mt\v_u
Irradiation 56 e 52d 08%e 066cd 652¢ 647 b 29b 287a 65e 79e
Non-irradiation 82 b 70b 036b 082ab 6354d 632¢c 272¢ 267 a 90 b 101 b
Poultry—
Irradiation 93 a 80 a 082a 087 a 6.67 a 6.61 a 3.02a 292 a 99 3 120 a
ﬁt Non-irradiation 46 d 54 d 0.77d 070bcd 835d 630c 267cd 297 a 73d 84 d
Sheep —
r Irradiation 72 ¢ 63 c 082c 075abc 660b & 55ab 297 ab 28042 79c 92¢

Means within each column, followed by the same letter

S) are not sianifican irerent at 5% level.
t sianificantly diff t 5% level
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Table (60): Effcct of interaction between Effect of interaction between irradiation and application method on some
growih parameters Sour orange seedlings (2000 and 2001 scasons).

o Application Seedling height Stem diameter - rmm*@_onomﬁu\._ﬁﬂmt| _ No. of _m.mSwm
Irradiation method (cm) (cm) (a) (b) /seedling c
(2000) (2001) (2000) _ (2001) (2000 (2001) (2000) (2001) (2000) (2001) n
Soil application 66 c 58¢ 077b 071bc 640c 6.35¢ 275¢ 270c¢ 75¢c 87 c
Zn:-r...m&wmgﬁ
Water extract 62 d 45d 074c 069¢ 631d 6.27 ¢ 260d 258d 70d 84 c
Soil application 77 a 67 a 0B83a 078a 670a 664 a 3052 296a 83 a 100 a
irradiation rlv\|v
= Water extract 71b 63b 080ab 074b 6.50 b 6.45b 290b 283b 79b 94 b

Means within each column, followed bv the same |etter(s) are not significantly different at 59, level,

Results and Discussion



expense of non-irradiated poultry manure applied as soil
application on the expense of water extract application of
organic manure. Besides, sheep manure combinations surpassed
cattle manure interactions in this respect and took the same
pattern of poultry manure combinations in both seasons, (Table,
61).

4.2.1.1.2. Stem diameter

It is clear from Table (57) that poultry manured seedlings
had the highest distinctive effect on stem diameter as compared
with those arised from cattle manured ones in both seasons. On
the contrary. cattle manured seedlings had the lowest values in
this respect.

Moreover, irradiating organic manure surpassed non-
irradiation organic manure to exert a distinctive effect on stem
diameter in both seasons.

Furthermore,  soil application of organic manure
succeeded to induce a distinctive effect on stem diameter as
compared water extract of organic manure in this respect.

In addition, Table (58) illustrates that the interaction
between organic manure source and irradiating organic manure ,
reveals that irradiating poultry manure induced a distinctive
effect on stem diameter in both seasons followed descendingly
by non-irradiation and / or irradiating cattle manure had the
lowest distinctive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application reveals that
poultry manure applied as soil application or water extract

H
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exerted the highest positive effect on stem diameter of Sour
orange seedlings,  followed descendingly by sheep manure
applied as soil application or water extract in both seasons,
(Table, 59).

Furthermore, irradiating organic manure and application
as soil application exerted the highest stimulative effects on stem
diameter, followed descendingly by those applied as water
extract. On the contrary, non-irradiating organic manure and
applied as soil application or water extract of organic manure
had the lowest positive effect on stem diameter in both seasons,
(Table, 60).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing stem
diameter with the superiority of irradiating poultry manure on
the expense of non-irradiating poultry manure applied as soil
application on the expense of water extract application of
organic manure. Besides, sheep manure combinations surpassed
cattle manure interactions in this respect and took the same

pattern of poultry manure combinations in both seasons, (Table,
ol).

4.2.1.1.3. leaf chlorophyll (a & b)

Table (57) shows that leaves of poultry manured
seedlings had the highest values of chlorophyll (a) followed
descendingly by those of sheep manured ones and finally cattle
manured seedlings in both seasons Besides, leaves of poultry
manured seedlings had the highest values of chlorophyll (b)
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followed descendingly by these of sheep manured ones and
finally cattle manured seedlings in first season, only.

Moreover, irradiating organic manure surpassed
nonirradiating organic manure in exerting a distinctive positive
effect on chlorophyll (a) in both seasons. Besides, irradiating
organic manure surpassed non-irradiating organic manure in
inducing a distinctive positive effect on chlorophyll (b) in first
season only.

Furthermore,  soil application of organic manure
succeeded to induce a distinctive stimulative effect on
chlorophyll (a & b) as compared with water extract application
of organic manure in this respect.

In  addition. Table (58) illustrates that the interaction
between organic manure source and irradiating organic manure
reveals that irradiating poultry manure increased leaf chlorophyll
(a) in both seasons followed descendingly by non-irradiation and
/ or irradiating cattle manure had the lowest distinctive effect in
this respect. Besides, irradiating poultry manure induced more
chlorophyll (b) in the first season followed descendingly by non-
irradiation whereas irradiating cattle manure had the lowest
positive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application reveals that
poultry manure applied particularly as soil application or
secondly as water extract of organic manure exerted the highest
positive effect on leaf chlorophyll (a & b) of Sour orange
seedlings application in both seasons, (Table, 59).

Furthermore, irradiating organic manure and application

as soil application exerted the highest stimulative effect on
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chlorophyll a& b ., followed descendingly by those applied in
water extract. On the contrary, non-irradiating organic manure.
applied as soil application and / or water extract had the lowest
positive effect on chlorophyll (a & b) in both seasons (Table,
60).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combination (cattle and sheep) in enhancing chlorophyll (a
& b) with the superiority of irradiating poultry manure on the
cxpense of non-irradiating poultry manure and applied as soil
application on the expense of water extract of application.
Besides, sheep manure combinations surpassed cattle manure
interactions in this respect and took the same pattern of poultry
manure combinations in both seasons, (Table, 61).

4.2.1.1.4. No. of leaves/seedling

It is clear from Table (57) that poultry manured seedlings
produced higher No. of leaves/seedling as compared with those
arised from cattle manured ones in both seasons. On the
contrary, cattle manured seedlings had the lowest values in this
respect.

Moreover, irradiating organic  manure  surpassed
nonirradiating organic manure to exerted a distinctive effect on
No. of leaves/seedling in both seasons.

Furthermore,  soil application of organic manure
succeeded in inducing a distinctive positive effect on No. of
leaves/seedling as compared water extract in this respect.
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In addition, Table (58) illustrates that the interaction
between organic manure source and irradiating organic manure.
tllustrates that irradiating poultry manure gave higher No. of
leaves/seedling in both seasons, whereas non-irradiating or
irradiating cattle manure had produced the lowest values in this
respect.

On the other hand, the interaction between organic
manure and method of organic manure application, declares that
poultry manure applied as soil application or water extract
exerted the highest positive effect on No. of leaves/seedling of
Sour orange seedlings followed descendingly by sheep manure
applied as soil application or water extract in both seasons,
(Table, 59).

Furthermore, applying irradiating organic manure, as soil
application exerted the highest stimulative effect on No. of
leaves/seedling, followed descendingly by those applied as water
extract. On the contrary, non-irradiating organic manure and
applicd as soil application or water extract had the lowest
positive effect on No. of leaves/seedling in both seasons (Table,
60).

Finally. the interaction between the three studied factors
indicates that the interaction of poultry manure surpassed the
other tested combinations in enhancing No. of leaves/seedling
with the superiority of irradiating poultry manure on the expense
of nonirradiating poultry manure and applied as soil application
on the expense of water extract of organic manure. Besides,
sheep manure combinations surpassed cattle manure interactions

%
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in this respect and took the same pattern of poultry manure
combinations in both seasons, (Table, 61).

4.2.1.1.5. Root length

It is clear from Table (62) that poultry manured seedlings
produced longer as compared with those produced by cattle
manured ones in both scasons.

Moreover. irradiating organic manure surpassed non-
irradiating treatment in produced pronounced effect on root
length in both seasons.

Furthermore.  soil application of organic manure
succeeded to induce a remarkable positive effect on root length
as compared water extract application method.

In addition. Table (63) illustrates that the interaction
between organic manure source and irradiating organic manure ,
declared that irradiating poultry manure produced longer roots n
both seasons whereas by non-irradiating or irradiating cattle
manure gave the lowest values in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, shows that
poultry manure applied as soil application or water extract
exerted the highest positive effect on root length of Sour orange
seedlings in both seasons, (Table, 64).

Furthermore, applying irradiated organic manure and as
soil application exerted the highest stimulative effect on root
length, followed descendingly by those applied as water extract.
On the contrary, non-irradiating organic manure applied as

/
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Table (62): Specific effect of organic manure source, irradiation and application method on leaf area, root
length and No. of roots/seedling of Sour orange seedlings (2000 and 2001 seasons).

Means within each column, followed by the same letter(s) are not significantly different at 5% level

Leaf area aoBJ No. of roots/seeding Root length (cm)
Factor (2000) (2001) (2000) (2001) (2000) (2001)
a. Effect of organic manure source

Cattle manure 16.22 a 16.42 a 190b 201a 156b 154¢
Poultry manure 16.37 a 16.52a 195a 2052 1642 16.1a m
Sheep manure 16.30 a 16.50 a 193 ab 2023 16 ab 157 b v

b. Effect of irradiation

Nonirradiation 1596 b 16.16 b 183a 193b 150b 148 b =
Irradiation 1663 a 1680 a 202a 212a 169 a 167 a m
c. Effect of application method .m.
Soil application 1647 a 16632 197 2072 164 a 162 a S
Water extract 16.13b 16.33b 188a 192b 155b 152b ...m.
S
=
m
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Table (64): Effect of interaction between organic manure source and application method on leaf area, root
length and No. of roots/seedling of Sour orange seedlings (2000 and 2001 seasons).

Root length (cm)

Organic manure Application - Leaf area (cm?) No. of roots/seeding
source method (2000) (2001) (2000) (2001) (2000) (2001)
Soil application 16.40 ab 16.60 a 1.95a 2.05 abc 16.0 be 15.8 bc
Cattle manure lvﬁ
Water extract 16.03 b 16.25 a 1.86 a 1.975¢ 15.1d 14.9d
Soil application 16.55 a 16.65 a 2.00a 21a 1692 16.6a
Poultry manure Ivﬁ
Water extract 16.20 ab 16.40 a 1.90a 2.0 be 15.9 bed 15.6 bc
~ Soil application 16.45 ab 16.65 a 1.97 a 2.07 ab 16.4 ab 16.2 ab
Sheep manure JJv
Water extract 16.15 ab 16.35a 1.87 a 196 ¢ 15.5 cd 15.2 cd

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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application or water extract had the least enhancing effect on
root length in both seasons (Table, 65).

Finally, the interaction between the three studied factors
indicates that the interaction of poultry manure surpassed the
other combinations in enhancing root length with the superiority
to irradiating poultry manure on the expense of non-irradiating
poultry manure and applied as soil application on the expense of
water extract of organic manure. Besides, sheep manure
combination surpassed cattle manure interactions in this respect
and took the same pattern of poultry manure combinations in
both seasons, (Table, 66).

4.2.1.1.6. No. of roots / seedling

It is clear from Table (62) that poultry manured seedlings
produced higher No. of roots / seedling as compared with those
produced by from cattle manured ones in the first season (2000).

Moreover, irradiating organic manure surpassed non-
irradiating treatment in producing to exerted a remarkable
positive effect on No. of roots / seedling in the second season
(2001).

Furthermore,  soil application of organic manure
succeeded in exerting a positive effect on No. of roots / seedling
as compared with water extract application method in this
respect in the second season (2001).

In addition, Table (63) illustrates that the interaction
between organic manure source and irradiating organic manure,
exerted that irradiating (poultry, sheep and cattle manure)
induced higher No. of roots / seedling in the second season
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(2001). On the contrary, non-irradiating poultry, sheep and
cattle manure induced the lowest values in this respect in the
second season (2001).

On the other hand, the interaction between organic
manure and method of organic manure application, declared that
application of poultry manure applied or water extract exerted
the highest positive effect on No. of roots / seedling of Sour
orange seedlings, in second season, (Table, 64).

Furthermore, irradiating organic manure and applied as
soil application exerted the highest stimulative effect on No. of
roots / seedling, followed descendingly by those applied as water
extract. - On the contrary, non-irradiating organic manure applied
as soil application or water extract had the lowest values in both
scasons (Table, 65).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations in enhancing No. of roots / seedling with the
superiority of irradiating poultry manure on the expense of non-
irradiating poultry manure and applied as soil application on the
expense of water extract application method. Besides, sheep
manure combinations surpassed cattle manure interactions in this
respect and took the same pattern  of poultry manure
combinations in the second season, (Table, 66).

4.2.1.1.7. Leaf area
[t 1s clear from Table (62) that organic manure source
failed to induce a distinctive effect on leaf area in both seasons.

Esulls and Discussion 182



"|9AS] 946 1P JuaJaIp ApuEdYIUDIS J0U 3B (S)J3132| BWES 2U1 AQ PamO||o) ‘ULLIN|CD UdBRa UIUIIM SUB3

qzal gs91 q+0C ge S6'1 qoe5'91 qLE'91 joenxs Jajem
<— uoneiped|
BTU/T BH/T =N T eQre BEQDLT 2 0691 uonedijdde j10§ <«
PETFT PS#1 2161 qI8T 20191 206°ST joenxa Jajepn
<¢01]RIPELII-UON
2E°61 2581 2£671 958’1 2ET1°91 2 €091 uonedijdde 105 -
(L00z) (000?) (Looz) (oooz) (Lo0z) (0002 poyaw
(wo) y3bua| jooy Buipaas/s1o04 Jo ‘ON (,wo) ease jea uonyeanddy uoneipeu|

‘(suoseas |00z pUE pNOZ) sbuijpaas sbuelo unog o Bulpases/siood jo "oN pue yibus)jool
‘eale Jes| uo alnuew 2lueblo jo poyisw uonedidde pue uonelpEUl USaMmlag uoloBISIUl Jo 10243 :(g9) 1qel

Results and Discussion

183



Table (66): Effect of interaction between organic manure source,
No. of roots/seedling of So

leaf area, root length and

irradiation and application method on
ur orange seedlings (2000 and 2001

seasons).
. . . - . 2 5
Organic __.ﬂmQ_mﬂ_OD Application Leaf area (cm?) No. of roots/seeding Root length (cm)
manure method s = - e
source (2000) (2001) (2000) (2001) (2000) (2001)
zo:-:ﬂma_m:oa.v_” Soil application 1610 d 16.30 be 1.85a 1.95 ef 15.1 efg 14.9 efg
Cattle lw,ﬁ Water extract 15.90d 1610 ¢ 1.83 a 1.95 ef 142g 140g
manure Irradiation JV_H Soil application 16.70 abc 16 90 ab 205a 215 abe 17.0 abe 16.7 abc
Water extract 16.20 cd 16 40 be 190 a 2.00 def 16.1 cde 15.9 cd
jo:-.lmn_m:o: . m Soil application 16.00 d 1620 ¢ 1853 1.95f 15.9 cde 15.7 de
-_—
Poultry _- Water extract 15.90d 1610¢c 1.80a 190f 14.9 efg 146 fg
manure | liadiatioh T Soil application 1710 a 1710 a 215a 2253 1793 176a
" Waterextract 1650 bed 16 70 abe 200a 210bcd 16 S abe 16 7 abe
Non-irradiation  + Soila lication 16.00d 1620 ¢ 185a 195 ef 15 5 def 15 3 def
5 o pp
Sheep = * Water extract 1590 d 1610 ¢ 180 a 180 ¢ 146 fg 14.3¢c
manure | Irradiation  _. [~ Soil application 16 90 ab 1710 a 210a 220 ab 174 ab 17.1 ab
~ Water extract 1640bcd  1660abc 1954 203cde  165bcd 16.2 bed

Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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Moreover, irradiating organic manure surpassed non-
irradiating treatment in induced a pronounced positive effect on
leaf area in both seasons.

Furthermore,  soil application  of organic manure
succeeded to induce a remarkable enhancing effect on leaf area
as compared water extract treatment in this respect.

in  addition. Table (63) illustrates that the interaction
between organic manure source and irradiating organic manure ,
demonstrated  that irradiating poultry manure produced more
expanded leaf in both seasons whereas non-irradiation or
irradiating cattle manure gave the lowest values in this respect.

On the other hand. the interaction between organic
manure source and method of organic manure application,
declared that poultry manure applied either as soil application or
water extract exerted the highest positive effect on leaf area of
Sour orange seedlings, in the first season, (Table, 64).

Furthermore, applying irradiated organic manure and as
soil application exerted the highest stimulative effect on leaf
arca. followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure and applied
as soil application or water extract induced the lowest positive
effect on leaf area in both seasons (Table, 65).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other studied combinations in enriching leaf area with the
superiority to irradiating poultry manure on the expense of non-
irradiation of poultry manure and applied as soil application on
the cxpense of water extract application method. Besides, sheep

/
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manure combinations surpassed cattle manure interactions in this

respect  and  took the same pattern of poultry manure
combinations in both seasons, (Table, 66).

4.2.1.1.8 Stem dry weight

It is clear from Table (67) that poultry manured seedlings
had the highest values of stem dry weight as compared with
those produced by from cattle manured ones in both seasons.
Besides, sheep manured seedlings had intermediate values in this
respect.

Moreover, irradiated organic manure surpassed non-
irradiating  organic manure in increasing stem dry weight in both
seasons.

Furthermore, soijl application of organic manure increased
stem  dry weight as compared water extract of organic manure in
both seasons.

In  addition, Table (68) illustrates that the interaction
between organic manure source and irradiating organic manure ,
declared that irradiated poultry manure had the highest stem dry
weight values in both seasons. Non-irradiation and irradiation of
cattle manure had the lowest values in this respect.

On the other hand, the interaction between organic
manure  source and method of organic manure application,
showed that poultry manure applied as soil application or water
extract induced the highest positive effect on stem dry weight of
Sour orange seedlings in both seasons, (Table, 69).

Furthermore, applying irradiating organic manure as soil
application exerted the highest stimulative effect on stem dry
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Table (68): Effect of interaction between organic manure source and

parameters of Sour orange seedlings (2000 and 2001 seasons).

irradiation on plant dry weight

Organic
manure Irradiation wﬁ_,: dry Leaves dry xo.o” dry Total seedling Top ‘root
Source __Weight(g)  weight (g) oWeight (g) _ dryweight (g)  Ratio
(2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001, (2000) (2001)
ﬁv Non-irradiation 327 f 350f 295f 310e 342 f 352f 965e 1034 e 1.81d 192e
Cattle _.
_,.v:._.mnhmzo: 3.87e 405e 345e 3.79d 374 e 387e 11.07d 11.72d 195¢ 201 c
~ Non-irradiation 431 ¢ 451 ¢ 478 b 458b 445b 456 b 13.36b 1348p 204 b 1.88 d
Poultry |L
. Irradiation 474 a 496 a 515a 488 a 4853 484 a 14752 1479z 203b 1.98 d
= Non-irradiation 410d 4.36d 415d 417 ¢ 405d 415d 1225¢ 1269¢c 203 b 205b
Sheep |VF
Irradiation 442 b 464b 470¢ 4550b 434 ¢ 441 ¢ 1347b 1361t 2103 208a
— T =e

Means within each column, followed by

the same letter(s) are not significantly differ

ent at 5% level,
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weight, followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure and applied
as soil application and water extract had the lowest positive
effect on stem dry weight in both seasons (Table, 70).

Finally. the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations in enhancing stem dry weight with the
superiority to irradiating poultry manure on the expense of non-
irradiation treatment applied as soil application on the expense of
water extract of organic manure. Besides, sheep manure
combinations surpassed cattle manure interactions in this respect
and took the same pattern of  poultry manure combinations in
both seasons, (Table, 71).

4.2.1.1.9 Leaves dry weight

[t is clear from Table (67) that poultry manured seedlings
had the highest leaves dry weight as compared with those arised
from cattle manured ones in both seasons. Besides, sheep
manured seedlings came in between in this respect.

Moreover, irradiated organic manure surpassed non-
irradiated ones in increasing leaves dry weight in both seasons.

Furthermore,  soil application of organic manure
succeeded to induce a positive effect on leaves dry weight as
compared water extract of organic manure.

In addition, Table (68) illustrates that the interaction
between organic manure source and irradiation of organic

Results and Discussion 190
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Table (71): Effect of interaction between organic manure source, irradiation and application method on plant dry

weight parameters of Sour orange seedlings (2000 and 2001 seasons).

Organic Application
manure Irradiation method Stem dry Leaves dry Root dry Total seedling Top:root
SoureEs Weight (g) weight (g) Weight (g) dry weight (g) Ratio
(2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
zo_._-‘.:mn__.m:obﬁ Soil application 3.401 3601 3.00j 346 352k 362k 9.921 10.68 j 181g 194 de
Cattle o Water extract 3.15j 3.40j 29k 316k 3.331 3431 9.39j 9.99 k 181g 191e
manure Itadiaticn Ivﬁ Soil application 3.57g 415g 350h 387h 3.801 3.981 1.27g 12.00 h 196 e 2.01 be
Water extract 377h 395h 3411 3711 3569j 377) 10.88 h 11.431 1.94f 2.00 bed
. ;o Soil application 438d 458d 496 ¢ 467c 451¢ 466¢c 13.87¢ 1355d 2.04 be 1.97 bed
zoz-mﬁma_m:mwﬁ
_uoc_:élu' Water extract 425ef  445e 460d 450d 434e 446e 12.86d 13.41de  204bec 2.01 bed
manure . Soil application 487a 510a 520a 500a 494a 500a 15.01a 15.09a 203¢c 2.00 bed
Irradiation 1Vﬁ
Water extract 462b 483b 510b 472b 477b 489b 14.49b 1449b 203¢c 1.96 cde
. . ™ Soil application 420f 4.50 de 430f 425f 410g 420g 1260e 12.95f 205b 208a
- zo:-_:ma_m:oﬂ_f
Sheep 5 Water extract 400g 423 f 400g 410¢g 4.00h 410h 11.90f 12439 200d 203ab
manure | w2 = Soil application 450¢ 472¢c 5.00¢ 474b 444d 454d 1394c¢ 14.00¢ 2013a 208a
Irradiation —»|
~ Water extract 434de 458d 440e 436e 4.25¢ 4.29f 12.99d 13.22 ef 205b 207a

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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manure, demonstrated that irradiating poultry manure gave the
highest leaves dry weight in both seasons, whereas non-
irradiation and irradiating cattle manure induced the least
enhancing effect in this respect.

On the other hand, the interaction between organic
manure source and method of organic manure application,
showed that poultry manure applied particularly as soil
application or water extract exerted the highest positive effect on
leaves dry weight of Sour orange seedlings in both seasons,
(Table, 69).

Furthermore, applying irradiated organic manure as soil
application exerted the highest stimulative effect on leaves dry
weight, followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure applied as
soil application and / or water extract had the lowest positive
effect on leaves dry weight in both seasons (Table, 70).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other studied combinations in increasing leaves dry weight with
the superiority of irradiating poultry manure on the expense of
non-irradiation treatment and soil application on the expense of
water extract of organic manure. Besides, sheep manure
combinations surpassed cattle manure interactions in this respect
and took the same pattern of poultry manure combinations in
both seasons, (Table, 71).

-
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4.2.1.1.10 Root dry weight

It is clear from Table (67) that poultry manured seedlings
produced heavier root dry weight as compared with that given by
cattle manured ones in both scasons. Other side, sheep manured
seedlings had intermediate values in this respect.

Moreover, irradiated organic manures surpassed non-
irradiated ones in exerting a positive effect on root dry weight in
both seasons.

Furthermore, 5o application of organic manure
succeeded to induce a pronounced positive effect on root dry
weight as compared with water extract of organic manure.

In  addition, Table (68) illustrates that the interaction
between organic manure source and irradiation of organic
manure | declared that irradiating poultry manure induced
heavier root dry weight in both seasons. On the contrary, non-
irradiation and irradiating cattle manure had the lowest values in
this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, illustrated
that poultry manure applied as soil application or water extract
exerted the highest positive effect on root dry weight of Sour
orange seedlings in both seasons, (Table, 69),

Furthermore, irradiated organic manure applied as soil
application exerted the highest stimulative effect on root dry
weight, followed descendingly by those applied as water extract.
On the contrary, non-irradiating of organic manure applied as
soil application or water extract had the lowest values of root dry
weight in both seasons (Table, 70).
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Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other tested combination 1n improving root dry weight with the
superiority to irradiating poultry manure on the expense of non-
irradiation treatment and soil application on the expense of water
extract application method. Besides, sheep manure combinations
surpassed cattle manure interactions in this respect and took the
same pattern of poultry manure combinations in both seasons,
(Table, 71).

4.2.1.1.11. Total seedling dry weight

It is clear from Table (67) that poultry manured seedlings
produced higher total seedling dry weight as compared with
those produced by from cattle manured ones in both seasons.

Moreover, irradiating organic manures surpassed non-
irradiating ones in increasing total seedling dry weight in both
seasons.

Furthermore,  soil application of organic manure
succeeded to increase on total seedling dry weight as compared
with water extract application method.

In addition, Table (68) illustrates that the interaction
between organic manure source and irradiating organic manure ,
reveals that irradiating poultry manure induced higher total
seedling dry weight in both seasons. On contrast non-irradiation
and irradiating cattle manure gave the lowest values in this
respect.

On the other hand, the interaction between organic

manure source and method of organic manure application, shows

/
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that poultry manure applied particularly as soil application or
water extract exerted the highest positive effect on total seedling
dry weight of Sour orange seedlings, in both scasons, (Table,
09).

Furthermore, applying irradiating organic manure as soj
application exerted the highest  stimulative effect on total
seedling dry weight, followed descendingly by those applied as
water extract. On the contrary, non-irradiation of organic manure
applied as soil application and water extract had the lowest
positive effect on total seedling dry weight in both seasons
(Table, 70).

the expense of water extract of organic manure. Besides, sheep
Manure combinations surpassed cattle manure interactions in this
fespect and  took the same pattern  of poultry manure
combinations in both seasons, (Table, 71).

4.2.1.1.12. Top: root ratio
It is clear from Table (67) that sheep manured seedlings
produced higher top : root ratio as compared with those given by
cattle manured ones jp both seasons. On the hand, sheep
manured seedlings gave intermediate values in this respect,
Moreover, irradiating organic manure surpassed non-
irradiating in enhancing top : root ratio in both seasons.
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Furthermore, soil application of —organic manure
succeeded to significantly increase top: root ratio as compared
water extract application method.

In addition. Table (68) illustrates that the interaction
between organic manure source and irradiating organic manure,
declared that irradiating sheep manure induced higher top : root
ratio in both seasons whereas non-irradiation or irradiating cattle
manure gave the lowest values in this respect.

On the other hand, the interaction between organic
manure source and method of organic manure application, shows
that sheep manure applied as soil application or water extract
exerted the highest positive effect on top: root ratio of Sour
orange seedlings in both seasons, (Table, 69).

Furthermore, applying irradiating organic manure as soil
application exerted the highest stimulative effect on top : root
ratio. followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure, applied as
soil application or water extract had the lowest positive effect on
top : root ratio in both seasons (Table, 70).

Finally, the interaction between the three studied factors
indicates that the interactions of sheep manure surpassed the
other tested combination in enhancing top : root ratio with the
superiority of irradiating sheep manure on the expense of non-
irradiating sheep manure and soil application on the expense of
water extract application method. Besides, poultry manure
combination surpassed cattle manure interactions in this respect
and took the same pattern of sheep manure combinations in both
seasons, (Table, 71).
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4.2.1.2. Leaf mineral content

Leaf mineral content (N, P, K, Ca, Mg, Fe, Zn and Mn )
of Sour orange seedlings during 2000 and 2001 seasons in
Itsponse  to organic manure source (cattle, poultry and sheep),
irradiation  and/or non-irradiation of dry organic manner and
method of organic manure application (soil application and water

cxtract) as well as their interactions is reported in Tables (72 -
81).

4.2.1.2.1. Nitrogen

[t 1s clear from Table (72) that leaves of poultry manured
seedlings had higher values of nitrogen content (2.60 & 2.62%)
as compared with those manured with cattle (2.43 & 2.48%) in
the first and second seasons, respectively. Besides, leaves of
sheep manured seedlings scored inbetween values of nitrogen
content (2.53 & 2.52%) in 2000 and 2001 seasons, respectively.
Anyhow, the differences between the three studied organic
manure sources in this regard were obvious to be significant.

Furthermore, irradiation of dry organic manures enhanced
leal nitrogen content rather than non-irradiation of dry organic
manuers.

In addition, the application of organic manure as soil
application induced higher positive effect on leaf nitrogen
content  rather than water extract application method,
(Table,72).

Furthermore, the interaction between organic manure
source and irradiation of dry organic manure demonstrates that
leaf nitrogen content showed more response to organic manure
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source rather than to irradiation of dry organic manures, hence,
irradiated  poultry manure, non-irradiated poultry manure and
irradiated  sheep manure scored the highest values of leaf
nitrogen content in descending order.

Moreover, the interaction between organic manure source
and method of organic manure application demonstrates that leaf
nitrogen content showed more response to organic manure
source rather than to method of organic manure application,
hence poultry manure applied as soil application or as water
extract induced the highest positive effect on leaf nitrogen
content. followed descendingly by the combinations of sheep
manure and lastly by the interactions of cattle manure (Table,
74).

Moreover, Table (75) reveals that the interactions
between irradiation of organic manure and method of organic
manure - application shows that interactions of irradiation of
organic manure and soil application method enhanced leaf
nitrogen content followed descendingly by irradiated organic
manure applied as water extract.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application reveals that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf nitrogen
content. On the contrary, the combinations of cattle manure
exerted the least positive effect on leaf nitrogen content. Besides,

E————'—'_—ﬁf_—_-_-—_ﬁ_—___
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Table (74): Effect of interaction between organic manure source and application method on leaf N, P, K,
Ca and Mg content of Sour orange seedlings (2000 and 2001 seasons),

H 0,
Organic Application Elements concentration in dried leaves eaves (%) -
manure method ___Nitrogen _u30m_u’oEm noﬁmm.m_:q:l Calcium __Magnesium
source (2000)  (2001)  (2000)  (2001)  (2000)  (2001) (2000)  (2001)  (2000)  (2001)
r~ Soil application 245c  252bc 0.130bc 0.130be 0.780d 0.765d 35¢c 3.3d 037e 0.38d
Cattle =
~ Water Extract 241¢c 244c  0120c 0120c 0750d 0.745d 3.2d 3.2d 032f 033e
— Soil application 2643 263a 0150a 0150a 1010a 1.015a 45a 45a 0.56 a 0.56 a
vo:_n..<|«ﬁ
Water Extract  256b 260ab 0140b 0140ab 0945b 0945b 41b 41b  052b 052b
— Soil application 255b 252bc 0135b 0 135b 0880c 0910b 41b 40b 045¢c 045¢
Sheep |
L. Water Extract 252b 252bc 0130bc 0130bc 0.840c 0870¢c 37¢ 37¢ 043d O44c

Means within each column, followed by the same letter!

s) are not sianificantly different at 5% level.
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the combinations of sheep manure occupied inbetween positions
in this respect (Table, 76).

4.2.1.2.2. Phosphorus

It s clear from Table (72) that leaves of poultry manured
scedlings had higher values of phosphorus content (0.145 &
0.145%) as compared with those manured with cattle (0.125 &
0.125%) in the first and second seasons, respectively. Besides,
leaves of sheep manured seedlings scored inbetween values of
phosphorus content (0.132 & 0.132%) in 2000 and 2001 seasons,
respectively. The differences between the three studied organic
manure sources in this regard were remarkable to be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf phosphorus content rather than non-irradiation treatment.

In addition, the application of organic manure as soil
application enhanced leaf phosphorus content rather than water
extract application method, (Table,72).

FFurthermore, Table (73) indicates that the interaction
between organic manure and irradiation of dry organic manner
source demonstrate that leaf phosphorus content showed more
response to organic manure source rather than to irradiation of
dry organic manures, hence, irradiated poultry manure followed
by non-irradiated dry poultry manure and irradiated sheep
manure scored the highest values of leaf phosphorus content.

Moreover, the interaction between organic manure source
and method of organic manure application declared that leaf
phosphorus content showed more response to organic manure
source rather than to method of organic manure application,

m
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whereas poultry manure applied firstly as soil application
followed by the analogous ones applied as water extract induced
the highest positive effect on leaf phosphorus content, followed
descendingly by the combinations of sheep manure and lastly by
the interactions of cattle manure (Table, 74).

Moreover, Table (75) reveals that the interaction between
irradiation of organic manure and method of organic manure
application shows that interactions of irradiation of organic
manure and soil application method improved leaf phosphorus
content, followed descendingly by irradiation of organic manure
interaction with water extract application method.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application reveals that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf
phosphorus content. On the contrary, the combinations of cattle
manure exerted the least positive effects on leaf nitrogen content.
Besides, the combinations of sheep manure occupied inbetween
positions in this respect (Table, 76).

4.2.1.2.3. Potassium

It is clear from Table (72) that fertilizing Sour orange
seedlings poultry manure enriched leaf potassium content (0.978
& 0.980%) as compared with those manured with sheep (0.850
& 0.890%) and cattle manured seedlings (0.765 & 0.755%) in
2000 and 2001 seasons, respectively. Anyhow, the differences

%
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between the three organic manure SOUrces in this respect were
obvious to be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf potassium content rather than non-irradiation treatment.

In addition, the soil application of organic manure
enhanced leaf potassium content rather than water extract
application method, (Table,72).

Moreover. Table (73) indicates that the interaction
between organic manure and irradiation of dry organic manure
demonstrated that leaf potassium content showed more response
to organic manure source rather than to irradiation of dry organic
manuers, where irradiated poultry manure and the secondly
irradiated  sheep manure recorded the highest values of leaf
potassium content.

Furthermore, the interaction between organic manure
source and method of organic manure application demonstrates
that leaf potassium content showed more response to organic
manure source rather than to method of organic manure
application, hence poultry manure applied as soil application
followed by water extract induced the highest positive effect on
leaf potassium content, followed descendingly by the
combinations of sheep manure and lastly by the interactions of
cattle manure (Table, 74).

Moreover. Table (75) reveals that the interaction between
irradiation of organic manure and method of organic manure
application shows that interactions of irradiation of organic
manure and soil application method enhanced leaf potassium
content followed descendingly by irradiation of organic manure
and water extract application.
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Finally, the interaction between organic manure source.
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf potassium
content. followed descendingly by sheep manure irradiated and
applied as soil application. On the contrary, the combinations of
cattle manure exerted the least positive effects on leaf potassium
content. Besides, the combinations of sheep manure occupied
inbetween positions in this respect (Table, 76).

4.2.1.2.4. Calcium

[t is clear that fertilizing Sour orange seedlings poultry
manure enriched leaf calcium content (4.3 & 4.3%) as compared
with those manured with sheep (3.9 & 3.8%) and cattle manure
(3.3 & 3.2%) in 2000 and 2001 Scasons, respectively. Anyhow,
the differences between the three organic manure sources in this
respect were pronounced to be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf calcium content rather than non-irradiation treatment.

Inaddition, the soil application of organic manure source
cnhanced  leaf calcium content rather than water extract
application method, (Table,72).

Moreover, Table (73) indicates that the interaction
between organic manure source and irradiation of dry organic
manner  demonstrated that leaf calcium content showed more
fesponse to organic manure source rather than to irradiation of
dry organic manuers, where, irradiated poultry manure poultry
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manure and the irradiated sheep manure gave the highest values
in this respect.

Furthermore. the interaction between organic manure
source and method of organic manure application declared that
leaf calcium content showed more response to organic manure
source rather than to method of organic manure application,
hence soil application of poultry manure applied in soil
application water extract induced the highest positive effect on
leaf calcium content, followed descendingly by the combinations
of sheep manure and lastly by the interactions of cattle manure
(Table, 74).

Moreover, Table (75) reveals that the interaction between
irradiation of organic manure source and method of organic
manure application shows that interactions of irradiation of
organic manure source and method of organic manure
application as soil application enhanced leaf calcium content
followed descendingly by irradiation of organic manure and
water extract application method.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf calcium
content. followed descendingly by sheep manure irradiated and
applied as soil application. On the contrary, the combinations of
cattle manure exerted the least positive effect on leaf calcium
content. Besides, the combinations of sheep manure occupied
inbetween positions in this respect (Table,76).
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4.2.1.2.5. Magnesium

It 1s clear from Table (72) that leaves of poultry manured
Sour orange seedlings had higher values of magnesium content
(0.54 & 0.54%) as compared with those manured with cattle
(0.35 & 0.36%) in the first and second seasons, respectively.
Besides, leaves of sheep manured seedlings scored inbetween
values of magnesium content (0.44 & 0.45%) in 2000 and 2001
scasons, respectively. Anyhow, the differences between the three
studied organic manure sources in this regard were remarkable to
be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf magnesium content rather than non-irradiation of dry
organic manures.

In addition, the application method of organic manure
failed to induce any positive effect on leaf magnesmm content
in both seasons (Table,72).

Furthermore, the interaction between organic manure
source and irradiation of dry organic manure demonstrates that
leal magnesium content showed more response to organic
manure source rather than to irradiation of dry organic manuers,
hence, irradiated poultry manure, non-irradiated poultry manure
and irradiated sheep manure showed the highest values in this
respect.

Moreover, the interaction between organic manure source
and method of organic manure application demonstrates that leaf
magnesium content showed more response to organic manure
source rather than to method of organic manure application,
hence poultry manure applied firstly as soil application or water

Results and Discussion 210



extract induced the highest positive effect on leaf magnesium
content, followed descendingly by the combinations of sheep
manure and lastly by the interactions of cattle manure (Table,
74).

Moreover, Table (75) reveals that the interaction between
iradiation of organic manure and method of organic manure
application shows that interactions of irradiation of organic
manure and soil application method enhanced leaf magnesium
content followed descendingly by irradiation of organic manure
source and method of organic manure application in soil
application of water extract.

Finally, the interaction between organic manure source,
irradiation of organic manure source and method of organic
manure application shows that the interactions of poultry
manure, particularly when poultry manure irradiated and applied
as soil application induced the highest positive effect on leaf
magnesium content. On the contrary, the combinations of cattle
manure exerted the least positive effect on leaf magnesium
content. Besides, the combinations of sheep manure occupied
inbetween positions in this respect (Table, 76).

4.2.1.2.6. Iron, Manganese and Zinc

It is obvious from Table (77) that leaves of poultry
manured seedlings had the highest values of leaf Fe, Mn and Zn
content. followed descendingly by those of sheep manured ones
and lastly those fertilized with cattle manure. However, the
differences between the three tested organic manure sources n

this concern were remarkable to be significant.
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Table (77): Specific effect of organic manure source, irradiation and application method on leaf Fe, Mn and
Zn content of Sour orange seedlings (2000 and 2001 seasons).

Elements concentration in dried leaves (ppm)

Factor Manganese Zinc
(20000 (001) (2000) ~ (2001) (2000) (2001)
a. Effect of organic manure sou rce
Cattle manure Tde 73c 48¢c 46 ¢ 44¢c 43¢
Poultry manure 94 a 93a 74a 742 72a 67a
Sheep manure 84b 82b 65b 62b 58b 56 b
b. Effect of irradiation
Non-irradiation 82b 81b 59b 57b 55b 52b
Irradiation 86 a 84a 66 a 65a 61a 59a
c. Effect of application method
Soil application 86 a 84a 65a 63a 61a 57 a
Water extract 82b 80b _ 60b 58b 55b 540

Means within each column, followed by the same letter(s) are not significantly different at 5% level
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Moreover, irradiation of organic manure enhanced leaf
Fe. Mn and Zn content rather than non-irradiation of organic
manure source.

Furthermore. the soil application of organic manure
enhancd leaf Fe, Mn and Zn content rather than water extract
application method.

Additionally, Table (78) reveals that the application of
irradiated poultry manure and non-irradiated exerted the highest
stimulative effect on leaf Fe, Mn and Zn content. On the
contrary, the application of cattle manure either irradiated or
non-irradiated induced the lowest values in this respect. The
interactions of sheep manure occupied an intermediate position
in this sphere.

Table (79) shows that the application of poultry manure
as soil application and water extract exerted the highest
stimulative effect on leaf Fe, Mn and Zn content. On the
contrary, the application of cattle manure either as soil
application or soil application water extract induced the lowest
values in this respect. The interactions of sheep manure occupied
an intermediate position in this sphere.

Table (80) shows that leaves of irradiated organic manure
seedlings general manured superficial or water extract were the
richest ones in their content of Fe, Mn and Zn as compared with
those of non-irradiated manured seedlings.

Lastly, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application, (Table,81) reveals that the poultry manured
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Table (78): Effect of interaction between organic manure source and irradiation on leaf Fe, Mn and Zn
content of Sour orange seedlings (2000 and 2001 seasons).

Elements concentration in dried leaves (ppm)

Organic manure —
9 soliiEe Irradiation Iron B Manganese Zinc -
(2000) (2001) (2000) (2001) (2000) (2001)
™  Non-irradiation 74e 73¢ 40 d 38f 45 e 43 f
Cattle manure —>
- Irradiation 7Se 73¢ 49 ¢ 40 e 52d S0e
—  Non-irradiation 2 b 91a 70 a 64 b 71b 69 b
Poultry manure —
L~ Irradiation 97 a 952 74 a 70 a 78 a 78 a
= Non-irradiation g2d 80 b 5 b 54 d 63 c 60 d
Sheep manure —
- Irradiation 87 ¢ 84 b 60 b S8 c 68 b 65 ¢

Means within each column, followed by the same letter(s) are not significantly different at 5% level.
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Table (80): Effect of interaction between irradiation and application method of organic manure on leaf Fe,

Mn and Zn content of Sour orange seedlings (2000 and 2001 season )

Elements concentration in dried leaves {(ppm)

s g Applicati :
Irradiation ﬂ”-m_m..cn_n: _ Iron _Manganese _Zinc
(2000) (2001) (2000) (2001) (2000) (2001)
) Soil anplication 85 b 83 b 6l b 58 ¢ 57 b 53¢
Zoz-mnﬂmammmoﬂrﬁ
Water extract 80 c c 57¢ 55 d 54 ¢ S51lc
™ Soil application 88 a 86 a 69 a 67 a 64 a 6la
Irradiation —
— Water extract 84 b 81 bc 63 b 62 b 57 b 57b
_— e e = A e

€ans within each column, followed by the same letter(s) are not significantly different at 5% leval.
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seedlings, irradiated and manured superficial or as water extract
followed descendingly by the corresponding ones non-irradiated
and manured as soil application and water extract showed the
highest values of leaf Fe, Mn and Zn content. Besides, the
combinations of sheep manure proved to be more efficient in
enhancing leaf Fe, Mn and Zn content than the analogous ones of
cattle manure,

Briefly, the results of leaf mineral content due to organic
manure source are 1in accordance with the findings of Sekiya et
al. (1993) on Satsuma mandarin, Kalu-Singh et al. (1984) on
mango. Noack (1984) on apple, Darfeld and Lenz (1985) on
pear, Umemiya and Sekiya (1985) on persimmon, Villasurda
and Baluyut (1990) on guava, Ben-Ya-Acov et al. (1992) on
avocado, Awad et al. (1993) on olive, Alvarez etal. (1993) on
pinapple, Smith (1994) on banana, Abu-Sayed Ahmed (1997)
on Balady mandarin and EI-Kobbia (1999) on Balady mandarin
and Moustafa (2002) on Washington navel orange. They
reported that organic manures particularly, poultry manure
enhanced leaf mineral content.

Besides. the obtained results of leaf mineral content
attributed to the effect of method of organic manure application
are in harmony with the findings of Thachuk (1983) on apple,
Bhangoo et al. (1988) on grape and Goede (1993) on mango.
Moreover, the results of biofertilization regarding leaf mineral
content are mn agreement with the findings of Pmares et al.
(1983) on oranges, Chokha et al. (1993) on orange, Haggag
and Azzazy (1996) on mango, Ahmed et al. (1997) on grape,
Awashi et al. (1998) on peach, Fernandez et al. (1998) on
banana, Mansour (1998) on Anna apple, Mahmoud and
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Mahmoud (1999) on peach Tiwary et al. (1999) on banana and
Moustafa (2002) on Washington navel orange. They mentioned

that Rhizobacterien enhanced most leaf mineral content.

4.2.2. Volkamer lemon seedlings
4.2.2.1. Plant growth parameters

Tables (82-96) shows that growth parameters, e
scedling height. stem diameter, leaf chlorophyll (a & b), No. of
leaves /seedling, leaf surface area, root length, No. of root
Jseedling, stem dry weight, leaves dry weight, root dry weight,
total seedling dry weight and top:root ratio of Volkamer lemon
seedlings in response to organic manure source irradiation and
non-irradiation and method of organic manure application during
2000 & 2001 scasons.

4.2.2.1.1. Seedling height

It is clear from Table (82) that poultry manured seedlings
produced taller stem as compared with those arised from cattle
manured ones in both seasons. On the other hand, sheep manured
scedlings had intermediate values in this respect.

Moreover. irradiating organic manure surpassed non-
irradiated ones in exerting a distinctive positive effect on
seedling height in both seasons.

Furthermore.  soil application of organic manure
succeeded in inducing a distinctive effect on seedling height as
compared water extract application of organic manure .

In addition, Table (83) illustrates that the interaction
between organic manure source and irradiating organic manure,

M
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Table (82): Specific effcct of organic manure source. irradiation and application method on some growth
parameters of leaves Volkamer lemon scedlings (2000 and 2001 scasons)

Seedling height  Stem diameter Leaf chlorophyll (mg/L) No. of leaves
Factor (cm) (cm) (a) (b) Iseedling
(2000) (2001) (2000) (2001) (2000) (2001) {2000) (2001) (2000) (2001)

a. Effect of organic manure source

Cattle manure 42 ¢ 41c 061¢c 072¢ 608b 613b 257b 252a 78¢c 67c

Poultry manure 75 a 73 a 08%9a 101a 6.17a 622a 267a 260a 115a 97a

Sheep manure 62 b 58 b 074b 088b 613ab 617ap 262ab 258a 92b 83 b

b. Effect of Irradiation

Non-irradiation 56 b 52b 074b 084b 601b 605b 247b 244b 87 b 78b

Irradiation 64 a 63 a 082a 08%a 625a 630a 277a 2708 103a 87 a
c. Effect of application method

Soil application €2 a 60 a 080a 088a 6192 €25a 270a 263a 8% a 85 a

Water extract 58 b 56 b 076b 085b 606b 610b 255b 251D 91b 79 b

Mearis within each column, followed by the same letter(s) are not significantly different at 5% level.
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reveals  that irradiating poultry manure induced more longer
seedlings in both secasons followed descendingly by non-
irradiating or irradiating cattle manure.

On the other hand, the interaction between organic
manure and method of organic manure application, reveals that
poultry manure applied particularly as soil application or
secondly as water extract exerted the highest positive effect on
seedling height of Volkamer lemon seedlings in both seasons,
(Table, 84).

Furthermore, irradiating organic manure and manuring as
soil application exerted the highest positive effect on seedling
height, followed descendingly by those applied as water extract,
On the contrary, non-irradiation of organic manure and applied
as soil application or water extract induced the lowest positive
effect on seedling height in both seasons (Table, 85).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing seedling
height with the superiority of irradiating poultry manure on the
expense of non-irradiating poultry manure and applied as soil
application on the expense of water extract of organic manure.
Besides, sheep manure combinations surpassed cattle manure
interactions in this respect and took the same pattern of poultry
manure combinations in both seasons, (Table, 86).

4.2.2.1.2. Stem diameter

[t is clear from Table (82) that poultry manured seedlings
had the highest stem diameter values as compared with those
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Table (85): Effect of mteraction between organic manure source and application mcthod on somec growth parameters
of leaves Volkamer lemon scedlings (2000 and 2001 scasons)

o Application Seedling height Stem diameter Leaf chlorophyll (mg/L) No. of _m.m<mm
Irradiation methed (cm) (cm) (a) (b) _Iseedling
(2000) (2001) (2000)  (2001)  (2000) {2001) (2000) (2001) (2000) (2001)
Soil application 56¢ 55¢c 0.76c 085bc 6.05¢c 6.10c 2:56.¢ 250¢c 83c 81b
Zo:-:..‘mnmoﬁoﬁ. :
— Water extract 54c 50 d 073d 083c 5897c 501d 240d 238d 85d 75¢c
— Soil application 665 a 65 a 084 a 0S2z2 6342 6.40 a 285a 2763 109 a 90 a
Irradiation—>|
Lo Water extract 61b 81b 080b 087b 6.16b 620b 270b 263b 97 b 84 b

Means within each column, followed by the same letter(s) are not sianificantly different at 5% level.
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arised from cattle manured ones in both seasons. On the other
hand, sheep manured seedlings had intermediate values in this
respect.

Moreover, irradiating organic manure surpassed non-
irradiating organic manure to exert a distinctive positive effect
on stem diameter in both seasons.

Furthermore,  soil application of organic manure
succeeded to induce a pronounced positive effect on stem
diameter as compared with water extract of organic manure.

In addition, Table (83) illustrates that the interaction
between organic manure source and irradiating organic manure,
shows that irradiating poultry manure produced the highest stem
diameter in both seasons whereas non-irradiating or irradiating
cattle manure induced the lowest positive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, indicates that
poultry manure applied particularly as soil application or
secondly as water extract exerted the highest positive effect on
stem diameter of Volkamer lemon seedlings in both seasons,
(Table, 84).

Furthermore, irradiating organic manure and applied as
soil application exerted the highest enhancing effect on stem
diameter, followed descendingly by those applied as water
extract. On the contrary, non-irradiating organic manure applied
as soil application or water extract induced the lowest positive
effect on stem diameter in both seasons (Table, 85).

%
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Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing stem
diameter with the superiority of irradiating poultry manure on
the expense of non-irradiating poultry manure and applied as soil
application on the expense of water extract application of
organic manure. Besides, sheep manure combinations surpassed
cattle manure interactions in this respect and took the same
pattern of poultry manure combinations in both seasons, (Table,
86).

4.2.2.1.3. leaf chlorophyll (a & b)

Table (82) shows that leaves of poultry manured
scedlings had the highest values of chlorophyll (a) followed
descendingly by those of sheep manured ones and finally of
cattle manured seedlings in both seasons. Besides, leaves of
poultry manured seedlings had the highest values of chlorophyll
(b) followed descendingly by these of sheep manured ones and
finally of cattle manured seedlings in the first season (2000).

Moreover, irradiating organic manure surpassed
non-irradiating organic manure in enhancing leaf chlorophyll
(a & b) in both seasons

Furthermore, soil application of organic manure
succeeded to induce a pronounced effect on chlorophyll (a & b)
as compared water extract application of organic manure.

In addition, Table (83) illustrates that the interaction
between organic manure source and irradiation of organic
manure, demonstrates that irradiating poultry manure

#

227 Results and Discussion




significantly enhanced chlorophyll (a & b) in both seasons
whereas non-irradiation or irradiating cattle manure showed the
lowest positive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, illustrates
that poultry manure applied as soil application or water extract
exerted the highest positive effect on chlorophyll (a & b) of
Volkamer lemon seedlings, in both seasons, (Table, 84).

Furthermore, irradiating organic manure and manuring as
soil application excrted the highest stimulative effect on
chlorophyll (a & b), followed descendingly by those applied as
water extract. On the contrary, non-irradiation of organic manure
and applied as soil application or as water extract had the lowest
positive effect on chlorophyll (a & b) in both seasons (Table,
85).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combination (cattle and sheep) in enhancing chlorophyll
a& b with the superiority of irradiating poultry manure on the
expense of non-irradiating poultry manure and applied as soil
application on the expense of water extract of organic manure
application. Besides, sheep manure combinations surpassed
cattle manure interactions in this respect and took the same
pattern of poultry manure combinations in both seasons, (Table,
86).

%
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4.2.2.1.4. No. of leaves/seedling

It is clear from Table (82) that poultry manured seedlings
produced higher No. of leaves/seedling as compared with those
arised from cattle manured ones in both seasons. On the
contrary, cattle manured seedlings had the lowest values in this
respect.

Moreover, irradiating organic manure surpassed
nonirradiating organic manure in exerting a distinctive effect on
No. of leaves/seedling in both seasons.

Furthermore, Soil application of organic manure
succeeded to induce a distinctive effect on No. of leaves/seedling
as compared with water extract of organic manure in this respect.

In addition, Table (83) illustrates that the interaction
between organic manure source and irradiating organic manure ,
reveals that irradiating poultry manure induced more No. of
leaves/seedling in both seasons followed descendingly by non-
irradiating and / or irradiating cattle manure had the lowest
distinctive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, reveals that
poultry manure applied in soil application and/or water extract
exerted the highest positive effect on no. of leaves/seedling of
Volkamer lemon seedlings followed descendingly by sheep
manure applied in soil application and / or water extract, in both
seasons, (Table, 84).

Furthermore, irradiating organic manure and applied in
soil application exerted the highest stimulative effect on no. of
leaves/seedling, followed descendingly by those applied in water

#
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extract. On the contrary, non-irradiating organic manure and
applied in soil application and / or water extract had the lowest
positive effect on no. of leaves/seedling in both seasons (Table,
85).

Finally, the interaction between the three studied factors
indicates that the interaction of poultry manure surpassed the
other combination (cattle and sheep) in enhancing no. of
leaves/seedling with the superiority of irradiating poultry manure
on the expense of non-irradiating poultry manure and applied in
soil application on the expense of water extract of organic
manure. Besides, sheep manure combination surpassed cattle
manure interactions in this respect and took the same pattern of
poultry manure combinations in both seasons, (Table, 86).

4.2.2.1.5. Root length

It is clear from Table (87) that poultry manured seedlings
produced longer roots length as compared with those arised from
cattle manured ones in both seasons. Besides, sheep manured
seedlings had intermediate values in this respect.

Moreover, irradiating organic manure surpassed non-
irradiating  organic manure in produced longer roots in both
seasons.

Furthermore,  soil application of organic - manure
succeeded to exert significantly positive effect on root length as
compared with water extract application of organic manure.

In  addition, Table (88) illustrates that the interaction
between organic manure source and irradiation of organic
manure, indicates that irradiating poultry manure enhanced root
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Table (88): Effect of interaction between organic manure source and irradiation on leaf area, root length and
No. of roots/seedling of Volkamer lemon seedlings (2000 and 2001 seasons).

Organic manure

Leaf area (cm’)

No. of roots/seeding

xoon. _m.:.mm: (cm)

Irradiation e el e i ARl b
source (2000) (2001) (2000) (2001) (2000) (2001)

Non-irradiation 15.7 ¢ 159b 250c 2.60d 168 ¢ 17.3d
Cattle manure —

Irradiation 16.1b 16.3a 2.62 abc 2.72 bc 19.0b 194b

Non-irradiation 156 ¢ 15.8b 2.55 bc 2.65cd 17:5¢ 17.8¢c
Poultry manure Iw.m

Irradiation 16.5a 16.6 a 277 a 2.87a 200a 2038

Non-irradiation 156 ¢ 15.8b 2.57 be 2.65 cd 17.3¢ 17.5 cd
Sheep manure Iwm

Irradiation 16.3 ab 16.5a 2.67 ab 2.77b 19.6 ab 18.8b

Means within each column, followed by the same letter(s) are not sianificantly different at 5% level,
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length in both seasons whereas non-irradiation and/  or
irradiating cattle manure had the lowest stimulstive effect in this
respect.

On the other hand, the interaction between organic
manure and method of organic manure application, shows that
poultry manure applied as soil application or water extract
induced the highest positive effect on root length of Volkamer
lemon seedlings, in both seasons, (Table, 89).

Furthermore, irradiating organic manure and application
as soil application exerted the highest stimulative effect on root
length, followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure and applied
as soil application or water extract had the lowest positive effect
on root length in both seasons (Table, 90).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing root length
with the superiority to irradiating poultry manure on the expense
of nonirradiating poultry manure and applied in soil application
on the expense of water extract of organic manure. Besides,
sheep manure combination surpassed cattle manure interactions
in this respect and took the same pattern of poultry manure
combinations in both seasons, (Table, 91).

4.2.2.1.6. No. of roots / seedling

It is clear from Table (87) that organic manure source
failed to induce a distinctive effect on No. of roots/seedling in
both seasons.

__.#
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Table (89): Effect of interac
root length and No. o

tion between organic manure source and app!
f roots/seedling of Volkamer lemon seedlings

ication method on leaf area,
(2000 and 2001

seasons).
Organic manure  Application Leafarea(m’) __ No.of rootsiseeding _Rootlength (em)
source method (2000) (2001) (2000) (2001) (2000) (2001)
Soil application 16.1 ab 16.3a 2.60 bc 2.70 bc 18.5 bc 18.9 ab
Cattle :._w::_‘md,fﬁ
Water ertract 15.7b 15.9a 2.52¢ 262¢ 17.4d 17.8b
Soil application 16.22 16.3 2 272a 2.82a 19.4 a 19.7 2
Poultry :._m::_.wlvﬁ
Water extract 15.9 ab 16.12 2.60 bc 2.70 be 18.1 cd 18.4 ab
+ Soil application 16.1 ab 1632 2.67 ab 2.75 ab 19.0 ab 19.3 ab
Sheep manure—>|
15.8 ab 16.0 2 2.57 be 2.67 be 17.8 cd 18.1b

~ Water extract

Means .E;jﬁ. mm\nj.uno‘_‘cﬂ::. fo

llowed by the same letter(s) are not

m,o%_nmjﬂz different at 5% level.
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Table (91): Effect of interaction between organic manure source, irradiation and application method
on leaf area, root length and No. of roots/seedling of Volkamer lemon seedlings (2000

and 2001 seasons).

Organic Irradiation Application
manure method

source

o:-imnmm:oalvﬁ Soll application
Cattle o Water extract
- licati

IuLvmo: application
~ Water extract

manure 4 adiation

r~Non-irradiation ﬁ Soil application
—
Poultry Water extract
~ Soil application

manure | irradiation e
Water extract
Non-irradiation . Soil application
~l
Sheep i Water extract
manure | diation - Soil application

~ Water extract

Means within each column, followed by the same latter(s) are not significantly different at 5% level,

Leaf area (cm?)

No. of roots/seeding

Root length (cm)

(2000)
158d
156 d
16.4 abc
15.9 cd
15.7d
156d
168 a
16.2 bed
157 d
156d
16 6 ab
16 1 bed

(2001)
16.0 be
158¢c
16.6 ab
16.1 be
15.8¢
158¢c
168 a
16 4 abc
15.9¢
158¢
168 a

16 3 abc

(2000) (2001) (2000) (2001) -
2.50d 260d 17.5 efgh 17.9 cdef

250d 260d 16.4 h 16.7 f

270 bc 280 bc 19.5 be 20.0 abe

2.55cd 285 cd 18.5 cde 18.9 abcdef O
2.55cd 265 cd 18.0 def 18.3 bedef n
2.55 cd 265¢cd 17.1 fgh 17.4 def

2902 3.00 a 208 a 21.2a

265 bed 2.75 bed 19.2 bc 19.5 abed

2.60 bed 2.66 cd 17.7 efg 18 1 cdef

255¢cd 265cd 16.8 gh 17 0 ef

27% ab 285ab 20 3 ab 205 ab

260 bcd 270 bed 189 cd 19.2 abede
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Moreover, irradiating ~organic  manure surpassed
nonirradiating organic manure in exerting a distinctive effect on
no. of roots / seedling in both seasons.

Furthermore.  soil application of organic manure
succeeded to induce a distinctive effect on No. of roots / seedling
as compared water extract. In addition, Table (88) illustrates that
the interaction between organic manure source and irradiation of
organic manure, demonstrates that irradiating poultry manure
induced higher No. of roots /seedling in both seasons. On the
contrary, non-irradiating or irradiating cattle manure induced the
lowest enhancing effects in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, indicates that
poultry manure applied as soil application or water extract
exerted the highest positive effect on No. of roots / seedling of
Volkamer lemon seedlings, in both seasons, (Table, 89).

Furthermore, irradiating organic manure and applied as
soil application exerted the highest stimulative effect on No. of
roots / seedling, followed descendingly by those applied as water
extract. On the contrary, non-irradiating organic manure, applied
as soil application or water extract had the lowest positive effects
on No. of roots / seedling in both seasons (Table, 90).

Finally, the interaction between the three studied factors
indicates that the interaction of poultry manure surpassed the
other combinations (cattle and sheep) in enhancing on No. of
roots / seedling with the superiority of irradiating poultry manure
on the expense of non-irradiating poultry manure, applied as soil
application on the expense of water extract application. Besides,

sheep manure combinations surpassed cattle manure interactions
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i this respect and took the same pattern of poultry manure
combinations in both seasons, (Table, 91).

4.2.2.1.7. Leaf area

It is clear from Table (87) that organic manure source
failed to induce any significant effect on leaf area in both
seasons.

Moreover, irradiating  organic manure surpassed non-
irradiating organic manure to exert a distinctive effect on leaf
area in both seasons.

Furthermore,  Soil application of organic manure
succeeded to induce a positive effect on leaf area as compared
with water extract.

In  addition, Table (88) illustrates that the interaction
between organic manure source and irradiating organic manure,
shows that irradiating poultry manure produced more expanded
leaves in both seasons. On the contrary, non-irradiating or
irradiating cattle manure shows the lowest enhancing effect in
this respect.

On the other hand. the interaction between organic
manure and method of organic manure application, demonstrates
that poultry manure applied as soil application or water extract
caused the highest positive effect on leaf area of Volkamer
lemon seedlings, in the first season, (Table, 89).

Furthermore, irradiating organic manure applied as soil
application exerted the highest stimulative effect on leaf area,
followed descendingly by those applied as water extract. On the
contrary, non-irradiation of organic manure applied as soil
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application or water extract gave the lowest positive effect on
leaf area in both seasons (Table, 90).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combination (cattle and sheep) in enhancing leaf area with
the superiority of irradiating poultry manure on the expense of
non-irradiation of poultry manure and applied as soil application
on the expense of water extract of organic manure. Besides,
sheep manure combinations surpassed cattle manure interactions
in this respect and took the same pattern of poultry manure
combinations in both seasons, (Table, 91).

4.2.2.1.8 Stem dry weight

It is clear from Table (92) that poultry manured seedlings
had the heaviest stem dry weight as compared with those arised
from cattle manured ones in both seasons. Besides, sheep
manured seedlings had the between values in this respect.

Moreover. irradiating organic manure surpassed non-
irradiating organic manure in enhancing on stem dry weight in
both seasons.

Furthermore, Soil application of organic manure
succeeded to induce an enhancing effect on stem dry weight as
compared with water extract.

In addition, Table (93) illustrates that the interaction
between organic manure source and irradiation of organic
manure . shows that irradiating poultry manure gave the heaviest
stem dry weight in both seasons. On the contrary, non-

—ee———
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Table (92): Specific effect of organic manure source,
dry weight parameters of Volkamer lemon

irradiation and application method on plant
seedlings (2000 and 2001 seasons).

Stem dry Leaves dry Root dry Total seedling Top :root
Factor Weight (g) weight (g) Weight (g) dry weight (g) Ratio
(2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
a. Effect of organic manure source
Cattle manure 3.35¢c 344c 2.856ic 3.56¢ 288¢ 288c S01c 9.90¢c 211a 245 a
Poultry manure 4.37 a 459 a 4.95 a 4853 473 a 487a 1406a 1432a 204a 1.93b
Sheep manure 413b 442b 441b 458 b 408b 428b 1267b 1327b 2103 209b
b. Effect of Irradiation
Non-irradiation 3.68b 385b 380b 414 b 374b 382b 1117b 1190b 2053 205b
Irradiation 4222 445 a 434 a 452 a 405a 411a 1265a 1309a 2122 226 a
c. Effect of application method
Soil application 411z 434 a 415a 452a 3.97 a 403a 1227a 1280a 209a 229 a
379b 245b 389b 414 b 3.82b 389a 11.56b 1210b 207a 203b

Water extract

Means within each column, followad by the same letter(

s) are not significantly different at 5% |evel,
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irradiation or i rradiating cattle manure had the lowest stimulative
effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, demonstrates
that poultry manure applied as soil application or water extract
induced the highest positive effect on stem dry weight of
Volkamer lemon seedlings in both seasons, (Table, 94).

Furthermore, irradiating organic manure applied as soil
application exerted the highest stimulative effects on stem dry
weight, followed descendingly by those applied as water extract.
On the contrary, non-irradiation of organic manure applied as
soil application or water extract had the lowest positive effect on
stem dry weight in both seasons (Table, 95).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combination (cattle and sheep) in enhancing stem dry
weight with the superiority to irradiating poultry manure on the
expense of non-irradiating poultry manure applied in soil
application on the expense of water extract of organic manure.
Besides, sheep manure combinations surpassed cattle manure
interactions in this respect and took the same pattern of poultry
manure combinations in both scasons, (Table, 96).

4.2.2.1.9 Leaf dry weight
It 1s clear from Table(92) that poultry manured seedlings
had the highest leaf dry weight as compared with those arised
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mon seedlings (2000 and 2001 seasons).

ganic manure on plant dry

h IfliJ’fl B Iflw\ﬁmﬂ:\aé Leaves m_@f " Roo dry .ﬂoﬁmﬂwn::w ﬂv\:nﬂn&\
Irradiation Application  yyejght (g peight(e)  Weight(g)  dryweight(g) _Ratio
method (2000)  (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
Soil application 388ab 411¢ 391b 439b 3.82¢c 400ab 1163c 1251 c 206a 215b
20_._-:4ma_m:.0mvﬁ
Water extract 348b 358d 368¢ 3.90¢c 3.65d 3.83b 1072d 11304 203 a 1.85¢
oil application 434 5 458a 4302 465a 411 a 4.06 a 1291a 1330a 2123 241 a
Irradiation lﬁw
~Water extract 409ab 432b 4303 438b 399b 415 a 1240b 1289b 212 a 212bc

/

Means within each column, followed by the same letter(s) are not sianificantly different at 5% level,
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from cattle manured ones in both seasons. On the other hand.
sheep manured seedlings had intermediate values in this respect.

Moreover, irradiating organic manure surpassed non-
irradiating organic manure to exert a distinctive effect on leaves
dry weight in both seasons.

Furthermore,  soil application of organic manure
succeeded  to induce a positive effect on leaf dry weight as
compared with water extract.

In addition, Table (93) illustrates that the interaction
between organic manure source and irradiating organic manure 5
reveals that irradiating poultry manure had the highest leaves dry
weight in both seasons whereas non-irradiating or irradiating
cattle manure had the lowest distinctive effect in this respect.

On the other hand. the interaction between organic
manure and method of organic manure application, inducates
that poultry manure applied particularly in soil application or
secondly + water extract exerted the highest positive effect on
leaf dry weight of Volkamer lemon seedlings, in both seasons,
(Table, 94),

Furthermore, application of irradiated organic manure as
soil application exerted the highest stimulative effects on leaves
dry weight, followed descendingly by those applied as water
extract. - On the contrary, non-irradiating organic manure applied
as soil application or water extract had the lowest positive effect
on leaves dry weight in both seasons (Table, 95).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other combinations of cattle and sheep in enhancing leaf dry
weight with the superiority to irradiating poultry manure on the
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expense of non-irradiating poultry manure applied as soil
application on the expense of water extract of organic manure.
Besides, sheep manure combinations surpassed cattle manure
interactions in this respect and took the same pattern of poultry
manure combinations in both seasons, (Table, 96).

4.2.2.1.10 Root dry weight

It is clear from Table (92) that poultry manured seedlings
had the highest root dry weight as compared with that arised
from cattle manured ones in both seasons. Besides, sheep
manured seedlings had inbetween values in this respect.

Moreover. irradiating organic manure surpassed non-
irradiating  organic manure in increasing root dry weight in both
seasons.

Furthermore,  soil application of organic manure
succeeded to induce a positive effect on root dry weight as
compared with water extract of organic manure in this respect.

In addition, Table (93) illustrates that the interaction
between organic manure source and irradiating organic manure,
demonstrates that irradiating poultry manure induced heavier
root dry weight in both seasons. On the contrary, non-irradiating
or irradiating cattle manure had the lowest enhancing effects in
this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, shows that
poultry applying manure as soil application or water extract
exerted the highest positive effect on root dry weight of
Volkamer lemon seedlings, in both seasons, (Table, 94).
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Furthermore, applying irradiating organic manure as soil
application exerted the highest stimulative effects on root dry
weight, followed descendingly by those applied as water extract.
On the contrary, non-irradiating organic manure applied as soil
application or water extract had the lowest positive effect on root
dry weight in both seasons (Table, 95). :

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other tested combinations in enhancing root dry weight with the
superiority to irradiating poultry manure on the expense of non-
irradiating  poultry manure applied as soil application on the
expense of water extract. Besides, sheep manure combination
surpassed cattle manure interactions in this respect and took the

same pattern of poultry manure combinations in both seasons,
(Table, 96).

4.2.2.1.11. Total seedling dry weight

It 1s clear from Table (92) that poultry manured seedlings
produced higher total seedling dry weight as compared with
those arised from cattle manured ones in both seasons. Besides,
sheep manured seedlings came inbetween in this respect.

Moreover, irradiating  organic manure surpassed non-
irradiating  organic manure in increasing total seedling dry
weight in both seasons.

Furthermore,  soil application of organic manure
succeeded to induce a positive effect on total seedling dry weight
as compared with water extract.
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In  addition, Table (93) illustrates that the interaction
between organic manure source and irradiating organic manure,
indicates that irradiating poultry manure induced higher total
scedling dry weight in both seasons. Besides, non-irradiating or
irradiating cattle manure had the lowest pronounced effect in this
respect.

On the other hand, the interaction between organic
manure and method of organic manure application, declares that
poultry manure applied as soil application or water extract
induced the highest positive effect on total seedling dry weight
of Volkamer lemon seedlings, n both seasons. (Table, 94).

Furthermore, applying irradiating organic manure as sotl
application excrted the highest enhancing effect on total seedling
dry weight, followed descendingly by those applied as water
exiract. On the contrary, non-irradiating organic manure and
applied as soil application or water extract had the lowest
positive effect on total seedling dry weight in both seasons
(Table, 95).

Finally, the interaction between the three studied factors
indicates that the interactions of poultry manure surpassed the
other tested combinations in increasing total seedling dry weight
with the superiority of irradiating poultry manure on the expense
to non-irradiating treatment and applied as soil application on the
expense of water extract application. Besides, sheep manure
combinations surpassed cattle manure interactions in this respect
and took the same pattern of poultry manure combinations in
both seasons, (Table, 96).

e
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4.2.2.1.12. Top : root ratio

It is clear from Table (92) that cattle manured seedlings
produced higher top : root ratio as compared with those given by
cattle manured ones i second season. On the contrary, poultry
and sheep manured seedlings gave the lowest values in this
respect.

Moreover. iradiating  organic Mmanure surpassed non-
irradiating in exerting a distinctive positive effects on top : root
ratio in the second season, only.

Furthermore,  soi] application of organic  manure
succeeded to induce a positive effect on top : root ratio as
compared with water ex(ract application in the second season
(2001),

In addition, Table (93) illustrates that the interaction
between organic manure Source and irradiating organic manure,
declares that irradiating cattle manure induced higher top : root
ratio in the second. only season (2001). Besides, non-irradiating
or irradiating poultry and sheep manure produced the lowest
positive effect in this respect.

On the other hand, the interaction between organic
manure and method of organic manure application, shows that
cattle manure applied as soil application or water extract induced
the highest positive effect on top:root ratio of Volkamer lemon
seedlings in both seasons, (Table, 94).

Furthermore, applying irradiated organic manure as soil
application produced the highest stimulative effects on top : root
ratio, followed descendingly by those applied as water extract.
On the contrary, non-irradiating organic manure applied as soil

_—————___%___E,——_‘—___‘____- T —
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application or water extract induced the lowest positive effect on
top : root ratio in the second season (Table, 95).

Finally, the interaction between the three studied factors
indicates that the interaction of cattle manure surpassed the other
combination (sheep and poultry) in enhancing top : root ratio
with the superiority of irradiating cattle manure on the expense
of non-irradiating cattle manure and applied in soil application
on the expense of water extract of organic manure. Besides,
sheep manure  combination surpassed poultry —manure
interactions in this respect and took the same pattern of cattle
manure combinations in both seasons, (Table, 96).

4,2.2.2. Leaf mineral content

Leaf mineral content (N, P, K, Ca, Mg, Fe, Zn and Mn )
of Volkamer lemon seedlings during 2000 and 2001 seasons in
response  to Organic manure source (cattle, poultry and sheep),
irradiation and/or non-irradiation of dry organic manure and
method of organic manure application (soil application and soil
application of water extract) as well as their interactions 18
reported in Tables (97 -106).

4.2.2.2.1. Nitrogen

It is clear from Table (97) that leaves of poultry manured
seedlings had higher values of nitrogen content (2.64 & 2.62%)
as compared with those manured with cattle (2.43 & 2.42%) in
the first and second secasons, respectively. Besides, leaves of
sheep manured seedlings scored inbetween values of nitrogen
content (2.55 & 2.53%) in 2000 and 2001 seasons, respectively.
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Table (97): Specific effect of organic manure source, irradiation and application method on leaf
N, P, K, Ca and Mg content of Volkamer lemon seedlings (2000 and 2001 seasons).

Elements concentration in dried leaves (%)

_Magnesium

Factor ~_Nitrogen _ Phosphorus  Potassium _ Calei um um_
(2000} (2001) (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
a. Effect of organic manure source
Cattle manure 243c 242c¢  0122b 0125b 0745c¢ 0.745c¢ 3.2¢ 35¢c 036¢c 0.33b
Poultry manure 264z 262a 01452 01452 093a 09632 43 a 452 053a 0532
Sheep manure 255b 253b 0130b 0132b 0802b 0895b 38b 42b 045b 0.40b
b. Effect of Irradiation
Non-irradiation 251b 24%b 0128b 0130b 0830b 0.822b 35b 39b 043b 040 a
Irradiation 258a 256a 0137a 01382 09104 09132 41a 43 a 046 a 044 z
c. Effect of application method

Soil application 2563 254a 01372 0138a 08%7a 08883 39a 42a 044 2 0422
Water extract 2.52b 250b 0128b 0130b 0843b 0847b 36b 39b 044z 041 a

Means within each column, followed by the same letter(s) are not significantly different at 5% level,
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Anyhow, the differences between the three studied
organic manure sources in this regard were pronounced to be
significant.

Furthermore. irradiation of dry organic manures enhanced
leaf nitrogen content rather than non-irradiation treatment.

In addition. the application of organic manure as soil
application  induced higher positive effect on leaf nitrogen
content rather than water extract application method (Table,98).

Furthermore. the interaction between organic manure
source and irradiation of dry organic manure reveals that leaf
nitrogen content showed more response to organic manure
source rather than to irradiation of dry organic manuers, hence,
irradiated poultry manure, non-irradiated poultry manure and
irradiated  sheep manure recorded the highest values of leaf
nitrogen content.

Moreover. the interaction between organic manure source
and method of organic manure application demonstrates that leaf
nitrogen content showed more response 10 organic manure
source rather than to method of organic manure application,
hence poultry manure applied as soil application as water extract
induced the highest positive effects on leaf nitrogen content,
followed descendingly by the combinations of sheep manure and
lastly by the interactions of cattle manure (Table, 99).

Morcover. Table (100) reveals that the interactions
between irradiation of organic manure source and method of

organic manure application shows that interactions of irradiation
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Table (98): Effect of interaction between organic manure source and irradiation on leaf N, P, K, Ca and Mg
content Volkamer lemon seedlings (2000 and 2001 seasons).

Organic Elements concentration in dried leaves (%)
manure Irradiation ~ Nitrogen Phosphorus Potassium Calcium Magnesium
Source (2000) (2001) (2000) (2001)  (2000)  (2001) (2000) (2001) (2000)  (2001)
Non-irradiation 242e 241c¢c 0125b 0.125b 0735e 0725e 31b 34e 033e 0.32d
nmnmmvﬁ
Irradiation 245d 243c 0120b 0125b 0.755e 0765e 3.3b 3.7d 0.38d 0.35cd
Non-irradiation 258b 25b 0.135b 0135b 0910c 08910c¢ 42a 43b 052a 052ab
vc:_n_‘<¢m
Irradiation 271 a 268a 0.155a 0155a 10152 1015a 45a 46 a 053 a 054 a

~ Non-irradiation 252¢c 250b 0125b 0130b 0845d 0830d 33b 40¢c 043¢ 0.36 cd
m:mmﬁ.ﬁ

Irradiation 258 b 2576 0.135b ©135b 0960b 0960b 433 4.4 ab 046b 0O44bc

Means within each column, followed by the same letter(s) are not sianificantly different at 5% level.
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Table (100): Effect of interaction between irradiation and application method of organic manure on leaf N, P,
K, Ca and Mg content of Volkamer lemon seedlings (2000 and 2001 seasons).

Elements concentration in dried leaves (%)

T Application —— — S—
Irradiation ﬂ_umn:oa _ Nitrogen  Phosphorus Potassium Calcium Magnesium
(2000)  (2001)  (2000) (2001) (2000) (2001) (2000) (2001) (2000) (2001)
jm..o: application 252bc 250c 0133 ab 0133ab 0847b O0833c¢ 37b 41b 0.42c 0.3% a
Zo:-_:.m&mﬁjv
Water extract 250c 24Bc 0123b 0.127b 0813c¢c 0810c¢c 34c 37e 043¢ 0.41 a
~Soil application 261a 25%9a 0140a 01433 00947a 00943a 43a 443 0.47 a 0.46 a
Irradiation |vﬁo
253b 0133ab 0133ab 0873b 0883b 38b 41b 045b 042 a

Water extract 255b

Means within each column, followed by the same

letter(s) are not significantly different at 5% level,
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of organic manure and soil application method enhanced leaf
nitrogen content followed descendingly by irradiation of organic
manure and water extract application.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf nitrogen
content. On the contrary, the combinations of cattle manure
exerted the least positive effect on leaf nitrogen content (Table,
101).

4.2.2.2.2. Phosphorus

It is clear from Table (97) that leaves of poultry manured
seedlings had higher values of phosphorus content (0.145 &
0.145%) as compared with those manured with cattle (0.122 &
0.125%) in the first and second seasons, respectively. Besides,
leaves of sheep manured seedlings scored inbetween values of
phosphorus content (0.130 & 0.132%) in 2000 and 2001 seasons,
respectively. Anyhow, the differences between the three studied
organic manure SOuUrces in this regard were obvious to be
significant.

Furthermore. irradiation of dry organic manures enhanced
leaf phosphorus content rather than non-irradiation treatment.

In addition, the application of organic manure source as
soil application enhanced leaf phosphorus content rather than
soil application water extract application method (Table,97).
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Table (101): Effect of interaction between organic manure source, irradiation and application method on leaf N, P,
K. Ca and Mg content of Volkamer lemon seedlings (2000 and 2001 seasons).

Organic Application Elements concentration in dried leaves (%)
manure Irradiation method Nitrogen Phosphorus Potassium Calcium Magnesium
g P g
source (2000) (2001)  (2000)  (2001) (2000) (2001)  (2000) (2001) (2000) (2001
zos.m_._.w%m:.nﬁ,ﬁ Soil application 2.43f 242g 0.130 cd 0130 ¢ 0150 g 0.740 fg 32 fg 36f 031g 0.35cd
Cattle . Water extract 241f 240g 0120 d 0.120¢ 0720 g 0710 ¢g 30g 32g 0.36f 0.30d
m il icati ; 4 i ; .78 ; ¥ 3 ) 0.
anure irrsetiatisn ILH Soil application 247 ef 245fg 0.120d 0.130 ¢ 0.780 fg 0.780 ef 3def 3.8 ef 0.39e 37 bed ()
Water extrac. 2.44f 242g 0.120 d 0120 ¢ 073g 0.750 fg 33ef 37ef 0.38e 0.33d B
: - Soil application  2.60 be 257 ed 0.140 be 0.140 be 0.920 cd 0.920 be 4.4 be 4.4 bed 0.53b 0.53ab
zo:-:.Sa_mrmwﬁ
UOE”levﬁ Water extract 257cd  255cde 0.130 cd 0.130 ¢ 0.800 cd 0.900 ¢ 41d 42d 052b 0.51 abc
Soi i ) 5 ; 1 .070 ; i ; , 5T -
manure r:mn:m:o: lwm oil application 277a 273a 0.160 a 0.160 a 1.070a 1.070 a 48a 48a 055a 057 a m
Water extract 265b 2640 b 0.150 ab 0.150 ab 0.960 be 0.960 be 42cd 4.5 be 0.52b 0.51 abc .-.s..
No _Jmu_m:g,jv Soil application 2534 251 de 0.130 cd 0.130 ¢ 0.870 de 0.840 d 35e 42d 0444 0.297 d m.
r—Non-
Sheep 5 % Water extract 252de 250ef 0.120d 0130 ¢ 0.820 ef 0.820 de 32fg 38e 043d 0.423 abed .m
manure _rv ™ Soil application 261 be 2.60 bc 0.140 be 0.140 be 0.990 b 0.880 b 46 ab 46ab 047¢ 0.45 abed
Irradiation —

b Water extract

256cd  254cde 0.130 cd 0.130¢ 0.930 cd 0.940 be 40d 43cd 046¢c 0.43 abed
— e es WIehe — e  Ubsabed

Means within each column, followed by the same Istter(s) are not significantly different at 5% level.
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Furthermore, Table (98) indicates that the interaction
between organic manure source and irradiation of dry organic
manure source exerted that leaf phosphorus content showed
more response to organic manure source rather than to
irradiation  of dry organic manuers, hence, irradiated poultry
manure. non-irradiated poultry manure and irradiated sheep
manure scored the highest values of leaf phosphorus content in
descending order.

Moreover, the interaction between organic manure source
and method of organic manure application demonstrates that leaf
phosphorus content showed more response to organic manure
source rather than to method of organic manure application,
hence poultry manure applied  as soil application or as water
extract induced the highest positive effect on leaf phosphorus
content. followed descendingly by the combinations of sheep
manure and lastly by the interactions of cattle manure (Table,
99).

Moreover, Table (100) reveals that the interactions
between irradiation of organic manure source and method of
organic manure application shows that interactions of irradiation
of organic manure and soil application method enhanced leaf
phosphorus  content followed descendingly by irradiation of
organic manure and in soil application of water extract
application method.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf

/
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phosphorus content. Besides. the combinations of cattle manure

exerted the least positive effect on leaf nitrogen content. (Table,
101).

4.2.2.2.3. Potassium :

It is clear from Table (97) that fertilizing Volkamer
lecmon seedlings with poultry manure enriched leaf potassium
content (0.963 & 0.963%) as compared with those manured with
sheep (0.902 & 0.895%) and cattle manured seedlings (0.745 &
0.745%) in 2000 and 2001 seasons, respectively. Anyhow, the
differences between the three organic manure sources in this
respect were obvious to be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf potassium content rather than non-irradiation treatment.

In addition, the application of organic manure source as
soil application enhanced leaf potassium content rather than
Wwater extract application method (Table,97).

Moreover, Table (98) indicates that the interaction
between organic manure source and irradiation of dry organic
manner source exerted that leaf potassium content showed more
response to organic manure source rather than to irradiation of
dry organic manuers, hence, irradiated poultry manure followed
secondly by irradiated sheep manure induced the highest positive
effect in this respect.

Furthermore, the interaction between organic manure
source and method of organic manure application demonstrates
that leaf potassium content showed more response to organic
manure source rather than to method of organic manure
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application, hence poultry manure applied firstly in soil
application and/or secondly soil application of water extract
induced the highest positive effect on leaf potassium content,
followed descendingly by the combinations of sheep manure and
lastly by the interactions of cattle manure (Table, 99).

Moreover. Table (100) reveals that the interactions
between irradiation of organic manure and method of organic
manure application shows that interactions of irradiation of
organic manure and soil application enhanced leaf potassium
content followed descendingly by irradiation of organic manure
source and water extract application method.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf potassium
content. followed descendingly by irradiated sheep manure
applied as soil application. On the contrary, the combinations of
cattle manure exerted the least positive effects on leaf potassium
content. (Table, 101).

4.2.2.2.4. Calcium

It is clear that fertilizing Volkamer lemon seedlings with
poultry manure enriched leaf calcium content (4.3 & 4.5%) as
compared with those manured with sheep (3.8 & 4.2%) and
cattle manured seedlings (3.2 & 3.5%) in 2000 and 2001
seasons, respectively. Anyhow, the differences between the three
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organic manure sources in this respect were obvious to be
significant.

Furthermore, irradiation of organic manures enhanced leaf
calcium content rather than non-irradiation treatment.

In addition, the application of Organic manure source as
soil application enhanced leaf calcium content rather than water
extract application (Table,97).

Moreover, Table (98) indicates that the interaction
between organic manure source and irradiation of dry organic
manure  demonstrated that leaf calcium content showed more
response to organic manure source rather than to irradiation of
dry organic manuers, hence, poultry manure whether irradiated
or non-irradiated showed the highest values of leaf calcium
content.

Furthermore, the interaction between organic manure
source and method of organic manure application demonstrates
that leaf calcium content showed more response to organic
manure source rather than to method of organic manure
application, hence poultry manure applied as soil application or
s water extract induced the highest positive effect on leaf
calcium content, followed descendingly by the combinations of
sheep manure and lastly by the interactions of cattle manure
(Table, 99).

Moreover, Table (100) reveals that the interactions
between irradiation of organic manure source and method of
organic manure application shows that interactions of irradiation
of organic manure source and method of organic manure
application as soil application enhanced leaf calcium content
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followed descendingly by irradiation of organic manure source
and water extract application method.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf calcium
content. followed descendingly by sheep manure irradiated and
applied as soil application. On the contrary, the combinations of
cattle manure exerted the least positive effect on leaf calcium
content (Table, 101).

4.2.2.2.5. Magnesium

It is clear from Table (97) that leaves of poultry manured
Volkamer lemon seedlings had higher values of magnesium
content (0.53 & 0.53%) as compared with those manured with
cattle (036 & 0.33%) in the first and second seasons,
respectively. Besides, leaves of sheep manured seedlings scored
inbetween values of magnesium content (0.45 & 0.40%) in 2000
and 2001 seasons, respectively. Anyhow, the differences
between the three studied organic manure sources in this regard
were obvious to be significant.

Furthermore, irradiation of dry organic manures enhanced
leaf magnesium content rather than non-irradiation of dry
organic manures.

In addition, the tested application methods  of organic
manure  failed to induce any positive effect on leaf magnesium
content in both seasons (Table,97).

M
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Furthermore, the interaction between organic manure
source and irradiation of dry organic manures demonstrated that
leaf magnesium content showed more response to organic
Mmanure source rather than to irradiation of dry organic manuers,
hence, poultry manure whether irradiated or non-irradiated gave
the highest values of leaf magnesium content.

Moreover, the interaction between organic manure source
and method of organic manure application demonstrates that leaf
magnesium content showed more response to organic manure
source rather than to method of organic manure application,
hence poultry manure applied as soil application or as water
extract induced the highest positive effect on leaf magnesium
content, followed descendingly by the combinations of sheep
manure and lastly by the interactions of cattle manure (Table,
99).

Moreover, Table (100) demonstrates that the interaction
between irradiation of organic manure and method of organic
manure - application shows that interactions of irradiation of
organic manure and soil application enhanced leaf magnesium
content followed descendingly by irradiation of organic manure
and method of organic manure application as water extract
application.

Finally, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application shows that the interactions of poultry manure,
particularly when poultry manure irradiated and applied as soil
application induced the highest positive effect on leaf
magnesium content. On the contrary, the combinations of cattle
manure exerted the least positive effects on leaf magnesium
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content. Besides. the combinations of sheep manure occupied

inbetween positions in this respect (Table, 101).

4.2.2.2.6. Iron, Manganese and Zinc

It is obvious from Table (102) that leaves of poultry
manured seedlings had the highest values of leaf Fe, Mn and Zn
content. followed descendingly by those of sheep manured ones
and lastly those fertilized with cattle manure. However, the
differences between the three tested organic manure sources in
this concern were remarkable to be significant.

Moreover. irradiation of the three organic manure sources
enhanced leaf Fe, Mn and Zn content rather than non-irradiation
treatment.

Furthermore. the application of organic manure as soil
application enhancd leaf Fe, Mn and Zn content rather than
water extract application.

Additionally, Table (103) reveals that the application of
irradiated poultry manure in particular or non-irradiated exerted
the highest stimulative effects on leaf Fe, Mn and Zn content. On
the contrary, the application of cattle manure either irradiated or
non-irradiated scored the lowest values in this respect. The
interactions of sheep manure occupied an intermediate position
in this sphere.

Table (104) shows that the application of poultry manure
particularly as soil application or as water extract exerted the
highest stimulative effect on leaf Fe, Mn and Zn content. On the
contrary, the application of cattle manure either as soil

application or water extract induced the lowest positive effect in
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Table (102): Specific effect of organic manure source,

content of Volkamer lemon seedlings (2000 and 2001 seasons).

irradiation and application method on leaf Fe, Mn and Zn

Factor

Cattle manure
Poultry manure
Sheep manure

Non-irradiation
Irradiation

Soil application

— Elements concentration in dried leaves (ppm)

Iron Manganese Zinc
(2000) (2001) (2000) (2001) (2000) (2001)
a. Effect of organic manure source
70¢c 72 ¢c 48 ¢ 52 ¢ 44 ¢ 45 ¢
82 a 84 a 75 a 77 a 73a 72a
79 b 81b 66 b 67 b 57 b 61b
b. Effect of irradiation
78 b 80 b 60 b 61b 55 b 57 b
82 a 85a 67 a 69 a 60 a 62 a
c. Effect of application method
82z 84 & 66 a 68 a 51a 62 a
55 b 57 b

Water extract 79 a 81b 61b 62 b
- b = &b &b

Means within each column, followed by the same letter

(s) are not significantly different at 5% level
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Table (104): Effect of interaction between organic manure source and application method on leaf leaf Fe,
Mn and Zn content of Volkamer lemon seedlings (2000 and 2001 seasons).

Elements concentration in dried leaves (ppm)

Organic manure Application -
source method —__lron ~ . ___Manganese Zinc
(2000) (2001) (2000) (2001) (2000) (2001)
Soil application 72c 75d S2e S54e 48 d 49 e
Cattle ..:m::_.m;Wﬁ

Water extract 67 d 69 e 47 f 49 f e 92f
ﬁv Soil appiication 92a 95 a 78 a 79 a 74 a 74 a

Poultry manure=
o Water extract 92a 93b 72b 74 b 72a 70b
~ Soil application 81b €c 68 ¢ 70¢ 61 b 63 ¢

Sheep manure—|
- Water extract 78b g0 ¢ 64 d &4 d S4¢ 59 d
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this respect. The interactions of sheep manure occupied an
intermediate position in this sphere.

Table (105) shows that leaves of irradiated of organic
manured seedlings manured superficially or as water extract
were the richest ones in their content of Fe. Mn and Zn as
compared with those of produced by non-irradiated organic
manurc,

Lastly, the interaction between organic manure source,
irradiation of organic manure and method of organic manure
application, (Table, 100) declares that irradiated poultry
manured scedlings as soil application or water extract followed
descendingly by the corresponding ones non-irradiated and
manured as soil application and or water extract showed the
highest values of leaf Fe, Mn and Zn content. Besides, the
combinations of sheep manure proved to be more efficient in
enhancing leaf Fe. Mn and Zn content than the analogous ones
of cattle manure.

Briefly. the results of leaf mineral content due to organic
manure source are in accordance with the findings of Sekiya et
al. (1993) on Satsuma mandarin, Kalu-Singh et al. (1984) on
mango. Noack (1984) on apple, Darfeld and Lenz (1985) on
pear, Umemiya and Sekiya (1985) on persimmon, Villasurda
and Baluyut (1990) on guava, Ben-Ya-Acov et al. (1992) on
avocado. Awad et al. (1993) on olive, Alvarez etal. (1993) on
pinapple, Smith (1994) on banana, Abu-Sayed Ahmed (1997)
on Balady mandarin EI-Kobbia (1999) on Balady mandarin and
Moustafa (2002) on Washington navel orange. They reported
that organic manure, particularly, poultry manure improved leaf

mineral content.
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Table (105): Effect of interaction between irradiation and application method of organic manure on leaf Fe,
Mn and Zn content of Volkamer lemon seedlings (2000 and 2001 seasons).

_ Elements concentration in dried leaves (ppm) B

— Applicati e —
Irradiation ﬂ”umn:o_n_az ~_dron Manganese ~ Zinc -
(2000) (2001) (2000) (2001) (2000) (2001)
Soil application 79b 8lc 62 b 62 be 57 b 58 b
20:-:_.mnmm:DmVﬁ
Water extract 77b 78 d 58 ¢ 60 ¢ 54 ¢ hc

r~ Soil application 84 a 87 a 70 a 73a 65 a 66 a
Irradiation ll

- Water extract 81 ab 83 b 64 b 65 b 56 be 58 b

Means within each column, followed bv the same letter(s) are not sianificantly different at 5% level.
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Besides. the obtained results of leaf mineral content
attributed to the effect of method of organic manure application
are in line with the findings of Thachuk (1983) on apple,
Bhangoo et al. (1988) on grape and Goede (1993) on mango.
Morcover, the results of biofertilizer regarding leaf mineral
content are in agreement with the findings of Pmares et al.
(1983) on oranges, Chokha et al. (1993) on orange, Haggag
and Azzazy (1996) on mango, Ahmed et al. (1997) on grape,
Awashi et al. (1998) on peach, Fernandez et al. (1998) on
banana, Mansour (1998) on Anna apple, Mahmoud and
Mahmoud (1999) on peach Tiwary et al. (1999) on banana and
Moustafa (2002) on Washington navel orange. They mentioned
that Rhizobacterien enhanced most leaf mineral content.
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