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ABSTRACT: Two field experiments were conducted at Salheya area, Sharkia Governorate, Egypt
during two seasons (2015 and 2016) to study the effect of N, K fertilization and irrigation systems on
citrus trees (Citrus sinenis), in case of converting irrigation system from flood to pressurized irrigation
systems. Two N rates (800 and 1000g N/tree/year) and K (330 and 500 g Ki/tree/year) in the
experiment 1 using 8 pressurized irrigation systems beside flood irrigation. Three N rates (800, 1000
and 1200 g N/tree/year) and K (330,500 and 660 g K/tree/year) in experiment 2 under 6 irrigation
systems using equal water amounts for all converted trees (25 m*tree/year) by using small valves, and
flood irrigation. 800 g N/tree/year and 330 g K/tree/year gave the highest N content in leaves in trees
converted from flood to two lines dripper (S7), Highest K content in leaves was obtained by treatment
of 1000 g N and 500 gK/tree/year under non converted trees (flood). In experiment 1, highest content
of total soluble solids (TSS) was obtained by 800 g N and 500 g K under trees converted from flood to
Micro Jet in circle shape (S5), and the highest acidity pH was obtained by treatment of 1000 g N and
500 g K under trees converted from flood to S7. In experiment 2 the highest N content in leaves was
obtained by treatment of 1200 g N/tree/year and 660 g K/tree/year in converted trees to (S5) and the
highest content of K in leaves was obtained by treatment of 1200 g N/tree/year and 330g K/tree in
converted trees to T. dripper in square shape (S4). Application of 1000 g N/tree/year with 500 g K/
tree/year gave the highest percentage of TSS, and the highest percentage of total acidity was obtained
due to adding of 1200 g N combined with 330 g K/tree/year in converted trees from flood to (S5).
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INTRODUCTION converting irrigation system from flood to
pressurized irrigation.
Fertilization is most important for citrus yield Roth et al. (1995) reported that mature

and quality specially when converting the
irrigation system from flood to pressurized
irrigation. Nitrogen and potassium are the main
nutrients needed for citrus trees. The balance . i
between N and K is important (Monga et al., water requirement and f_ertlllty. Wolf (1999)
2004). Nitrogen is important nutrient for growth ~ 'ePorted that water requirement to produce a
and productivity because it is a constituent of ~ Unit weight of a crop can be reduced by
many other important substens. Nitrogen and can reduce wgter requirements to produce a unit
potassium minimize the negative effect of  of crop (lbrahim, 2006).
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orange trees can be converted to pressurized
irrigation systems with minimal effect on fruit
yield and quality. There is relationship between
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In old citrus orchards irrigation was done
with high water amounts ranging from 8000-
8500m? fad.™ (or 19000 to 20000 m® ha™) (25
times/year) whereas the actual water requirements
range between 3000-4000 m® fad.™ or 7200 to
9500 m® ha™. On the other hand, in sandy soils
that irrigated by flood system, water amount used
ranging from 10000-12000 m® fad.?, (42000 to
50400 m® ha'), whereas the actual water
requirements range between 5000-6000m® fad.™,
(21000 to 25200 m*ha™). Nakhlla et al. (1998)
reported that the optimal annual fertilizer and
irrigation rates for 7-year-old trees were 90 kg N
+ 4500 m? irrigation water/fad., (Parsons, 1993).
In arid and semiarid regions, citrus tree roots are
usually concentrated in areas where irrigation
water is applied. In general, more than 70% of
the root system should be irrigated for mature
trees in well-drained, sandy soils (Bielorai,
1982; Smajstrla and Koo, 1984; Koo and
Smajstrla, 1985).

The current study aims at assessing the status
of orange trees up on changing the irrigation
from flood system to pressurized systems. Fruit
quality and other parameters will be studied.

MATERIALS AND METHODS

Two field experiments were carried out on a
sandy soil at Salheya area, Sharkia Governorate,
Egypt during two successive seasons of 2015,
2016 on 15- years-old Washington navel orange.
These experiments were conducted to study the
effect of N and K fertilization and the change in
irrigation system on nutrients content in orange
leaves and some chemical properties of fruit
juice, in the case of converting citrus irrigation
system from flood irrigation (which using large
amount of water and covered large area) into
pressurized irrigation system through increasing

Ibrahim, et al.

the efficiency of nitrogen, potassium fertilization
and irrigation water of fruit orchards.

Representative soil samples were collected
under tree canopy, within 100 cm from tree
trunk and vertically at 0 -20, 20 — 40 and 40 — 60
cm. Samples were analyzed for chemical and
physical characteristics. i.e., soil texture, soil
(pH) and soil salinity.

Each experiment was a randomizes complete
block, factorial (3-factors). Factors and treatments
for experiment 1 are: factor 1: N-rate; two rates
N1 and N2. Factor 2: K Rate: two rate K1 and
K2, factor 3: irrigation system: nine systems
from S1 to S9. Factors and treatment of
experiment 2 are: factor 1: N rate; three rates,
N1 to N3. Factor 2: K rates: K1 to K3. Factor 3:
irrigation systems: six systems from S1 to S6.
Assignations of treatments were as follows: In
experiment 1, two N rates: (800 and 1000 g N /
tree /year) and the two K rates :(330 and 500 g
Kl/tree/year) the irrigation systems were: Micro
Sprinkler (S1), Adjustable Sprinkler (S2), Micro
jet in square shape (S3), T. dripper in square
shape (S4), Micro jet in circle shape (S5), T.
dripper in circle shape (S6), two lateral lines
along tree rows (S7), open lines for each tree
(S8) and flood irrigation (S9) which is the (non-
converted system), Unequal flow of each system
was controlled by using small valves.

Experiment 2 included Three N rates (800,
1000 and 1200 g N/tree/year/) and three K rates
(330, 500 and 660 g K/tree/year), six irrigation
systems which were : Micro Sprinkler (S1),
Micro jet in circle shape (S2), T. dripper in
circle shape (S3), Adjustable Sprinkler (S4), two
lateral lines along tree rows (S5). Equal water
amount of 25m’/tree/year was used for all
converted trees by using small valves, and Flood
irrigation (S6) as standard. Fig. 1 shows details
of each irrigation system.

Table 1. Physical and chemical properties of the orchard soil

Depth  Particle size Textu pH EC N content lons mmol, I"*
(cm) (%) ral dsm* mgkg®
. CIaSS + ++ ++ + + - - -
Sand Silt Clay NO; NH,* Ca”™ Mg™ Na* K* CO; H(?O3SO4 Cl
**LS
0-20 75.7 205 3.8 xS 850 074 33 84 25 145325065 0 366 1.32 2.87
20-40 989 06 05 *S 853041 60 44 168 095133032 0 233 0.70 1.25
40-60 99.3 00 03 *S 839033 56 44 1.15 085 125015 0 117 1.00 1.23
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Fig .1. Diagram of the irrigation systems in the experiment
T. dripper in square shape (S4)

Tree trunk
@ 1. dripper (30-40)L/h
Wetted area 0.58 m* £
(0.55*%6=3.48 m2) 110cm 00 cm between drippers
50
0 43cm

Soil sample location

200cm

Control valves
Sub main line

Micro jet in circle shape (S5)

’ Micro Jet(30-70)L/h
7z \4

62.8 cm between micro Jet

Wetted area 0.77m
(.077*6=4.62m2)

tree trunk "
A
Main lige
Soil sample location n\‘
\ 70 cm
Control valves
Sub main line — ——

T. dripper in circle shape (S6)

Wetted area 0.58 m?
(0.58%6= 3.48m2)

200cm® 150

Soil sample Iocation/




Zagazig J. Agric. Res., Vol. 44 No. (6A) 2017 2151

ontrol valves Sub

main line
Fig. 1. Cont.
Two lines (S7)
100cm
Two Lines dripper (40-45)L/h
Wetted area 0.58 m? cm
(0.58* 4=2.32m?) \
. Distance between drippers100cm
50
Soil sample location 0
150
200cm — Control valves ~

Sub main line

Open line (S8)

Open line 450 L/h
Tree Canopy 3.8 m?
Actual wetted area 1.90

0
Soil sample location / 100

150
200cm

Tree trunk

Main line

Sub main line

- Control valves

Flood irrigation

P
// Flood irrigation 1200L/h
Wetted area 9.00m* __} —»

cm 100cm 0 Tree trunk

200
cm 50cm

Soil sample location
b00cm Control valves

!




2152 Ibrahim, et al.

Fig. 1. Cont.

Therefore, treatments of experiment 1 were 2
"N"x2 "K"x9 Irrigation systems with 3 replicates
(108 plots). In experiment 2 they were : 3"N" x 3"
K "x 6 irrigation systems with 3 replicates (162

plot).
Leaf sampling

Samples of mature leaves of the previous
spring flush proceeding were taken on September
2015 and September 2016. The fresh leaves
were dried at 70°C till constant weight and then
ground. 0.2 g of the finely ground leaves of
each replicate was wet digested using the
method described by Kitson and Mellon (1964).

At harvesting, 10 fruits were randomly
collected from each plot to determine the acidity
and total soluble solids (TSS).

Leaf analyses

In general, the considered mineral nutrients
in leaves were determined as follows:

- Nitrogen in orange leaves was determined
using micro kjeldahl.

- Determination of potassium by using flame-
photometer.

Fruit analyses

1. Total soluble solids percentage (TSS %) was
determined in fruit juice using a hand
refractometer

2. Titration acidity in fruit juice was determined
as citric acid by titration against 0.1 N sodium
hydroxide solution and the total acidity
percentage was calculated by equation, Total
acidity = [(NaOH x 0.1 x 0.064)/juice
volume] x 100 (AOAC, 1990).

Soil analyses

1- Particle size distribution was carried out by
international pipette method described by
Piper (1950).

2- Soil reaction (pH) in (1:2.5) water suspension
by pH meter.

3- (EC dS/m™) were determined in soil paste
according to Jackson (1967).

400 cm

4- Soluble ions in soil extract (1:2.5 soil: water
WI/V) according to methods described by
Jackson (1967).

5- Available nitrogen in soil was extracted by
1% KCI solution, and determined by Kjeldahl
method.

6- Available potassium was extracted by 1.0 N
ammonium acetate solution extract (1:2.5)
according to Jackson (1967).

Statistical analyses

The obtained data were tabulated and
statically analyzed and the individual comparison
means were carried out using New LSD.

RESULTS AND DISCUSSION

Nitrogen Content in Orange Leaves

Results presented in Table 2, show that,
nitrogen concentration in orange leaves was
clearly affected by applying different rates of
nitrogen and potassium through different
irrigation systems in case of converting flood
irrigation to pressurized irrigation systems. The
percentage of nitrogen in leaves ranged between
1.79% (by N1 K1 S1) -3.09% (by N1 K2 S2) in
experiment 1 and 1.71% (by N3 K3 S3) - 2.29%
(by N3 K3 S5) in experiment 2. Thus the highest
N in leaves was obtained by 800 g N and 330
gK/tree/year under converted trees into two lines
along tree row in experiment 1 and 1200 g
N/tree/year and 660 g K/tree/year in converted
trees to two lines along tree row in experiment
2. On the other hand, the lowest percent of N in
leaves was obtained by the treatment 800g
N/tree/year, 330 g K/tree/year in converted trees
to micro sprinkler (S1) in experiment 1 and
1200 g N, 660 g K/tree/year under trees of micro
jet in circle shape (S2) in experiment 2. The
results showed that there are many factors
affecting N in leaves not the amount of nitrogen
applied only, but were strongly related to the
application method (Khalil et al., 2000; EI-Wazzan
et al.,, 2001), who added that distribution of
water irrigation and nitrogen fertilizer on large
area under tree canopy improved roots
distribution and nitrogen uptake.

Studying the effect of nitrogen fertilization
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Results showed that increasing nitrogen
application from 800 to 1000 g N/tree/year in
experiment 1 increased N content in converted
trees into S 2, S 3,S4,S6and S 8 by 246,
22.13, 2.59, 16.41 and 18.58% while under
converted trees into S 1, S 5 and S 7 there were
decreases by 12.61, 13.14 and 3.63%. In
experiment 2, increasing nitrogen rate from 800
to 1000 g N/tree/year caused a slight increase in
nitrogen content in leaves by 1.63 and 9.09% for
S 3 and S 4 systems, respectively. Increasing N
from 1000 to 1200 g/tree/year, nitrogen content
in leaves were increased by 3.13, 11.76, 28.43
and 3.03% in all converted trees, except
converted trees from flood to S1 wherein it
decreases by 5.52%. These results are in
harmony with those obtained by Sabbah et al.
(1997), Kannan et al. (2002), Monga et al.
(2004), EI-Otmani et al. (2004), Wassel et al.
(2007), Khan et al. (2009), Quinones et al.
(2009), Baughallel et al. (2011) and El-Wabeol
and Eid (2011) who found that increasing the N
rates and number of doses increased N
concentration in the leaves.

Concerning potassium fertilization, the results
showed that increasing potassium rates from 330
to 500 g Kltree/year in experiment 1 gave
increases in nitrogen content in leaves by 49.72,
12.93, 6.87, 19.63, 2.19, 3.77 and 12.93% in S1,
S2, S3, S4, S6, S7, S8 and S9, respectively, as
for converted trees from flood to S 5 which was
not affected. In experiment 2 increasing K rate
from 330 to 500 g K/tree/year caused increases
in nitrogen leaves by 2.12, 0.53, 0.51 and 1.52%
in all converted trees except trees converted
from flood to S2, there was slight decreases by
0.52%. Also, increasing K rate from 500 to 660
g Kl/tree/year decreased N leaves by 4.17, 5.29
and 1.02% in converted trees to S2, S3 and S4,
respectively. In S1 and S5 there are increases by
3.63 and 3.98%, respectively.

Studying the effect of converting citrus
irrigation system from flood to pressurized
irrigation on nitrogen content in leaves, due to
the differences of water and nitrogen fertilizer
distribution in the ground under trees canopy,
the results in the first experiment showed that
there are increases in nitrogen leaves by 5.11,
15.32, 8.94, 17.87, 26.8land 5.11% in all
converted trees except converted trees from
flood to S1 there was decreases in nitrogen
leaves by 5.11%, while converted trees from

flood to S4 were not affected. Whereas in
experiment 2 converting irrigation system from
flood to tested irrigation decreased nitrogen
concentration in orange leaves by 26.79, 28.30,
30.19, 26.04 and 23.40% in all converted trees
from flood to pressurized irrigation systems. The
obtained results are in harmony with those
reported by Shirgure et al. (2003) and Prerak
(2011). They found that leaf nutrient status was
significantly higher with microjet 180 degrees.

Interaction between nitrogen and potassium
with irrigation system the results showed that
increasing potassium rate from 330 to 500 g K/
tree with application of 800 g nitrogen in
experiment 1 caused significant increases in
nitrogen concentration in orange leaves by
66.48, 28.04, 15.93, 29.70, 15.13, 3.69 and
11.21% in all converted trees except S5 where
there was decreases by 8.39%, and increasing K
rate from 330 to 500 g K/tree/year under
application the second rate (1000g N/tree/year)
increased nitrogen content in orange leaves by
32.96, 10.62, 10.62, 4.20 and 14.40 in converted
trees to S1, S4, S 5, S7 and S8 ,respectively, but
converted trees to S 2 and S3 nitrogen content in
leaves were not affected. Also in experiment 2
increasing potassium rate from 330 to 500 g
K/tree under application of 800 g N/tree/year
increased leaves nitrogen content by 22.41, 6.25,
1.62 and 9.60% in all converted trees except S 5
there is decreases by 8.13%. While increasing
potassium rate from 500 to 660 g K/tree/year
under the same rate of nitrogen (800 g N/tree/
year) caused decreases in N leaves by 7.51,
7.35, 5.32 and 1.55% in all converted trees
except S 5 there is increases by 6.25% whereas
under application of the second rate of nitrogen
(1000 g N/treel/year), increasing potassium rate
from 330 to 500 g Kltree/year decreased
nitrogen concentration in orange leaves by
11.33, 4.08, 0.53and 2.88% in all converted
trees except converted trees from flood to S5
there was increases in nitrogen content in leaves
by 13.90%. In addition, increasing potassium
rate from 500 to 660 g K/tree/year under the
same rate of nitrogen increased N leaves
by12.78, 2.13, 0.53% in all converted trees
except S5 there was a decreases in N leaves by
8.45%. Under application the third level of
nitrogen (1200 g N/ tree), increasing potassium
rate from 330 to 500 g Kitree/year caused
negative effect on concentration of nitrogen in
orange leaves by 2.62, 2.63 and 3.43% in
converted trees to S1, S2 and S4. Also
increasing K rate from 500 to 660 g K/tree/year
decreased N leaves in all converted trees by
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7.57, 9.95 and 2.54% in converted trees to S2, trees to S1 and S5 there were increases in N
S3 and S4, respectively. Whereas converted leaves content by 6.99 and 15.08%, respectively.

Table 2. Effect of N, K and irrigation system on nitrogen content in leaves of Washington navel
orange trees

a: Experiment 1

N rates K rates Type of irrigation system (c)

gltreely  gltree/ Micro Adjustable Micro Jet T. dripper Micro jet T. dripper Two lines Open  Flood
ear Y€ar  sprinkler sprinkler insquare insquare incircle incircle dripper lines irrigation
(A) (B) (S1) (S2) shape shape shape shape (S7) (S8)  (S9)

(S3) (S4) (S5) (S6)
330 1.79 2.14 2.26 2.02 2.86 2.38 298 214 202
500 2.98 2.74 2.62 2.62 2.62 2.74 3.09 238 226
Mean 2.38 2.44 2.44 2.32 2.74 2.56 303 226 214
330 1.79 2.50 2.98 2.26 2.26 3.09 286 250 250

800

1000 500 2.38 2.50 2.98 2.50 2.50 2.86 298 286 2.62
Mean 2.08 2.50 2.98 2.38 2.38 2.98 292 268 256
Mean of K
330 1.79 2.32 2.62 2.14 2.56 2.74 292 232 226
K 500 2.68 2.62 2.80 2.56 2.56 2.80 3.03 262 244
G. Mean 2.23 2.47 2.71 2.35 2.56 2.77 298 247 235
LSD A024 BNS C020 AB 036 ACO028 BC 028 ABC NS

b: Experiment 2

N rates K rates Type of irrigation system (c)
gltree/ gltree/ Micro ~ Microjetin  T.dripperin Adjustable Twolines  Flood
year year sprinkler  circle shape  circle shape sprinkler (54) dripper irrigation
(A) (B) (S1) (S2) (S3) (S5) (S6)
330 1.74 1.92 1.85 1.77 2.09 2.58
800 500 2.13 2.04 1.88 1.94 1.92 2.71
660 1.97 1.89 1.78 1.91 2.04 2.62
Mean 1.95 1.95 1.84 1.87 2.02 2.64
330 2.03 1.96 1.88 2.08 1.87 2.69
1000 500 1.80 1.88 1.87 2.02 2.13 2.69
660 2.03 1.92 1.88 2.02 1.95 2.69
Mean 1.95 1.92 1.87 2.04 1.98 2.69
330 1.91 1.90 1.91 2.04 1.98 2.58
1200 500 1.86 1.85 1.91 1.97 1.99 2.64
660 1.99 1.71 1.72 1.92 2.29 2.64
Mean 1.92 1.82 1.85 1.98 2.09 2.62
Mean of K
K 330 1.89 1.93 1.88 1.96 1.98 2.62
500 1.93 1.92 1.89 1.97 2.01 2.68

660 2.00 1.84 1.79 1.95 2.09 2.65
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G. Mean 1.94 1.90
LSD A 040 B 0.02 C 0.041

1.85 1.96 2.03 2.65
AB 0.041

AC 0.07 BC 0.07 ABC 0.12

Potassium Content in Orang Leaves

Results presented in Table 3, show that
potassium concentration in orange leaves was
clearly affected by applying different rates of
nitrogen and potassium on Washington novel
orange in the case of converting irrigation
system from flood to pressurized irrigation
systems. The highest percentage of K in orange
leaves was obtained by the treatment of 1000 g
N and 500 g K/tree/year under non converted
trees (flood) in the first experiment and 1200 g
N/tree/year and 330 g K/tree/year in converted
trees from flood to adjustable sprinkler (S 4) in
the second experiment. On the other hand, the
lowest percentages of K (%) in leaves was
obtained by the treatment of 800 g N/tree/year,
330 g K/tree/year in converted trees from flood
to Micro Jet in circle shape (S5) in the first
experiment and 1200 g N, 500 g K/tree/year
under trees converted from flood to S 3 in the
second experiment.

Studying the effect of nitrogen fertilization,
the results in Table 3 showed that increasing
nitrogen application from 800 to 1000 g N/tree/
year in experiment 1, decreased potassium
content in orange leaves by 4.35, 0.81, 1.96,
4.52 and 4.03% in converted trees from flood
into S1,S2 S3,S7andS 8, respectively.
Under converted trees into S 4, S5 and S 6 there
was increases in potassium content in the leaves
by 7, 78 and 4.55%, respectively. In experiment
2, increasing nitrogen application from 800 to
1000 g Nitree/year increased potassium
percentage in orange leaves by 4.71, 6.25, 20.00
and 1.37% in all converted trees except that
converted to S 3 which decreases by 11.54 %, In
addition, increasing nitrogen rate from 1000 to
1200 g N/tree, caused decreases in potassium
content in orange leaves by 9.41, 5.80, 4.76 and
4.05% in all converted trees, except S1 wheren
potassium percentage in orange leaves was not
affected. These results are in harmony with
those obtained by Baughallel et al. (2011) who
showed that the percentages of N in the leaves
were increased in proportion to the amount of N
added while the percentage of P and K were
decreased.

Concerning potassium fertilization, the results
showed that increasing potassium rates from 330
to 500 g K/tree/year in experiment 1 resulted in
gradual increases in potassium content in leaves
by 6.90, 11.21, 45.68, 5.92 and 4.73% in all
converted trees except S 3, S 5 and S 8 where
there were decreases by 8.49, 4.35 and 5.60%,
respectively. In experiment 2, increasing K rate
from 330 to 500 g Ki/tree/year, decreased
potassium content in leaves by 2.41, 5.56, 20.69
and 1.28% in all converted trees except trees
converted to S1 where there was increases by
11.11%. While increasing K rate from 500 to
660 g Kitree/year increased K percentage in
orange leaves by 3.33, 4.41 and 13.04% in
converted treesto S 1, S 3 and S 4, respectively.
On the other hand, in S 2 and S 5 there were
decreases by 2.47 and 18.18%, respectively.

The results in experiment 1 showed that
converted citrus irrigation system from flood to
pressurized irrigation effect on potassium
content leaves, due to the difference of water
and potassium fertilizer distribution in roots area
under trees canopy, so the general mean of
potassium concentration in orange leaves
recorded decreases by 46.75, 27.22, 40.24,
40.83, 73.37, 7.10, 10.65 and 28.40% in all
converted trees. In experiment 2, the general
mean of K percentage in orange leaves recorded
increases by 15.79, 6.58and 2.63% in converted
trees from flood to S1, S2 and S4, respectively,
whereas converted trees from flood to S3 and S5
showed decreases in potassium leaves by 6.58
and 3.95%, respectively.

Studying the interaction between nitrogen
and potassium with irrigation system, the results
showed that increasing potassium rate from 330
to 500 g K/tree/year with application of 800 g
N/tree/year in experiment 1, increased potassium
concentration in orange leaves by 47.30, 48.48,
0.98, 12.20, 8.78 and 38.46% in all converted
trees except S4 and S8 where there was
decreases by 52.58 and 3.97%, respectively. In
addition increasing potassium rate from 330 to
500 g Kltree/year under the second rate of
nitrogen (1000 g/tree/year) decreased potassium
concentration in orange leaves by 24.00, 17.16,
16.51, 17.65, 21.21 and 8.06% in all converted
trees except converted trees to S 4 and S 6 in
which potassium (%) in leaves was increased. In
experiment 2, increasing potassium rate from
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330 to 500 g Kltree/year under application of and S5 which showed decreases by 11.49 and
800 g N/tree increased K (%) in leaves by 10.39, 26.37%, respectively. On the other hand
1.30 and 1.59% in all converted trees except S2 increasing potassium rate from 500 to 660 g K/

Table 3. Effect of N, K and irrigation system on potassium content in leaves of Washington
navel orange trees

s: Experiment 1

N rates K rates Type of irrigation system (c)

g/tree/  gltree/ T\zicro Adjustable Micro jet T. dripper Micro jet T.dripper Two Open  Flood
year year gsprinkler sprinkler insquare insquare incircle incircle lines lines irrigation
(A) (B) (S1) (S2) shape shape shape shape (S6) dripper (S8) (S9)
(S3) (S4) (S5) (S7)

330 0.74 0.99 1.02 0.97 0.41 1.48 130 126 1.20
500 1.09 1.47 1.03 0.46 0.46 1.61 180 121 174
Mean 0.92 1.23 1.02 0.72 0.44 1.54 155 124 147
330 1.00 1.34 1.09 0.65 0.51 1.57 165 124 1091

800

1000 500 0.76 1.11 0.91 191 0.42 1.61 130 114 191
Mean 0.88 1.22 1.00 1.28 0.46 1.59 148 119 1091
Mean of K
330 087 116 1.06 0.81 0.46 1.52 148 1.25 1.56
K 500 093 129 097 118 044 1.61 155 1.18 1.82
G. Mean 090 123 101 100 045 1.57 151 121 1.69
LSD A 0.047 B 0.021 C0.13 ABO0.030 ACO0.18 BC0.18 ABC 0.26
b: Experiment 2
N rates K rates Type of irrigation system (c)
g/tree/ g/tree/ Micro Micro jetin T.dripper Adjustable Two lines Flood
year year sprinkler  circleshape incircle sprinkler dripper irrigation
(A) (B) (S1) (S2) shape (S3) (S4) (S5) (S6)
330 0.77 0.87 0.77 0.63 0.91 0.75
800 500 0.85 0.77 0.78 0.64 0.67 0.77
660 0.94 0.78 0.78 0.85 0.59 0.76
Mean 0.85 0.80 0.78 0.70 0.73 0.76
330 0.76 0.82 0.63 0.99 0.72 0.67
1000 500 0.93 0.89 0.72 0.81 0.83 0.75
660 0.97 0.83 0.72 0.72 0.66 0.74
Mean 0.89 0.85 0.69 0.84 0.74 0.72
330 0.90 0.79 0.75 0.99 0.70 0.85
1200 500 0.91 0.76 0.55 0.63 0.81 0.77
660 0.86 0.76 0.64 0.79 0.63 0.75
Mean 0.89 0.77 0.65 0.80 0.71 0.79
Mean of K
330 0.81 0.83 0.72 0.87 0.78 0.76

500 0.90 0.81 0.68 0.69 0.77 0.76
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660 0.93
G. Mean 0.88
LSD A 0.043 B 0.021

C0.039 AB 0.036

0.79 0.71 0.78 0.63 0.75
0.81 0.71 0.78 0.73 0.76
AC 0.06 BCO0.06 ABC 0.11

tree/year under the same rate of nitrogen (800 g
N/tree/ year) increased leaves K by 10.59, 1.30
and 32.81% in converted treesto S1,S 2 and S
4, respectively. While converted trees to S5
caused decreases by 11.94%, respectively. Also,
with the second rate of nitrogen (1000 g N/tree
lyear), increasing potassium rate from 330 to
500 g Kltree/year, increased potassium
concentration in orange leaves by 22.37, 8.54,
14.29 and 15.28% in all converted trees except
S4, where the concentration of potassium in
orange leaves was decreased by 18.18% whereas
increasing K rate from 500 to 660 g K/tree/year
under the same rate of nitrogen (1000 g N/tree/
year), decreased potassium percentage in leaves
of converted trees to S 2, S 4 and S 5 by 6.74,
11.11 and 20.48%, respectively. But in converted
trees from flood to S 1 there are slight increase
by 4.30. Under the third rate of nitrogen (1200 g
N/tree/year), increasing potassium rate from 330
to 500 g Ki/tree/year decreased potassium
concentration in orange leaves by 3.80, 26.67
and 36.36% in converted trees from flood to S2,
S3 and S4, respectively while converted trees to
S 1 and S5, there were increases valued 1.11 and
15.71%, respectively. Also, increasing potassium
rate from 500 to 660 g K/tree/year, decreased
potassium leaves in S1 and S5 by 5.49 and
22.22%, respectively. Also there were increases
in K leaves amounted 16.36 and 25.40% in
converted trees to S 3 and S 4, respectively. The
results showed that there were increases in K
leaves by 16.58 and 24% in converted trees to
S3 and S 4, respectively.

Some Chemical Properties of Fruit’s Juice
Total soluble solids (TSS %)

Results presented in Table 4, show the effect
of application different rates of nitrogen and
potassium on total soluble solids (TSS) in
orange fruit juice when converting citrus
irrigation from flood to pressurized irrigation
systems. The percentage of TSS in orange juice
ranged between (11.00 -13.67) in the two
experiments. The greatest percentage of TSS
was obtained by the treatment of 800 g N and
500 g Kltree/year under trees converted from
flood to S 5 in the first experiment, and 1000 g

N/tree/year with 500 g K/tree/year in experiment
2. On the other hand, the lowest value was
obtained by treatment of 1000 g N and 330 g
Kl/tree/year under non converted trees (flood
irrigation) in experiment 1 and 1200 g N with
330 g Kltree/ year under non converted trees
(flood irrigation) in experiment 2.

Regarding the effect of increasing nitrogen
rate, the results showed that, increasing nitrogen
rate. from 800 to 1000 g N/tree/year in
experiment 1 caused significant decreases in
TSS by 4.60, 4.43, 7.03, 9.00, 7.43, 7.32, 4.38
and 2.10% in all converted trees from flood to
tested pressurized irrigation. Meanwhile,
increasing nitrogen rate from 800 to 1000 g N/
tree in experiment 2, decreased TSS by 4.69,
1.70 and 2.55% under converted trees from
flood to S1, S4 and S5, respectively. On the
other hand, the trees which were converted to S2
and S3 were increased by 0.84 and 4.38%,
respectively. Also further more in case of
increasing nitrogen rate from 1000 to 1200 ¢
N/tree/year, the percentage TSS in orange juice
was decreased by 0.48, 4.63, 5.49 and 1.26% in
all converted trees; except trees converted to S 5
where slight increase in TSS byl1.35% was
recorded.

Concerning potassium fertilization, the results
showed that increasing potassium rates from 330
to 500 g K/tree/year in experiment 1, increased
TSS by 2.01, 3.34, 2.00, 5.55, 3.2 and 5.13% in
all converted trees from flood to pressurized
irrigation systems except converted trees to S 5
and S 6 that not affected by potassium increases.
Whereas, in experiment 2 increasing potassium
rate from 330 to 500 g Ki/tree/year caused
significant increases in percentage of TSS in
orange juice by 1.87, 3.08, 7.25, 1.27 and 2.60%
in all converted trees and increasing K rate from
500 to 660 g Kiltreelyear, increased the
percentage of TSS by 2.15 and 1.73% in
converted trees from flood to S 1 and S 4,
respectively. In contrast, converted trees to S 3
and S 5 indicated decreases in TSS percentage
by 4.25 and 2.54%, respectively.
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Regarding to the effect of irrigation systems,
the results in experiment 1 cleared that
converting citrus irrigation system from flood to
different irrigation systems caused increases in
TSS percentage in orange juice by 9.81, 12.00,
10.60, 8.76, 14.54, 15.32, 13.49 and 3.24 % in
all converted trees. Also, in experiment 2
converting irrigation system from flood to tested
pressurized irrigation caused increases in TSS
percentage in orange juice by 8.64, 11.75, 9.68,
10.11 and 10.46% in all converted trees,
compared with non-converted trees (flood) as
standard commonly the percentage of TSS in
orange juice was markedly affected by irrigation
system and water distribution .These results
confirm those of Khalil et al. (2000) and Mostert
et al. (2000) working on several citrus species
and reported that the levels of TSS decreased in
the treatments that used more water, mainly due
to a dilution effect.

Studying the interaction between nitrogen
and potassium under converted trees from flood
to different pressurized irrigation systems, the
results showed that increasing potassium rate
from 330 to 500 g K/tree/year with application
of 800 g N/tree/year in experiment 1, increased,
TSS percentage by 2.60, 3.90, 1.31, 8.00, 1.26,
1.21and 4.28% in all converted trees except
trees converted from flood to S6, where there
was no effect. Increasing potassium rate from
330 to 500 g K/tree under application of 1000 g
N/tree/ year, increased TSS by 1.31, 2.76, 2.75,
2.83, 5.43 and 5.91% in all converted trees
except converted trees from flood to S5 where
there was decrease in TSS byl.34%. In
experiment 2, increasing potassium rate from
330 to 660 g K /tree under application of 800 g
N/tree/year caused significant increases in TSS
by 2.60, 1.31, 8.00, 1.33 and 1.21% in all cases,
but increasing potassium rate from 500 to 660 g
K/tree under 800 g N/tree/year, caused increase
in TSS by 2.54% in converted trees to S1
whereas the trees which converted to S2, S3 and
S5 revealed decreases in TSS by 1.29, 13.56 and
7.50%, Also increasing potassium rate from 330
to 500 g K /tree under application of the second
level of nitrogen (1000 g N/tree/year) increased
TSS in orange fruits by 1.31, 9.49, 13.92, 1.36
and 1.36% in all converted trees. Whereas
increasing K rate from 500 to 660 g K/tree/year
caused increases in TSS by 2.76, 1.26 and
2.60% in converted trees to S1, S2 and S3,
respectively but converted trees to S3 and S5
were not affected. Furthermore, under
application the highest level of nitrogen (1200 g
N/tree/year), increasing potassium rate from 330

to 500 g K/ tree/year increased TSS percentage
by 1.31, 1.38, and 5.43% in converted trees to
S1, S4 and S5, respectively, while converted
trees to S 2 caused decreases in TSS by 1.34%.
Increasing potassium rate from 500 to 660 g
K/tree under the same rate of nitrogen increased
TSS by1.38, 1.38 and 2.64% in converted trees
to S1, S3 and S4, whereas converted tree from
flood to S2 and S5, TSS in fruit juice was not
affected.

Total acidity (%) in fruit juice

Table 5, show the values of total acidity in
fruit juice as affected by application of different
rates of nitrogen and potassium through
converted irrigation system from flood to
pressurized irrigation systems. The acidity of
orange juice ranged between 0.42 - 0.68% in
experiment 1, and 0.42 — 0.71% in experiment 2.
The highest percentage of acidity was obtained
by treatment of 1000 g N and 500 g K/tree/year
under trees converted from flood to S 7 in
experiment 1, and 1200 g N with 330 g K/tree/
year in experiment 2. On the other hand, the
lowest value was obtained by treatment of 800 g
N and 500 g K/ tree under non converted trees
(flood irrigation) in experiment 1 and 1200 g N
with 660 g K/tree/year under non converted
trees (flood irrigation) in experiment 2.

Regarding the effect of nitrogen application
on total acidity in fruit juice, the results showed
that increasing nitrogen rate from 800 to 1000 g
N/tree/year in experiment 1 caused significant
increases in total acidity by 6.90, 16.36, 5.45,
3.77,1.79, 5.56, 1.52 and 4.08% in all converted
trees from flood to tested pressurized irrigation.
In addition, increasing nitrogen application rate
from 800 to 1000 g N /tree in experiment 2
increased acidity by 7.02, 4.92, 1.67 and 1.64%
in all converted trees, except converted trees to
S4 where the total acidity in fruit juice was not
affected. On the other hand, increasing nitrogen
rate from 1000 to 1200 g N/tree/year, increased
percentage of acidity in orange juice by 1.64,
3.28 and 12.90% in converted trees from flood
to S1, S3 and S5 whereas trees converted to S2
and S4, the total acidity in fruit juice was not
affected.

Concerning potassium fertilization, increasing
potassium rates from 330 to 500 g K/tree/year in
experiment 1 decreased total acidity by 13.85,
1.67, 3.4b5and 3.57% in converted trees from
flood to S1, S2, S5 and S6, respectively, while
converted trees to S3, S4 and S8, the total
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acidity in fruit juice was not affected by
potassium increases. In experiment 2, increasing
potassium rate from 330 to 500 g K/tree/year
decreased percentage of total acidity in orange
juice by 1.64, 1.56, 1.61, 5.97 and 1.54% in all
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converted trees. Also, increasing K rate from
500 to 660 g Kitree/year, decreased the
percentage of acidity by 3.33, 1.59, 1.64 and
4.76% in all converted trees except converted
trees in S5 was not affected.

Table 4. Effect of N, K and irrigation system on TSS percentage in fruit juice Washington navel

orange trees
a: Experiment 1

N rates K rates

Type of irrigation system (¢ )

g/tree/ gltree/ “\iicro Adjustable Micro jet T. dripper Micro jet T. dripper Two lines Open  Flood
year year gprinkler sprinkler insquare insquare incircle incircle dripper lines irrigation

(A) (B) (S1) (S2) shape shape shape shape (S6) (S7) (S8) (S9)

(S3) (S4) (S5)

800 330 12.67 12.83 13.00 12.50 1350 13.67 13.17 11.67 11.50

500 13.00 13.33 13.17 13.50 13.67 13.67 13.33 12.17 11.67

Mean 12.83 13.08 13.08 13.00 1358 13.67 1325 11.92 11.58

330 12.17 12.33 12.00 11.67 12.67 12.67 12.33 11.33 11.00

1000 500 12.33 12.67 12.33 12.00 1250 12.67 13.00 12.00 11.50

Mean 12.25 12.50 12.17 11.83 1258 12.67 12.67 11.67 11.25

Mean of K

K 330 1242 12.58 12.50 12.08 13.08 13.17 1275 1150 11.25

500 12.67 13.00 12.75 1275 13.08 13.17 13.17 12.08 11.58

G. Mean 1254 12.79 12.63 1242 13.08 13.17 1296 11.79 11.42
LSD A 0.19 B 0.15 C NS AB 0.21 AC 0.72 BC 0.72 ABC 1.02

b: Experiment 2

N rates K rates

Type of irrigation system (c)

gl/tree/ gltree/

Micro Micro jetin T.dripperin  Adjustable Two lines Flood

year —year  sprinkler circle shape circleshape  sprinkler  dripper irrigation
(A (B) (S1) (S2) (S3) (S4) (S5) (S6)
330 12.67 13.00 12.50 12.83 13.17 11.67
800 500 13.00 13.17 13.50 13.00 13.33 12.17
660 13.33 13.00 11.67 13.00 12.33 11.33
Mean 13.00 13.06 12.56 12.94 12.94 11.72
330 12.17 12.33 12.00 12.50 12.50 12.00
1000 500 12.33 13.50 13.67 12.67 12.67 11.50
660 12.67 13.67 13.67 13.00 12.67 11.67
Mean 12.39 13.17 13.11 12.72 12.61 11.72
330 12.17 12.67 12.33 12.33 12.33 11.00
1200 500 12.33 12.50 12.33 12.50 13.00 11.50
660 12.50 12.50 12.50 12.83 13.00 11.33
Mean 12.33 12.56 12.39 12.56 12.78 11.28

Mean of K

K 330 12.33 12.67 12.28 12.56 12.67 11.56
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500 12.56 13.06 13.17 12.72 13.00 11.72
660 12.83 13.06 12.61 12.94 12.67 11.44
G. Mean 12.57 12.93 12.69 12.74 12.78 11.57
LSD A 0.26 B 0.23 C 0.27 AB 0.40 AC0.47 BCO0.47 ABC 0.83

With regard to the effect of irrigation system,
the results in experiment 1 cleared that, converting
citrus irrigation system from flood to pressurized
irrigation systems caused significant increases in
acidity of orange juice by 30.43, 30.43, 21.74,
17.39, 23.91, 19.57, 43.48 and 8.70% under all
tested trees compared with non-converted trees.
Also in experiment 2, converting irrigation
system from flood to pressurized irrigation
systems increased total acidity in fruit juice by
27.66, 34.04, 29.79, 34.04 and 36.17% in all
converted trees, compared with non-converted
trees (flood) as standard.

Studying the interaction between nitrogen
and potassium in case of converting irrigation
system for citrus trees, results showed that in
experiment 1, increasing potassium rate from
330 to 500 g K/tree/year with application of the
first level of nitrogen (800 g N/tree/year) caused
significant decreases in total acidity percentage
by 15.87, 3.57, 1.82, 1.85, 3.51, 5.45, 1.52 and
4.00% in all converted trees. Whereas increasing
potassium rate from 330 to 500 g K /tree under
application of the second level of nitrogen (1000
g Nitreelyear) increased acidity by 1.56, 3.51,
3.70, 3.03 and 1.96% in all converted trees
except S1, S5 and S6 where there were decreases
in acidity by13.43, 3.45 and 3.45%. While in
experiment 2, increasing potassium rate from
330 to 500 g K /tree under application of 800 g

N/tree/year caused slight decreases in total
acidity by 3.33, 1.64, 1.67, 4.62 and 3.23% in all
converted trees. Also, increasing potassium rate
from 500 to 660 g K/tree/year under the same
rate of nitrogen, caused low decreases in acidity
by 6.90 and 1.61% in converted trees to S1 and
S4, while S2 and S3 not affected by increasing K
rate. Also increasing potassium rate from 330 to
500 g K/tree/year under application the second
level of nitrogen (1000 g N/tree/year) caused
decreases in total acidity in fruit juice by 1.61,
1.54, 3.17, 7.35 and 1.59% in all converted
trees. Increasing potassium rate from 500 to 660
g K/tree/year with the second level of nitrogen,
decreased the total acidity by 1.64, 1.56, 3.28,
6.35 and 1.61% in all converted trees. Also,
under application the highest level of nitrogen
(1200 g N/tree/year) with increasing potassium
rate from 330 to 500 g K/tree/year, decreased
total acidity percentage in fruit juice by 3.17,
1.54, 1.59, 7.35 and 1.41% in all converted trees.
Furthermore, increasing potassium rate from 500
to 660 g K/tree/year with the highest level of
nitrogen (1200 g N/tree/year) decreased acidity
by 1.56 and 6.35% in converted trees to S2 and
S4, while in converted trees to S1, S3 and S5,
the total acidity in fruit juice was not affected by
increasing potassium rate specially in the case of
application the highest level of nitrogen.

Table 5. Effect of N, K and irrigation system on acidity in fruit juice (%) of Washington navel

orange trees

a: Experiment 1

N rates K rates

Type of irrigation system (c)

g/tree/ gltree/  Micro Adjustable Micro jet T. dripper Micro jet T.dripper Two Open Flood
year year  sprinkler sprinkler insquare insquare incircle incircle lines lines irrigation

(A) (B) (S1) (S2) shape shape shape shape  dripper (S8) (S9)

(S3) (S4) (S5) (S6) (S7)

330 0.66 0.66 0.61 0.60 0.64 0.61 0.72 050 0.46

800 500 059 060 060 059 063 059 070 048 042

Mean 0.63 0.63 0.61 0.60 0.64 0.60 0.71 049 044

1000 330 0.70 0.70 0.63 0.61 0.65 0.63 0.73 051 050

500 0.66 0.71 0.65 0.63 0.64 0.63 0.75 052 044

Mean 0.68 0.70 0.64 0.62 0.64 0.63 0.74 051 0.47
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Mean of K

330 0.68 0.68 0.62
500 0.63 0.66 0.63
G. Mean 0.65 0.67 0.62

K

0.61 0.65 0.62 0.73 050 0.48
0.61 0.63 0.61 0.73 050 043
0.61 0.64 0.62 0.73 050 0.46

b: Experiment 2

N rates K rates Type of irrigation system (c)

gitree/ g/tree/ Micro Micro jetin T. dripper in Adjustable Two lines Flood
year year sprinkler circle shape circle shape sprinkler dripper irrigation

(A) (B) (S1) (S2) (S3) (S4) (S5) (S6)

330 0.60 0.61 0.60 0.65 0.62 0.50

800 500 0.58 0.60 0.59 0.62 0.60 0.48

660 0.54 0.60 0.59 0.61 0.61 0.48

Mean 0.57 0.61 0.60 0.63 0.61 0.49

330 0.62 0.65 0.63 0.68 0.63 0.52

1000 500 0.61 0.64 0.61 0.63 0.62 0.46

660 0.60 0.63 0.59 0.59 0.61 0.42

Mean 0.61 0.64 0.61 0.63 0.62 0.47

330 0.63 0.65 0.63 0.68 0.71 0.50

1200 500 0.61 0.64 0.62 0.63 0.70 0.46

660 0.61 0.63 0.62 0.59 0.70 0.45

Mean 0.62 0.64 0.63 0.63 0.70 0.47

Mean of K

330 0.61 0.64 0.62 0.67 0.65 0.51

K 500 0.60 0.63 0.61 0.63 0.64 0.46

660 0.58 0.62 0.60 0.60 0.64 0.45

G. Mean 0.60 0.63 0.61 0.63 0.64 0.47
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