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ABSTRACT

The present research was carried outin 1997 , 1998 , 1999 seasons on 5-
years old “Anna” apple trees budded on MM. 106 rootstock and grown in a loamy
sand soil at Desert Development Center (DDC) of the American University in Cairo
(AUC) Sadat Research Station (SRS), El-Menofeya Governorate . The objective of
this work was to study the effect of four irrigation treatments and three nitrogen levels
on the yield, fruit quality and saving irrigation water. The amount of irrigation water
applied to each tested tree based on soil-matrix-potential in the three irrigation
treatments (l1, |2 and I3) , and the control treatment.

The main results can be summarized in the following points:

1- Fruit vyield per tree was significantly lower in trees grown under low
irrigation rate. The yield increased positively with increasing N level and
irrigation rate.

2- Increasing irrigation rate as well as N level proportionally increased fruit
weight, length and diameter.

3- The concentration of anthocyanin in fruit skin, fruit firmness, TSS% in fruit
juice and the percentage of starch in fruits increased gradually with
decreasing irrigation rate.

4- Increasing N level caused a significant decrease in fruit firmness and
TSS% in fruit juice. On the other hand, the all used levels of nitrogen
fertilization had no effect on anthocyanin concentration in the fruit skin and
the percentages of total sugars, reducing sugars and starch in “Anna”
apple fruits.

5- The percentage of juice acidity proportionally decreased with decreasing
irrigation rate and N level.

6- The highest fruit yield was obtained from the trees grown under normal
irrigation rate (11) at the end of present study (1999) although, in 1999
season, the latter irrigation treatment used less quantity of irrigation water
(1934. 01 m°ffeddan) than the control (2559.53 m*/feddan) through the
entire season.

INTRODUCTION

Apple is ranking superior over many fruit crops that grown in Egypt.
The area subjected to apple plantation increased rapidly through the last two
decades from less than one thousand feddans in 1979 to more than 70
thousand feddans in 1997 producing 403 thousand tons of fruits (according to
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statistics of the Ministry of Agriculture and Land Reclaimation in 1979 and
1997). On the basis of total planted area of fruits in ARE, apples occupied the
fifth fruit crop in 1997. This rapid increase in the apple acreage is due to the
introduction of “Anna” apple variety (a hybrid between “Red Hadassiya” and
“Golden Delicious” apple varieties).

Most of the increase of the new established apple orchards
concentrated in Nubaria region (new cultivated area), where the total area of
apple orchards reached to 50400 feddan which considered 71.5% of the total
apple acreage in ARE. Inthese new cultivated regions, the drip irrigation is
the main system used to irrigate apple orchards, since saving water is
considered one of the main aims in these regions.

The present investigation was conducted on “Anna” apple trees
budded on MM. 106 recotstock in order to study the effect of applying the trees
with four irrigation rates and three nitrogen levels on yield, fruit quality and
save irrigation water.

MATERIALS AND METHODS

The present investigation was carried out during 1997, 1998 and
1999 growing seasons, on 5-year-old “Anna” apple trees (Malus domestica,
Brokh) budded on MM. 106 rootstock, in order to study the effect of different
drip irrigation treatments combined with three nitrogen fertilization levels on
the yield, fruit quality and saving irrigation water.

The experimental trees spaced at 3.5 x 3.5 meters apart and grown
in the Desert Development Center (DDC), American University in Cairo
(AUC), at Sadat Research Station (SRS), El-Menofeya Governorate.
“Dorsette Golden” apple variety was planted as a pollinator. The physical and
chemical analysis of the experimental orchard soil were conducted before
starting these experiments in 1996. Four soil layers, reached to 150 cm
depth, were distinguished and the percentages of sand, clay and silt were
ranged from 84-86.2%, 8 .9-10.3% and 4.8 - 5.3%, respectively. In addition,
chemical analysis of soil samples showed that its pH was 7.05 - 7.29, EC =
1.81 — 2.47 ds/m and CaCos; = 5.8 — 13.8%. Thus, the soil texture was
classified as loamy sand with pH =7.2. The chemical analysis of irrigation
water [according to Chapman and Pratt, 1961] cleared that pH was 7.4,
sodium absorption ratio (SAR) = 2.6 and EC = 0.94 ds/m. The organic
manure samples were taken yearly in November, dried and chemically
analyzed. The average N, P, K, Caand Mg content of manure was 1.65 —
1.72 , 0.71 - 0.73,0.77 - 0.81, 2.88 - 2.94 and 1.28 - 1.32%, respectively,
on the dry weight basis. The corresponding concentrations of Fe, Mn , Zn and
Cu  were ranged from 540 — 553, 29-34, 122-130 and 48 - 55 ppm,
respectively. There was one line of drip irrigation for every row of the trees,
with 2 emitters per tree (12 L/h for each) installed in a location opposite to
tree trunk at distance of 35 cm of tree trunk. The trees received the same
cultural practiecs as usually done in this orchard.

Seventy two trees, as uniform as possible, were selected at random
for this study. The trees were planted in eight rows each of nine trees. Within
the row, the trees were devided into three groups, and each group received
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one of the three fertilization treatments. Such selected trees were under three
irrigation treatments plus control one. The treatments were arranged in a
randomized complete block design with six replicates for each treatment,
using one tree as a single replicate (twelve treatment x  six replicates =
seventy two trees). The main factor was the irrigation treatments, and the
submain factor was the fertilization treatments. The treatments were laid out
as split in complete randomized design. The statistical analysis was done
according to SAS (1889). The trial was repeated for three consecutive
seasons on the same trees in 1997, 1998 and 1999.

Irrigation treatments

In order to calculate water requirements of trees, a retention curve
of the soil was made by determining the soil moisture in samples taken at
every 15 cm from the soil surface to 120 cm depth at bars from 0.0 t0 0.8
bars according to Black (1965).

For every irrigation treatment (except the control) a mercury
manometer was used to monitor the irrigation treatments. The manometer
was located beside one of the two emitters and on 45 cm soil depth. When
the mercury reached the detected soil matrix potential, the irrigation started
and the manometer was readjusted after every irrigation. The irrigation
treatments for the three years were as follows:

l, (Normal irrigation treatment): Each tree received 30, 40 and 60 litres of
water in 1997, 1998 and 1999, respectively, when the soil matrix
potential reached to 0.1 - 0.3 bars. :

I, (Medium irrigation treatment): Each tree received 25, 34 and 53 litres
of water in 1997, 1998 and 1999, respectively, when soil matrix
potential reached to 0.3 — 0.5 bars. '

I3 (Deficit irrigation treatment): Each tree received 22, 29 and 46 litres of
water in 1997, 1998 and 1999, respectively, when soil matrix potential
reached to 0.5 - 0.7 bars.

l4 (Control treatment): Each tree received 72, 72 and 84 litres of irrigation
water in 1997, 1998 and 1999, respectively.

In addition, each tree was supplied with leaching requirements (6%)
to the applied quantity of water/tree to every fourth irrigation (except for the
control treatment).

Fertilization treatments

Each fertilizer was added to each tree during irrigation. There were
three different nitrogen treatments for “Anna” apple trees in addition to
supplying the trees with a constant dose of potassium sulphate 8352 , 484
and 761 gm) and orthophosphoric acid (80 , 110and 172.8 cm”) in 1997,
1998 and 1999 seasons, respectively. Thus, the added doses differed in the
three years of experiment according to the size of tree and the quantity of
irrigation water supplied to it. In addition, tree growing season was divided
into three periods each as follows: from mid February to end of March, from
first April to end of June and from first July to end of September. in each
period, the fertilizer was dissolved in one litre of water and applied in a circle
(70 cm in diameter) around the tree trunk. The doses of ammonium nitrate
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supplied was 325, 405.6 and 487.6 gm/tree in 1997, 442.0 , 552.5 and 663
gm/tree in 1998 and 702.0 , 877.5 and 1053 gmi/tree in 1999 for the first,
second and third nitrogen treatment, respectively. The total amount of
manure, which added (in December) to each experimental tree was 10
kgs/tree in either 1997 or 1998 and increased to 15 kgs/tree in 1999. In
addition, from the beginning of April, the trees were sprayed with a solution of
chelated Fe, Mn and Zn at 0.75, 0.33 and 0.17 gm per litre, respectively. The
spray was repeated every month till the end of September.

1. Yield

The average fruit yield per tree was estimated by using the average
number of fruits per tagged branches of each tree and multiplying them by
the total number of branches per tree x average fruit weight (gm) at
harvested time (on June 27" in each year).

2. Fruit quality

A sample of ten fruits was harvested on June 27" from each
experimental tree to determine the different characteristics of fruit quality.
Fruit weight, length and diameter were measured in each sample. In addition,
four fruits of each experimental tree were used to determine the fruit firmness
by Magness and Taylor (1925) pressure tester using a 5/16 plunger. Two
readings were taken at two different positions on the flesh of each fruit after
peeling; i.e. 8 readings /each sample. The anthocyanin pigment content of
the apple peel tissues was determined according to Geissman (1962). The
optical densities of the extracts were measured by a Carle Zeiss photoelectric
colorimeter at 530 n m. Anthocyanin was expressed as O.D/g of fresh
weight. The percentage of total soluble solids (TSS%) in the fruit juice was
determined by a hand refractometer . Fruit juice acidity was determined
according to the A.O.A.C. (1980),by titration with 0.1 N sedium hydroxide .
Acidity was expressed as percent of malic acid in fruit juice.

To determine the charbohydrates in the fruit pulp tissues , four fruits
from each replicate were washed separately with distilled water, cutinto
small pieces by a clean knife , mixed well and then dried at 70°C in an air
drying oven. A 0.5 gm of ground dried material was used to extract the
reducing and total sugars of each replicate by distilled water. The reducing
and total sugars were determined by Nelson-arsenate molybdate colorimetric
method (Malik and Singh, 1980) before and after hydrolysis with concentrated
HCL. Starch content was determined in the residue remaining after sugar
extraction. A 0.1g of the residue was hydrolyzed with concentrated HCL for
three hours under reflex condenser according to A.O.A.C.,(1980), and the
reducing potential of the hydrosate was determined by the arsenate-
molybdate method. A factor of 0.9 was used to calculate starch
(Woodman,1941). The different carbohydrate fractions were expressed as
percent on dry weight basis.
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RESULTS AND DISCUSSION

1. Yield:

As for the effect of the different irrigation treatments on the average fruit
yield, irrespective the effect of different N levels, the data in Table (1)
revealed that the highest significant average fruit yield was obtained from the
trees grown at control followed by those grown at l;in 1997 and 1998. The
same trend appeared in 1999 but the average weight of yield per tree
significantly increased in |, treatment, as compared with thatin the control.
These results agreed with those of Higgs and Jones (1991), who found that
the drought decreased fruit yield of apple trees. Meanwhile, Velickovic and
Jovanovic (1993) reported that the irrigation significantly increased the yield
of apple trees. Similar findings were mentioned by Hipps (1997), who noticed
that the fruit yield of apple trees was increased by irrigation. Moreover,
Treder and Czynczyk (1997) found that, the total yield of irrigated apple trees
was higher than unirrigated trees.

Table (1): Effect of irrigation and nitrogen fertilization treatments on the
average fruit yield per tree (Kgs) of "Anna" apple trees in
1997 , 1998 and 1999 seasons.

{Fertilization Irrigation treatments |
|Levels Iy [ 1, | 13 [ Control | Auerags
1997 i
N, 12.53° ' 8.20° 85T | 52T 104y
N, 15.53% 10.38' -5 e o & et 12.15°
= N; 20.22° 12:09* 540" 2. Z447* 4 1543"
i Average | 16.09° | 10.27 ° S51Y 1 1879 . |=1245"
Irrigation Fertilization Interaction | 15.43°
L.S.D. (0.05) 1.215 0.911 1821 |
| 1998 |
‘ | 1078° 11.55' | 625° 245" Lyapnie
Ny 21.90° ! | 548° | 2392 16.02°
e g a .
N, 25.92 17.08 : 450 26.72 1855 °
Average 22°53° 13.80° = 541" 24.36°
| Irrigation Fertilization Interaction
LSD. (005 | 47003 0.876 1752
\ 1999
[isE o L t ot
| N 27.94 14.38 8.46° 27.23 | 1063°
! N, | 08T Ho= 7.45° 2854% | ,oeeo
a | e g i .
N, | 35.18 i 19.76 6.36 { 32.25 | 23a9°
Average | 31.25° [ 216,897 e ey B
Irrigation Fertilization Interaction
L .00 1.339 1.357 2.714

The values followed by the same letter do not differ at 5% level of significance.

Concerning the effect of the different N levels on the yield,
irrespective the effect of irrigation treatments, the data in the same table
indicated that the highest significant fruit yield was obtained from the trees
grown at the high nitrogen level (N3) during 1997 and 1998. In 1999, the
same trend was found but the difference between N, and N; levels was not
big enough to be significant. These findings were in line with those obtained
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by Yoshioka et al, (1989), who found that the yield of apple trees increased
with increasing nitrate concentration in nutrient solutions. Dencker (1992 )
reported that apple trees received N fertilization showed a significant
increase in yield as the level of N was raised. Likewise, Maula et al., (1996)
found that the fruit yield of “Red Delicious” apple trees was the highest at the
highest N rate and it was the lowest in the unfertilized control.

2. Fruit quality
2.1 Physical properties
2.1.1 Fruit weight

Concerning the effect of the different irrigation treatments on the
average fruit weight, irrespective the effect of the different N levels, the data
in Table (2) indicated that the highest significant fruit weight was found in the
control and |; treatments in the three seasons. These findings agreed with
those of Pacholak (1986), who mentioned that the irrigation increased fruit
weight of “James Grieve” apple. Similarly, Rakicevic (1989) reported that the
irrigation increased fruit weight of “Golden Delicious” apple.

Table (2) : Effect of irrigation and nitrogen fertilization treatments on

the average fruit weight (gm) of "Anna" apple trees in

1997 , 1998 and 1999 seasons.
Irrigation treatments

T 1

"Fertilization |

B e e . | B [ Control | /\Ve™49¢ |
| ; 1997 . |
Ni [ 8658 [ 75.92° 57.08 f 89.00> | 77.15° |

Nz | 87e7™ | 78.80°% 56.75 " 93.17° 79.10’*"‘

' N3 | 92.33° | 8167% | 4942f 102.17% | 81.41°
| Average | 88.86° | 7879° | _ 5442° 94.78° |
|, L8R Irrigation Fertilization Interaction \
| {0.05) 4.700 3.909 7.819 .
1998 l

N4 9683~ | 8550° | 5867 10000 | 85.25° |

| N2 | 103.00% | 9000° | 5833’ 104.00° | 88.83° |
Ns | 11400° | 9200°% 54.17" 117.33° | 49.38° |

Average | 104.61° | 89.17° 57.06° 107.11°
" Irrigation Fertilization Interaction

(L8 008 78 3.350 6.701 |
p 1999 |

Ny g 12917 | 100.00° , 80.00° 125.00° | 108.54°

N2 | 13438° | 104.18% | 7292 131.17> 11066 >

N3 | 14583° | 11042° | 66.67' 140.08* | 115.75°
Average | 136.46° | 10487° |  73.19° 132.08° ;
| lrrigation Fertilization Interaction f

i-5:0. 008} “g1an 4.316 8.633 |

‘The values followed by the same letter do not differ at 5% level of significance.

Regarding the effect of the three nitrogen levels on the average fruit
weight, irrespective the effect of irrigation treatments, the data in Table (2)
indicated that the highest significant fruit weight was produced from trees
under the high nitrogen level (N3) in the three seasons. These results were in
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line with those obtained by Yoshioka et al., (1989), who found that fruit
weight of apple trees increased with increasing nitrate concentration in the
nutrient solutions.

2.1.2  Fruit length
As for the effect of irrigation treatments on the average fruit length,

irrespective the effect of different N levels, the data in Table (3) indicated that
the lowest significant value was found in l;. These results agreed with those
obtained by Hussein (1998), who mentioned that fruit length of “Anna” apples
on MM. 106 rootstock significantly decreased with water reduction.

Table (3): Effect of irrigation and nitrogen fertilization treatments on
the average fruit length (cm) of "Anna" apple trees in 1997,
1998 and 1999 seasons.

Eertilization Irrigation treatments Avaritie
Levels 4 | I2 | I3 | Control v
1997
N 502> 561" 5.029 5.06 = 562°
N2 6.16 ° 578°% 493° " 5, T 577°
N3 6.38 * 5.80 4.86° 6.56 * 5.90 ®
Average 6.16" 573" 4.94° 6.25°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.152 0.139 0.279
1998
Ny 625° | S547° 5.38 ¢ 6.41° 5.88 ¢
N2 6.30 « 5.66" 526" 6.73° 5.99°
N3 6.79° 5.89° 5.06" 7.34° 6.27°
Average 6.45° 5.67° 523° 6.82°
=50 Irrigation Fertilization Interaction
(0.05) 0.081 0.049 0.098
1999
Ny 6.87 % 6.20 % 6.03f 6.85 < 6.49°
N2 7.05°% 6.27°% 5.58 ¢ 7.00 > 6.48 2
N3 7.53° 6.52 % 5.02" 3 6.59 °
Average 7.45° 6.33° 5.54 705"
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.224 0.199 0.399

The values followed by the same letter do not differ at 5% level of significance.

As for the effect of the different N levels on the average fruit length,
irrespective the effect of irrigation treatments, the obtained data in Table (3)
indicated that trees grown at high nitrogen level (N;) had the higher average
fruit length, as compared with the moderate and low N levels. These findings
agreed with those obtained by Hipps (1997), who reported that the N fertilizer
increased the mean fruit size of the apple trees.
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2.1.3. Fruit diameter

Concerning the effect of the different irrigation treatments on the
average fruit diameter, irrespective the effect of the different N levels, it was
significantly higher in the control and | treatments, through the three seasons
(Table 4). Gergely and Farago (1985) reported that water deficit reduced fruit
diameter of “Jonathan” apple trees. In addition, Naor et al., (1997) found that
irrigation treatments increased the fruit diameter in “Golden Delicious” apple
trees.

Table (4) : Effect of irrigation and nitrogen fertilization treatments on the
fruit diameter (cm) of "Anna" apple trees in 1997, 1998 and
1999 seasons.

Fertilization Irrigation treatments

Levels ks [ 12 | s [ Control Average
1997
Ny 5.37° 5.09° 468° 545° 5.15°
N2 5.41° 5.26 % 461° 5.73° 5.25°
Ns 571° 5.35° 451° 6.32° 547°
Average 5.49° 523° 461° 5.83°
L.S.D. Irrigation Fertilization Interaction
~(0.05) 0.123 0.115 0.230
1998
N; 541°% 5.08 f 453° 549 > 513°¢
N2 5.56 > 522" 451° 5.65° 5.23°
N3 595 527 % e - 5.96° 5.33°
Average 5.64° 5.19° 441° §71°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.112 0.087 0.173
1999
Ny 6.37 563 5407 6.15 > 5.89°
N2 6.47 ** 577 532" 833™ 597 %
N3 6.83° 8™ 490" 6.63 % 6.11°
Average 6.56 * 5.81° 521° 6.37°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.171 0.195 0.391

The values followed by the same letter do not differ at 5% level of significance.

Concerning the effect of the three nitrogen levels on the average fruit
diameter, irrespective the effect of irrigation treatments, the data in Table (4)
indicated that the fruit diameter was significantly higher for the trees grown at
the high nitrogen level (Ns) and the values gradually were decreased with
decreasing nitrogen level in the three seasons. Raese and Drake (1997)
reported that fruit size of apples cv. “Fuji” increased with increasing N rate.

2.1.4 Fruit firmness

Regarding the effect of the different irrigation treatments on the fruit
firmness, irrespective the effect of different N levels, the data in Table (5)
cleared that the highest fruit firmness was found in trees grown under |5
followed by |, , |; and control in the three seasons.
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As for the effect of the three nitrogen levels on the fruit firmness,
irespective the effect of irrigation treatments, the data of both 1997 and 1999
indicated that there was no effect for N levels on fruit firmness, however, the
fruit firmness in N3 level was significantly higher than that in Ny or N, in 1998
season (Table 5).

Table (5) : Effect ofirrigation and nitrogen fertilization treatments on
the fruit firmness {Iblinch’) of "Anna" apple trees in 1997,

1998 and 1999 seasons.
[ Fertilization | Irrigation treatments =
_ Levels | R Iz e S 0 W it
‘ Ny l 9.82% | 10.33° = g B s 9457 10.33°
|| N | 928! | 1048 l 12.48° 0.03° | 1025°
N3 | 903 ; 10.03 14.28 8.53 10.47°
Average 9.38° | 10.18° BT 9.01°
| L.S.D. . Irrigation Fertilization Interaction |
| (0.05) | 0.364 0.259 0518 |
i = 1998
|
| f e T d b
| Ny [ 940" 10.28° [ 13.78: 9.22° 1067
LNz 932° | 10.10 | 14437 9.13% 10.75°
| Ns 8.78 9.93 | =473 8.28 11.03
" Average |  9.17° 01" | 15.12° 8.88 °
i L.S.D. | Irrigation Fertilization Interaction
. (0.05) | 0.411 0.266 0.532
= ; 1999
o e T G psY 11.50“"_} 12.13°
o Char 12.26™ ;- dy 11.25% | 11.96°
N3 10.83" | D gr™ 13.58 10.92° | 11.88°
Average ERT | 1231 Foigea® U 3182
L.S.D. Irrigation Fertilization Interaction
(0.05) 1.173 0.598 1.196

The values followed by the same letter do not differ at 5% level of significance.

2.2
221

Biochemical constituents

Fruit skin anthocyanin

As for the effect of irrigation treatments on the fruit skin anthocyanin
content, irrespective the effect of the different N levels, the results indicated
that trees grown at I3 had significantly the highest concentration of
anthocyanin in the fruit skin, as compared with that in the other irrigation
treatments (Table 6).

Regarding the effect of the three tested nitrogen levels on the fruit
skin anthocyanin content, irrespective the effect of irrigation treatments, the
obtained data showed that the values of anthocyanin content of fruits
resulted from the trees grown at the three nitrogen levels almostly the same
with no significant differences through the three seasons of study (Table 6).
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Table (6) : Effect of irrigation and nitrogen fertilization treatments on the
concentration of anthocyanin in the fruit skin (0.D/g) of
"Anna" apple trees in 1997, 1998 and 1999 seasons.
Fertilization Irrigation treatments

Levels Iy | I2 | I3 | Control e
1997
N 052° 0.58 * 0.66 * 0.32° 0.52°
N2 0.50° 0.58 * 0.69° 0.30° 052°
N3 0.50° 0.58 ® o72° 0.31°¢ 0.52°
Average 0.51° 0.58"° 0.69° 0.31°
Irrigation Fertilization Interaction
LS.D. (0.05) "yo75 0.082 0.165
1998
N1 046° 051° 0.57° 034° 0.47°
Nz 0.46° 0.49° 0.59° 0.32° 0.46°
N3 0.45° 0.49° 0.61° 0.30°¢ 0.46°
Average 0.45° 0.49° 0.59 ° 032"
Irrigation Fertilization Interaction
LS.D.(0.05)] 4450 0.032 0.064
1999
N4 0.52“ 0.57 75 052 0.56 °
N: 0.50¢ 0.54 0.68 * 0.50¢° 0.56 *
Ni 0.50° 0.53“ 0.70* 0.51° 0.56 °
Average 0.51° 0.54° 0.67° 0.50°
Irrigation Fertilization Interaction
LS.D. (0.05) "4 04 0.064 0.128

The values followed by the same letter do not differ at 5% level of significance.

2.2.2 Fruit total solubie solids (TSS %)

In view of the effect of irrigation treatments on the TSS %,
irrespective the effect of different N levels, the data in Table (7) indicated that
there was a gradual decrease in fruit TSS % parallel to the increase of
irrigation rate. The statistical analysis confirmed that the differences among
the different irrigation treatments were significant between the control and |4
in all seasons of study. The negative relationship between irrigation rate and
juice TSS % of apple fruits in the present study are supported with those
obtained by Pacholak (1986), who mentioned that the irrigation reducd fruit
soluble solids content of “James Grieve” apple cultivar. Mills et al., (1996)
found that deficit irrigation increased TSS% in fruit juice of “Braeburn” apple
trees on MM. 106 rootstock.
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Table (7) : Effect of irrigation and nitrogen fertilization treatments on
the percentage of fruit total soluble solids (TSS%) of
"Anna" apple trees in 1997, 1998 and 1999 seasons.

Fertilization Irrigation treatments
levels Iy | gl? I3 [ Control Average
1997
Ns 12.42° 13.12° 15502 12.05°¢ 1307
N2 12.45° 13.47° 15.60 2 12.25¢ 13.372%
N3 12.48° 13.28° 16.05° 12.33°¢ 13.54°
Average 12.45° 13.19° 15.72 ° o
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.271 0.310 0.620
4 1998
Ny 1187% T % - 14.35° 1155° 12.48°
N; 12.05% o 14.70° 11.55° 12.63°
Na 1210% 12.47 ¢ 15.32° 11.88 % 12.04°
Average 12.01™ 12.28° 14.79° 11.66
L.S.D. Irrigation Fertilization Interaction
| (0.05) 0.458 0.218 0.437
1999
N 12.00° 1207 13.10% 1210 12.54°
N2 1237 13.03 ™ 14.03° 12.47 > 12.98°
Ni 1277 12132 14.53° 1283 {3.32"
Average 12.38 ¢ 13.04° 13.89° 12.47°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.465 0.381 0.763

The values followed by the same letter do not differ at 5% level of significance.

Concerning the effect of the three nitrogen levels on the TSS% of
fruit, irrespective the effect of irrigation treatments, the data indicated that the
TSS% was increased as N level increasing, in the three seasons (Table 7).
These findings were supported by those obtained by Kumar and Singh
(1995), who found that TSS% of fruits of “Red Delicious” apple trees
increased with increasing N rate. On the contrary, Raese and Drake (1997)
found that the fruits of “Fuiji” apple cultivar had higher TSS% at lower rates of
N, as compared with fruits from the high N treatments.

2.2.3 Fruit acidity

Regarding the effect of irrigation treatments on fruit acidity,
irespective the effect of different N levels, the data in Table (8) showed that
the highest significant juice acidity was noticed in the friuts that produced
from the trees grown at control and |,, through the three seasons. These
findings are in line with those stated by Kato et al., (1985), who found that the
fruit content of malic acid was low in non irrigated apple trees. On the
contrary, these results disagreed with those of Mills et al., (1996), who found
that the fruit acidity of “Braeburn” apple trees was higher in deficit irrigation
than control (fully watered).
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Concerning the effect of the three experimental nitrogen levels on the
fruit acidity, irrespective the effect of the irrigation treatments, the data in
Table (8) showed that the trees grown at the high nitrogen level recorded
fruit acidity % significantly higher than those of the trees grown at N; in the
three seasons. These findings were in line with those obtained by Szafranek
(1976), who found that total acidity of apple fruits was increased as a result of
fertilization with urea. Otherwise, Klein and Spieler (1987) found that the N
fertilizer had no consistent effect on fruit acidity of “Anna” apples. Byun et al.,
(1989) reported that fruit total acidity of “Fuji" apple trees were not affected by
N application.

Table (8): Effect of irrigation and nitrogen fertilization treatments on the
percentage of fruit acidity of "Anna" apple trees in 1997,
1998 and 1999 seasons.

Fertilization Irrigation treatments
Levels 4 | g I2 | I3 [ Control Awerage
1997
Ny 0.41° 0.33° 0.28° 0432 0.36°
N2 0.42° 0.35° 0.29° 0.43° 037%®
N3 0.42° 0.37° 0.29°¢ 0.44° 0.38°
Average 0.42° 0.35° 0.29° 0.43°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.045 0.018 - 0.037
1998
Ny 0.54° 0.43° 0.29° 0.55° 0.45°
N2 0.55° 0.43° 0.31° 0.56° 0.46°
N; 0.58 ° 0.52° 0.34° 0.60° 051°
Average 0.56° 0.46° 031° 0.57°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.045 0.041 0.082
1999
N4 0.55 > 0.39° 0.38° 0.54° 0.46°
N2 0.56 % 041° 0.40° 0.55* 0.48 *
N3 0.58 * 0.41° 0.40° 057 0.49°
Average 0.56 ° 0.41° 0.39° 0.55°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.022 0.019 0.037

The values followed by the same letter do not differ at 5% level of significance.

2.2.4 Fruit content of total sugars
As for the effect of the different irrigation treatments on the total
sugars content, irrespective the effect of the different N levels, the data in
Table (9) cleared that the value was proportionally decreased as the irrigation
rate decreased. The statistical analysis indicated that, the fruit total sugars
content in the trees grown at deficit irrigation (I;) was significantly lower than
in the other irrigation treatments, in the three seasons.
Regarding the effect of the different N levels on the fruit content of the
total sugars, irrespective the effect of the irrigation treatments, the data in
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Table (9) cleared, that the applied N levels had no significant effects on the
fruit content of the total sugars, through the three seasons. These findings
agreed with those of El-Morshedy (1997), who found that increasing N rate
applied to “Anna” apple trees had no effect on total sugars of the fruits. On
the other hand, the present results disagreed with those obtained by
Yoshioka et al., (1989), who found that fruit sugar content of apple trees
increaed with increasing nitrate concentration. Also, kumar and Singh (1995)
mentioned that fruit total sugars content of “Red Delicious” apple trees
increased with increasing N rate.

Table (9): Effect of irrigation and nitrogen fertilization treatments on
the percentage of fruit total sugars content (on dry weight
basis) of "Anna" apple trees in 1997, 1998 and 1999

seasons.
Fertilization Irrigation treatments
lovels h | —lgz i Is [ Control FORNENge
1997
N; 4724%® 4252™ 37.86 47.45 > 43.77°
N2 48.74% 4424 *° 33.10° 50.88 * 44.24°
N3 4917 45.42 *° 31.28 ¢ 51.20* 4426°
Average 48.38° 44.06 ° 34.08° 49.84°
L.S.D. Irrigation Fertilization Interaction
(0.05) 7.280 3.922 7.850
1998
Ny BSOS | 400 38.05° | 49.05°° 44.66°
N2 4951 % 4493 3439' 50.43 > 44.81°
Ni 51.80 * 46.30 ™ 33.01' 53.18 2 46.07°
Average 49.91° 44.78°° 3515" 50.89 °
LS80 Irrigation Fertilization Interaction
(0.05) 7.504 3.405 6.814
1999
Ny 57.30 > 5272 49977 55.93 °° 53.98 °
N2 g™ 54,09 48.59" 56.85 54.44°
N; 60.06 ° 55.01 > 4722 57.30 ** 54.91°
Average 58.53° 53.94" 48.59 56.69 °
LS5.D. Irrigation Fertilization Interaction
(0.05) 2324 1.714 3.430

The values followed by the same letter do not differ at 5% level of significance.

2.2.5 Fruit content of reducing sugars

Concerning the effect of the different irrigation treatments on the fruit
content of reducing sugars, irrespective the effect of N levels, the data in
Table (10) indicated that the higher significant values of the reducing sugars
content were found in fruits that produced from the trees grown at high
(control) and normal irrigation rate (I;) in the three seasons.

As for the effect of the different N levels on the reducing sugars of
fruits, irrespective the effect of irrigation treatments, the data revealed that
with increasing the nitrogen level the reducing sugars contentin the fruits
proportionally increased (Table 10). These findings agreed with those
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obtained by Helm and Ludders (1982), who found that increasing nitrogen
nutrition, generally, increased fruit glucose and fructose of “Cox's Orange
Pippin” apples. On the other side, El-Morshedy (1997) found that increasing
N rate applied to “Anna" apple trees had no effect on fruit reducing sugars.
On the contrary, Raese and Drake (1997) reported that fruits of “Fuji" apples
exhibited higher fructose content at lower rates of N, as compared with fruits
from the high N treatments.

Table (10) : Effect of irrigation and nitrogen fertilization treatments on
the percentage of fruit reducing sugars content (on dry
weight basis) of "Anna" apple trees in 1997, 1998 and
1999 seasons.

Fertilization Irrigation treatments
Levels Iy [ I2 # I3 | Control Average
1997
Ny 7.35° 743" 7.04° 7.38° 722*
N2 7.53° 7:18° 7.03° 8.48° 7.56°
N3 7.63° o 6.94° 8.62° 7.60°
Average 7.50° 7.18™ 7.00° 8.16 °
Irrigation Fertilization Interaction
LSD. (0.05) "7 0.401 0.803
1998
N 13.06 © 11.359 10.81%" 1360 ™ 20"
N 13.33° 11.80° 10.36 " 13.69 % 12.30°
Ns 1423 1243 9.82' 14.77° 12.81°
Average 13.54° 11.86° 10.33° 14.02°
L.S.D. Irrigation Fertilization Interaction
(0.05) 0.805 0.341 0.682
1999
Ny 1360° 1018 10.18™ 1361° 11.89°
N2 14.86° 10.90 > 964° 14.32° 1243 %
Nj 15.04 * 11.62° 9.55° 14.45° 12.67°
Average 14.50 ° 10.90° 9.79° 14.12°
L.S.D. Irrigation Fertilization Interaction
(0.05) 1.486 0.780 1.561

The values followed by the same letter do not differ at 5% level of significance.

2.2.6 Fruit starch content

Regarding the effect of the different irrigation rates on the percentage
of starch in fruits, irrespective the effect of N levels, the data in Table (11)
indicated that the fruit of the trees grown under the lowest irrigation rate (I3)
had a significant higher starch content than that in the other irrigation
treatments, during the three seasons. Kato et al., (1985) mentioned that fruit
starch content of “Starking Delicious” apple trees was not affected by
irrigation or non-irrigation treatments.

2444



J. Agric. Sci. Mansoura Univ., 27(4), April, 2002

Table (11): Effect of irrigation and nitrogen fertilization treatments on
the percentage of fruit starch content (on dry weight
basis) of "Anna" apple trees in 1997, 1998 and 1999

seasons.
Fertilization Irrigation treatments ALIEN ‘]
g
Levels Iy I I ls [ Control l
1997
N 25.49 = 29.14 3359 & 2378°% 28.00°
N; 23567™ 28.49 @ 3492% 20.35° 26.62°
N; 23.14* 26.78 35.56 * 20.14° 26.03°
Average 24077 27.64° 3469° 21.14°
L.S.D. Irrigation Fertilization Interaction
(0.05) 5.888 3.181 6.364
1998
N 22.06° 2635 28.92 ** 2.78° 25.28°
N; 2164° 24.85° 3363 % 2250° 25.65°
N 21.21°¢ 24.44° 3535 22.06° 25.47°
Average 2164° 24.82° 3263°% 2278°
L.S.D. Irrigation Fertilization : Interaction
(0.05) 7.452 3.867 7.737
1999
N, 14.78° 17.57 = 1843 % Ba” | 678"
N; 14.78 ¢ 16.71 19.51° 1542 16.60 °
N; 1457° 16.28 * 19.71° 14.78° 16.33°
Average 1471° 16.85° 19.21° 549%™ |
L.S.D. Irrigation Fertilization Interaction
{0.05) 2.110 1.204 2.409

The values followed by the same letter do not differ at 5% level of significance.

As for the effect of the three N levels on the percentage of starch in
fruits, irrespective the effect of the different irrigation treatments, the data of
the three seasons indicated that nitrogen level had no effect on the fruit
starch content (Table 11).

3. Saving water

The highest quantity of irrgation water applied to each tree or feddan
was found in the control treatment followed at descending order by | , I, and
l; (Table 12).
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Table (12): The total quantity of irrigation water applied to each “Anna”
apple tree and per feddan in the different irrigation
treatments during 1997, 1998 and 1999 seasons.

Total amount of | Total irrigation water
Year Irrigation treatments | irrigation water per = per feddan/season
tree/season (liters) (m%)
4 3428 1172.376
P 1283 438.786
L la 734 251.028
control 6416 2194.272
I 4008 1370.736
Iz 1606 549.252
e I3 820 280.440
control 6416 2194.272
4 5655 1934.01
I 2589 885.438
b I3 1270 434.340
control 7484 2559.528

From the mentioned data in Table (12) it was cleared that saving water
as compared with the control treatment reached to 46.5, 80.0 and 88.6 % in
1997, 37.53 , 74.97 and 87.22% in 1998 and 24.44 , 65.41 and 83.03% in
1999 for |, , I; and |5 treatments, respectively. This saving water occurred as
a result of the well distribution of the irrigation frequencies during the ten
months started from February till November in the three experimental
seasons (Table 13).

Table (13) : The quantity of irrigation water applied to each “Anna”
apple tree ( in liters) in the different irrigation treatments
during the months from February till November in 1997 ,

1998 and 1999 seasons.
Year t:_:;%?‘t?‘?s Feb.|/Mar. | Apr.| May |[June|July |Aug.|Sep. | Oct. |Nov. | Total
I 91 | 241331 [ 511|451 | 511|481 361|270 | 180 {3428
[P 51 | 76 | 126|151 | 176|176 | 151 {126 | 150 | 100 {1283
1997 K] 45 | 45 [133| 89 | 89 [ 89 | 67 | 45 | 66 | 66 | 734
Control 649 | 649 | 649 | 649 | 649 | 649 | 649 | 649 | 648 | 576 (6411
I 121 321|441 | 521|481 | 521 | 521 | 481 | 360 | 240 {4008
[P 69 (103|137 (171239205 [171 205|170 | 136 |1606
1998 I3 59 | 59 | 88 | 117 | 88 [117| 88 | 88 | 58 | 58 [ 820
Control 577|649 | 721 | 505 | 649 | 649 | 721 | 577 | 720 | 648 [6416
4 187 | 403 | 790 | 852 | 790 | 666 | 790 | 527 | 387 | 263 |5655
Iz 107 [ 120 | 279|332 | 345 | 279 | 345 | 279 | 278 | 225 [2589
1999 I3 93 | 104 | 139|150 (150 | 150 | 139 | 104 | 149 | 92 [1270
Control 673 | 757 | 673 | 757 | 757 | 757 | 841 | 757 | 756 | 756 |7484

These findings are agreed with the results of Levin et al., (1972), who
mentioned that increasing water uptake by apple trees from layers below 120
cm by watering them was not effective. Likewise, Levin et al., (1979) reported
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that the soil moisture-saturated level in soil profile of apple orchard (in their
irrigation treatments), in the area under the trickler, caused water loss by
drainage during the irrigation process, and the loss was estimated to be 17%
of the water applied. In the same line, Blasse et al., (1986) stated that in 3-
year experiments on apples with synchronized impluse sprinkling, 30% of
water was saved by applying 2-3 mm/day to keep the soil moist down to 40
cm. Assaf et al.,(1989) suggested that irrigation “Golden Delicious” and
“Jonathan” apple trees at a lower SMP (soil — matrix-potential) uses less
water and limits the volume of soil wetted.

In conclusion, the data of the present study cleared that drip irrigation
had a benefit effect on the production of “Anna” apple trees, as well as the N
fertilizers. Increasing irrigation rate up to 72 liter twice a week during 1997
and 1998 seasons gave the higher yield per tree, fruit weight, length and
diameter, juice acidity % and total sugars, whereas, fruit firmness, TSS%,
starch, skin anthocyanin were decreased. Normal irrigation treatment (l,)
based on soil-matrix-potential at threshold 0.1-0.3 bars is nearly equal to the
above mentioned one in its effects on the trees in 1997 and 1998, whereas in
1999, it gave the better effects, although the quantity of irrigation water
applied to each “Anna” apple tree in the normal irrigation treatment was less
than the used yearly by 24.4 to 46.5 %, therefore , it was more beneficial
because of saving water and energy resource as well as resulting high yield
of good fruit quality. The moderate (I;) and deficit irrigation (l) irrigation
treatments caused moderate and drastic effects on the yield of “Anna” apple
trees.
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