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ABSTRACT

INTRODUCTION

Water is fast becoming an economi-
cal scare resource in many areas of the world
espectally in arid and semiarid regions. In
Egypt, water is considered as a limited resou-
rce because of increasing population. More-
over, water is one of the most important com-
ponent in the biological systems (Salisbury
and Ross, 1985). Maximizing the use of
modern irrigation system is cssential to satisfy
the increase in irrigation water demands
(Brown, 1999). :

Wright and Stark (1990) revealed
that, plant growth and development was retar-
ded when water supply was restricted. But,
Storchus and Kosykh (1983) and Ali (2006)
on peach, Semash and Panasenko (1984), Ali
et al., (1998) and Hussein (1998) on apple,
Salem ef al. (1999), Fathi {1999 a & b),
Hussein (2004) and Ismail ef al/. {2007) on
pear as well as Kandil and El-Feky (2006) on
apricot used 40, 60, 70 or 80% field capacity
(F.C.) and obtained the best growth parame-

ters and yield components with 80 % F.C.
Moreover, Cathoun (1975) found that, the
increase in tension from zero to 0.33 bar
released more than 75% of water in hght
textured soil but less than 50% in heavy ones.
Levin et af, (1979) pointed out that drip imga-
tion enables a restricted volume of wetted soil
to be maintained with smail fluctuations in
water tension and with the development of a
dense root systemn with minimum loss of water
and fertilizers by leaching, Also, Levin et al.
(1980), stated that, root distribution depended
upon the volume of wetted soil, which was
related to soil hydraulic conductivity, the rate
and duration of water application. Therefore,
using water soil potential at 100-200 mbar
(12.94 m’/trec/vear) was recommended as the
best level for "Canino" apricot trees in sandy
soil (Kandil and El-Feky 2006}. The objective
of this study is to determine the effect of
different irrigation rates on two soil types for
"Canino" apricot trees.
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MATERIALS AND METHODS

The present investigation was carried
out in a private orchard at 76km Cairo-
Alexandria road during 2006 and 2007
seasons. Nine years old "Canino" apricot trees
were budded on local apricot seedling root-
stock and planted 5 x 5 m. apart (168 tree/
feddan) on sandy and loamy sand soils. The
troes were drip irngated with two lateral lines

as well as six emitters/tree (8 L/h) which
spaced 0.5m apart on the lateral lines. Soil
samples from three depths: 0-30, 30-60 and
60-100cm. were collected to determine physi-
cal, hydrophysical and chemical propertics
according to Piper (1950) and illustrated in
Table (1).

Table (1): Physical and chemical properties of soil of the experimental site.

Physical:

Particale size distribution ()

depth (cm. 5
PR (M) [ ine sand | Silt (%) | Clay (%) C““‘;:Z;““d

0-30 515 17 3.2 28.4

30-60 16.5 13.8 34 66.4

60-100 206 13.2 59 60.4

0-30 249 66.4

30-60 25.9 66.6
255 67 _'

Chemical:

depth Cation (mg/100 g soil) Anion {meg/100g soil
Textur EC Sp ++ -+ - . . -
exture) (cm.) ca” | Mg” | Na+ | K+ | 0O, |HCO,| O | 804
Fe 0-30 { 1.00 125003400 180 {270 1501000 180|279 | 541
3;, 30-60 | 080 1230012001 1201368 1.12 ;00014 124 2.79 ) 3.97
= 60-100] 090 [ 2400 200 | 190|445 065 ]1 000 ] 1.60 | 3.50 | 3.90
- 0-30 {1 140 |3000) 500 186 {549 165|000 124 ) 558 7.18
{E 30-60 1 1.00 |37.00] 300! 188 [ 367 [145]000 | 120 372 { 5.08
60-1001 1.10 |3500({ 500 18 |3.14 | 100 | 000]| 1.92 | 550 | 3.58

The studied irrigation rates in both
soll types (sandy and loamy sand) were as
follows and illustrated in Table (2).

First season (2006):

1) 30845 m'/feddan/year (1836 m’ftrec/
year) as 100% of common irmgation rate
(IR) practiced in the farm.

2) 20563 m'ffeddan/year (12.24 m'free/
year) as 66.7 % of (IR).

3) 10282 m/feddanfyear (6.12 m’ftree/
year) as 33.3 % of (IR).

Second season (2007):

1) 3160.1 m*/feddan/year (18.81 m’/tree/ year)
as 100 % of common irngation rate (IR)
practiced in the farm.

2) 2106.7 m*/feddan/year (12.54 m’/tree/ year)
as 66.7 % of (IR).

3) 10534 m'Aeddan/year (627 m'/tree/
year) as 33.3 % of (IR).

The following investigation measure-
ments were recorded:-
1) Growth parameters: shoot length, number
of leaves/shoot and leaf area at mud
August of both studied seasons.
Percentage of fruit set; the total number of
flowers at full bloom and set fruitlets were
counted on each tagged branch, then the
fruit set % was estimated according to
Westwood (1978) as follows:

o Numbeof setfruitlets

Fritsct(%)= Totahoof ﬂowersatﬁ;lll'ylcpomXI o

2)
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Table (2): Water quantities (L/tree/month).

Season

g H Jam.

Feb,

Mar.

Apr.

May

Jun,

Jul.

Aug,

Sep.

Oct

Nov

Dee
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Total /year

Wltree

M’ffeddan

180

630

1800

2790

2790

2700

2160

1800

1530

1080

720

180

18.36m’

3084.5m

120

420

1200

1860

1860

1800

1440

1200

1020

720

480

120

12.24m°

2056.3m’

2006

60

210

6500

930

930

500

720

310

360

240

60

6.12m’

1028.2m°

270

720

1800

2880

2880

2700

2160

1800

1620

1080

720

180

18.81m’

3160.1m’

2007
R b

180

480

1200

1920

1920

1800

1440

1200

1080

720

480

120

12.54m’

21067 m’

90

240

600

960

960

900

720

600

540

360

240

60

6.27m’

1053.4m’

3) At picking date, numbers of fruits/iree
were used to calculate yield monatory
value = Fruit yield (kg )tree x farm - gate
price (LE 2.0 for kg fruits weighing > 40
g, LE L5 for fruits 3040 g and LE 1.0 for
kg fruits < 30 g). Also we computed water
use efficiency = fruit yield (kg.Y/feddan +
irrigation rate (m*/feddan/year).

Fruit quality: at picking date, samples of
15 random matured fruits/replicate were
used to assess fruit quality as fruit weight
and size, fruit dimensions (length and
diameter), fruit firmness (using Advance

4

Force Gauge RHI;, UK), juice TSS con-
tent (using a hand refractometer), juice
acidity (expressed as gram of malic acid/
100 ml. juice) and TSS/acid ratio.

The experimental treatments were
arranged in a randomized complete block
design with three replicates in each and three
trees per replicate. The obtamned data were
subjected to statistical analysis according to
Snedecor and Cochran (1990). Averages were
compared using L.S.D. test at 5 % probability.

RESULTS

- Vegetative growth:

Concerning the effect of both soil
types on some vegetative growth measure-
ments 1. (shoot length, number of leaves/
shoot and leaf area) of "Canino" apricot troes
grown under different rates of irrigation, data
tabulated i Table (3) revealed that the present
growth parameters showed a clear trend to be
reduced as irrigation rate was reduced where
shoot length decreased from 57.7 to 42.2 to
28.5 cm., number of leaves/shoot decreased
from 44.7 to 36.3 to 24.2 as well as leaf area
decreased from 47.6 to 413 to 299 em® as
urigation rates decreased from 100 to 66.7 to
33.3 % of common irrigation rate in that farm
(IR) throughout the 2™ season respectively.
On the contrary, shoot length increased on
loamy sand soil 44.3 than on sandy soil 40.8
cm. Number of leaves/shoot also increased on
loamy sand 39.3 than on sandy soil 32.9 as
well as leaf arca increased on loamy sand soil
40.7 than on sandy soil 36.7 cm® during the
first studied season respectively. Moreover, all
differences  were  statistically  confirmed.
However, the best interaction was vegetative

growth on loamy sand soil under 100 % IR
(57.3 and 58.0 cm shoot length, 53.3 and 51.0
No. of leaves/shoot as well as 48.8 and 52.1
em’ leaf area) in the two successive seasons
2006 and 2007, respectively.

- Percentage of fruit set and yield compo-
nents:

Percentage of fruit set (Table 4)
showed a non significant reduction (from 30.0
to 28.9 % in 2006 and from 29.9 to 29.3 % in
2007 seasons respectively) when IR reduced
from 100 to 66.7 %. On the other hand, there
was a significant decrease (from 28.9 to
25.8% and from 293 to 252 %) when IR
decreased from 66.7 to 33.3 %. Meanwhile,
this phenomenon may mean that little
moisture stress (66.7 %) avoids excessive
waler or severe stress. Moreover, there are not
significant differences between loamy sand
and sandy soils with fruit set. However, we
obtained better interaction with IR 100 %
(303, 30.2, 29.7 and 29.6 %) as well as IR
66.7 % (29.1, 29.8, 28.7 and 28.9 %) through
the two studied scasons.



Table (3): "Canino" apricot vegetative growth (shoot length, number of leaves/shoot and leaf area) as affected by irrigation rate {A) and

soil type (B).
Irrigation Shoot length (cm.) No. of leaves/shoot Leaf area (cm’)
rate % Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.)
2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 ) 2006 | 2007
100 57.30158.00)56.7015730157.00157.70153.30}51.00]38.70] 38.30}46.00)44.70 {48 80} 52.10)42.10}43.20]45.40| 47.60
66.7 43,70 | 43.40 ] 40.30 | 40.90-( 42.00142.20 | 38.00(37.70 { 37.00 | 35.00 } 37.50 | 36.30 1 43.50 143,80 | 39.00 { 38.80141.20 | 41.30.
33.3 32.0031.70]25.50125.30 [28.80|28.50126.70|25701{23.0012270|2480|2420/30.00]30802890(29.00|29.40|29.90
Average (B) ) 44.30 | 44.40 | 40.80 | 41.20 - - 39.30|38.10132.90132.00 - - 40.70 | 42.20 | 36.70 | 37.00 - -
L.S.D. at 5 % for:
Irrigation rate (A) = 077 062 08 073 089 0.88
Soil type (B) = 0.77 0.62 08 073 089 0.88
Interaction (A x B): 1.09 (.87 1.14 103 126 125
Table (4): "Canino" apricot fruit set, no. of fruits and water use efficiency as affected by irrigation rate (A) and soil type (B).
Irrigation Fruit set (% No. of fruits/tree Water use efficiencu (kg/m®)
rate % Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.)
: 2006 | 2007 | 2006 | 2007 | 2006 { 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
100 30.30430.20(29.7029.60 |30.00| 2990 | 1392 | 1367 | 1150 | 133 | I27¢ | 1250 § 317 | 306 | 244 | 253 | 2.81 | 2.80
66.7 291012980 28.70|28.90 | 289012930 | 1353 | 1350 | 1143 | 1104 | 1248 | 1227 | 455 | 444 | 3.52 | 350§ 403 | 3.97
333 2640 | 258012520{24.70 (258012520 | 1020 | 937 | 823 | 700 | 922 | BI18 | 7.74 | 764 | 5.19 | 542 | 647 | 6.53
Average (B) | 28.60 [ 2860 | 279012770 - - 1255 1 1218 | 1039 | 979 - - 515150543721 318 - -
L.S.D. at5 % for:
Irrigation rate (A) = 183 124 32 337 0.19 0.18
Soil type (B) = 1.83 124 32 337 0.19 0.19
Interaction (A x B): 1.17 175 " 369 394 029 0.26
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Yield components expressed as num-
ber of fruitsiree, fruit yieldtree and yield
monatory values are shown in Tables (4 & 5).
Slight and non significant reduction was
observed with IR decrease from 100 to 66.7 %
of No. of fruitsftree (from 1271 to 1248 and
from 1250 to 1227), of fruit yield (from S51.5
to 49.4 and from 52.6 to 49.8 kg/tree) as well
as of yield monatory value (from LE 91.9 to
88.1 and from LE 105.3 to 99.6) through 2006
and 2007 secasons. Otherwise, there was
significant and sharp reduction of No. of
fruits/tree (from 1248 to 922 and from 1227 to
818), of fruit vield (from 494 to 23.8 and
from 49.8 to 264 keftree) as well as of yield
monatory value (from LE 88.1 to 23.9 and
from LE 99.6 to 39.7) as irrigation rate
decreased from 66.7 to 33.3 %. Furthermore,
therc was better number of fruits/tree (1255
and 1218), better fruit yield (47.4 and 47.9) as
well as yield monatory value (LE 854 and
90.7) on loamy sand soil in the two studied
seasons, respectively than on sandy soil.

- Water use efficiency (WE):

The present results in (Table 4)
showed a gradual and sigpificant increase of
WE (from 2.81 to 4.03 to 6.47 and from 2.80
to 3.97 to 6.53 kg/m’) parallel to IR reduction
{from 100 to 66.7 to 33.3 %) through 2006
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and 2007 seasons, respectively. Also, water
use efficiency was higher on loamy sand (5.15
and 5.05) than on sandy soil (3.72 and 3.18
kg/m*) in 2006 and 2007 seasoms, respec-
tively.

- Fruit quality attributes:

Fruit characters are shown in Tables
(5-7) where we can observe a gradual
decrease of fimit weight (from 40.4 to 394 to
25.6 g.), fruit size (from 39.8 to 36.8 to 24.3
cm?), polar diameter (from 4.53 to 4.50 to 4.06
cm.) and equatorial diameter (from 4.10 to
408 to 372 cm.) accompaniment to IR
decrease in the 1* season. Contrary, fruit
firmness and juice TSS increased (from 7.87
10 8.03 to 8.21 Ib/inch® and from 11.9 to 12.2
to 12.9 %) with IR reduction. However, this
phenomenon may clear the fact that, less
irigation water reflects more fruit firmness
and higher juice TSS. On the other hand, juice
acidity decreased (from 0.93 to 0.86 to 0.78
%) in the 2% season while had no clear trend
in the 1* season (from 1.24 to 1.31,to 1.08 %)
with IR reduction (from 100 to 66.7 to 33.3
%). However, fruit quality attributes were
higher on loamy sand soil than on sandy soil
except with juice TSS where sandy soil get
higher TSS (12.9 and 13.2 %) than loamy
sand soil (11.8 and 12.1 %).

DISCUSSION AND CONCLUSION

The present results pointed out that,
vegetative growth (shoot length, number of
leaves/shoot and leaf areca) as well as fruit
quality attributes (fruit weight, size and
dimensions) showed a gradual decrease para-
lel to irrigation rate (IR) reduction. However,
these results go in line with the conclusion
given by Ali ef al. (1998), Hussein (1998) on
apple, Salem et ad. (1999), Fathi (1999 a & b),
Hussein (2004) and Ismail et «., (2007) on
pear trees; Ali (2006) on peach; Kandil and
El-Feky (2006) on apricot, who revealed that
vegetative growth and yield were markedly
reduced at lower irrigation rates. On the other
hand, water use efficiency (WE), fruit firm-
ness and juice TSS increased as IR decreased.
Meanwhile, this phenomenon may be as a
result of the fact of WE increase with less
water consumption. Also, smaller fruits have

higher firmness and juice TSS. Morcover,
Chalmers (1990), Fathi (1999 a & b), Hussein
{2004) and Ismail et gl. (2007) on pear trees
have disclosed the same trend. Furthermore,
percentage of fruit set, number of fruits/tree,
fruit yicld and yield monatory value showed
slight and non significant reduction with IR
reduction from 100 to 66.7 % as well as
showed sharp and significant decline with IR
reduction from 66.7 to 33.3 %, Generally, Ali
et al. (1998), Salem et al. (1999), on apple
concluded that, for maximizing irrigation
water benefit, TR should be practiced at
moderate soil moisture stress, ie, 40%
depletion in available water. Also, Ritchie
(1974) pointed out that, some water conser-
vation benefits can be obtained from allowing
plants to experience moderate water stress.



Table (5): "Canino' apricot fruit weight, fruit yield and vield monato

Irrigation
rate %

Fruit weight (g.) _

Fruit yield/tree (kg)

value as affected by irrigation rate (A) and soil

e (B).

Yield monatory value (LE)

Loamy sand

Sandy

Average (A.)

Loamy sand

Sandy

Average (A.)

Loamy sand

Sandy

Average (A))

2006 | 2007

2006 | 2007

2006 | 2007

2006 | 2007

2006

2007

2006 | 2007

2006 | 2007

2006

2007

2006 | 2007

160

41.90 | 42.10

38.90142.10

40.40 | 42.10

58.30 | 57.60

44.30

47.70

51.50}52.60

116.60[115.20

67.20

95.40

91901053

66.7

41.10141.30

37.70 | 39.80

39.40 ; 40.60

55.70 | 55.70

43.10

43.90

49.40 | 49.80

111.40{111.40

64.70

87.80

88.10 | 99.60

33.3

27.60 132,50

23.60|31.80

256013220

28.20 ( 30.40

19.50

22.50

23.80| 26.40

28.20 | 45.60

19.50

33.80

23.90( 39.70

Average (B)

36.90 | 38.60

L.S.D. at 5 % for:
Irrigation rate (A) =
Soil type (B) =

Interaction (A x B):

Table

E——
| Irrigation
rate %o

33.40]37.90

6): "Canino'' apricot fruit size,

1.54
0.54
0.76

1.64
0.64
0.91

polar diameter and e

Fruit size (c _

47.40 | 47.90

35.80

38.00

3.02
4.02
6.45

2381
4.81
7.15

Polar diameter (cm.)

85.40 | 90.70

uatorial diameter as affected by irrig

50.50

72.30

Loamy sand

Sandy

Avera%e (A.)

Loamy sand

Sandy

Average (A.)

vy sand

Sandy

2006 | 2007

2006 ; 2007

2007

2006 | 2607

2006

2007

2006 | 2007

2007

2006

2007

100

41.70 1 40.00

38.00139.00

39.50

4.52 | 451

4.53

4.51

4.53 | 451

4.10

4.09

4.10

66.7

38.30138.30

353013730

37.80

4.50 | 4.45

4.45

4.48

4.50 [ 4.49

4.08

5.06

4.07

33.3

26.70131.70

22.00)31.30

31.50

4.08 | 408

4.03

4.02

3.73

3.70

3.69

i

[Average (B[ 35.60] 36.70[ 3180
L.S.D. at 5 % for:

Irrigation rate (A) =

Soil type (B) =
Interaction (A x B):

31.80)35.90

062 104
062 104
0.88 147

437 | 4.36

4.35

434

0.037 0.100
0.037 0.100
. 0.163 0.141

3.97

3.95

3.59

CH 9S¢
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Table (7): "Canino" apricot fruit firmness, juice TSS and acidi

as affected b

irrigation rate (A) and soil e

Irrigation Fruit firmness (Ib/inch®) TSS (%) Acidity (")
rate % Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.) | Loamy sand Sandy Average (A.)
2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007 | 2006 | 2007
100 812 [ 733 1 761 | 653 | 787 | 693 (1110112012701 1270|1190 1190} 1.30 [ 096 | 1.17 [ 0.89 | 1.24 | 0.93
66.7 817 | 775 | 790 | 657 | 803 | 7.16 | 115011190} 13.00(13.00|1220{1250| 1.34 | 0.85 | 1.29 { 0.87 | 1.31 | 0.86
333 851 (900 | 791 | 657 | 821 | 7.78 {1280 13.20|13.10 1400 1290|1360} 108 | 0.78 | 1.08 | 0.78 | 1.08 |{ 0.78
Average(B)| 827 | 780 | 7.80 } 6.56 - - 11.80112.10112901 13.20 - - 124 | 08 | 1.18 | 085 - -
L.S.D. at 5 % for:
Irrigation rate (A) = 079 085 0.11 051 0.04 0.06
Seil type (B) = 079 085 0.11 0.51 0.04 0.06
Interaction (A x B): 111 120 015 072 0.06 0.08
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Furthermore, availability of soil mois-
ture is not a property of the soil alone, but
indeed a combined function of the plant, the
soil and the climate (Hillel, 1987). The present
results clearly showed that all growth and
yield components as well as yield monatory
value and water use cfficiency were better on
loamy sand soil than on sandy soil.

Annals Of Agric. Sc., Moshtohor, Vol. 46(3), 2008

So, we can recommend “Canino"
apricot growers to cultivate their orchards on
loamy sand soil and irrigate their trees with
12.24-12.54 m'/ trec/year to get better growth,
yield and income as well as to save 33.3 % of
irrigation water,
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