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Abstract: This study was carried out during two successive seasons of 2008 and 2009 on mature olive trees
cv. Manzanillo. In this study, nine irrigation treatments were used during five months from May to December
in an expected "On" year (2008) and an expected "Off" year (2009).The treatments were: No irrigation (rain fed),
60mm once /month, 80mm once/ month, 100mm once/ month, 120mm once/ month, 30 mm twice/ month, 40 mm
twice /month, 50 mm twice /month and 60 mm twice/ month. The rainfall in the experimental region recorded 92.0
and 115.0 mm/year in 2008 and 2009, respectively. The result showed that the higher level of irrigation water (60
mm twice/month) during May to September was more effective in increasing the productivity and fruit quality
of Manzanillo olive in both seasons. Also leaf nitrogen, potassium, calcium and iron content were increased

under such conditions.
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INTRODUCTION

Olive (Olea europaea L.) is widely cultivated in
semiarid areas with Mediterranean climate, where long
periods of soil water deficit are usually present during the
dry season. Olive tree has been traditionally grown under
rain-fed conditions and is considered one of the best
adapted species to the semiarid environment [1].
However, under this condition it usually shows a
decrease in photosynthesis that limits growth and yield
[2]. In this respect olive production was improved by
water supply [3, 4]. According to the international olive
oil council (IOOC), the world area devoted to olive
growing is 8.8 million hectare [5]. This area is centered
mainly in the Mediterranean basin, which has about 99%
of the world's olive groves. It produced in 2007/2008
around 2,030,800 metric tones of olive oil. In Egypt, olive
acreage reached 135692 feddan (56538 ha) and fruiting
area recorded 110764 feddan (46152 ha) with total fruit
production of 507053 metric tons [6]. Olive offers a great
economic potential compared to the other fruit trees
grown under the same conditions. It is used for good
nutritional (as fresh pickling and for oil production) and
medical purposes. Olive production plays an important
role in the economy of many Mediterranean countries.

Due to limitation of water availability for irrigation in large
areas of the world, there is a probability increase the
loosing of irrigated land. However, for mature fruit trees,
reducing applied water to a certain limit could improve
water use efficiency [7]. Applying water to fruit tree crops
is a widely used practice but efficient water use has
become important only in recent years due to the rapid
depletion of available water resources in many areas of
the world [8]. Many technologies to improve water
efficiency and the management of scarce water resources
are available. Among the most promising and efficient-
proven technologies are: (I) supplemental irrigation (SI)
for optimizing the use of the limited water available from
renewable resources in rain fed areas and (I[) water
harvesting (WH) for improved farmer income in drier
environment [9].

The aim of this study was to evaluate the effect of
supplemental irrigation on productivity and quality of
Manzanillo olive under semi-arid conditions of Matrouh
Governorate region, Egypt.

MATERIALS AND METHODS

Plant Material and Experimental Design: This study was
conducted during two successive seasons of 2008 and
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2009 at El Hammam region, Matrouh Governorate, Egypt
to investigate the effect of different irrigation rates on leaf
mineral content, fruiting and fruit quality of olive trees cv.
Manzanillo. Thirty years old Manzanillo olive trees, similar
as possible in growth, vigor and healthy were planted at
7 x 7 m apart and received regularly the recommended
horticultural practices. The rainfall in the experimental
region recorded 92.0 and 115.0 mm in 2008 and 2009,
respectively according to  Matrouh  Recourses
Management Project (Applied Research Center). Thirty six
trees were selected and subjected to nine irrigation
treatments during five months beginning from May to
December, 2008 and 2009 seasons with four trees for each
treatment (one replicate one tree) in a complete
randomized block design as follows:

T1 -Rain fed only (control).

T2- Irrigation with 60mm (192 L) once/ tree / month.
T3- Irrigation with 80 mm (256 L) once/ tree / month.
T4- Trrigation with 100 mm (320 L) once/ tree / month.
T5- Irrigation with 120 mm (384L) once/ tree / month.
T6- Irrigation with 30mm (96 L) twice/ tree / month.
T7- Irrigation with 40 mm (128 L) twice/ tree / month.
T8- Trrigation with 50 mm (160L) twice/ tree / month.
T9- Irrigation with 60 mm (192 L) twice/ tree / month.

At the beginning of the experiment, soil analysis of
the experimental orchard was carried out as listed in
Table 1.

Tree Blooming and Fruiting: Twenty shoots of one year
old were selected at random and labeled for every selected
tree to determine number of inflorescence/meter. Also,
number of flowers / inflorescence was counted and
recorded. Samples of 30 panicles from each tree were
taken at full bloom. Flowers within each panicle were
examined and the number of perfect flowers to the total
number of flowers was calculated. Number of set fruitless
on the previously tagged shoots was recorded in late
May and fruit set percentage was calculated on the basis

Table 1: Physical and chemical properties of experimental soil site

of the total number of flowers. In addition, final fruit
retention was recorded also on each of the previously
tagged shoots just before harvesting and the percentage
of fruit shedding was calculated on the basis of the
number of fruit set. In early September of each season,
fruits were picked, weighted in kg to determine yield
(kg /tree).

Fruit Properties: The fruits were harvested as soon as
they attained maturity indices of the mature stage. Sample
consist of 100 fruits which randomly selected from each
treated tree to study the effect of different treatment on
fruit physical properties i.e. fruit weight (g), fruit
dimensions (length and diameter), flesh and stone
weight(g). Also, fruit volume (cm?), moisture content%
and flesh thickness (cm) were determined. Chemical
properties i.e. fruit oil content, oil acidity % and
Saponification number were determined according to
A.0.A.C.[10].

Leaf Nutrient Content: At the first week of September of
each season, leaf sample (30 leaves) was taken from the
middle of non fruiting shoots (one year old) around the
periphery of each tree [11], washed and oven dried at 70
°C until constant weight, then the dry leaves were ground
and digested for the different elements determination [12].
Nitrogen was determined by Micro-Kjeldahl method [13],
phosphorus was determined by the method of Murphy
and Riely [14], potassium was determined by Flame
Photometer according to the method of Brown and
Lilleland [15], while calcium and magnesium were
determined by titration against versenate solution (Na-
EDTA) [12] .Iron and manganese were determined by
using Atomic Absorption Spectrophotometer (Jarill-
Ash850).

Statistical Analysis: The data collected through out
course of this study were statically analyzed according to
Snedecor and Cochran [16] and LSD test was used for
comparison between treatments.

Chemical properties

Physical properties Cations ( meq /1) Anions (' meq /1)
Depth (cm) Sand % Clay%  Silt% SP pH ECdS/m CEC OM% CaCO;% Ca" Mg™" Na' K* HCO; CI' SO,
0-20 4520  13.33 4147 0.60 7.6 4.10 7.09  0.64 33.96 032 030 0.75 0.06 022 1.00 0.21
20-50 2390 2477 5133 279 79 156 5.02 057 17.82 0.24 0.08 0.16 0.03 0.17 027 0.07
50-90 1630 2939 5431 298 7.4 1033 6.71  0.29 13.24 047 071 125 0.04 0.09 223 0.15
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RESULTS AND DISCUSSION

Tree Blooming and Fruiting: The data concerning tree
blooming as a result of the studied treatments, in both
2008 and 2009 seasons, are listed in Table 2. In both
seasons, the eight irrigation treatments (T2-T9)
significantly increased the number of inflorescences in
Manzanillo olive as compared with that of non irrigation
treatment (T1) in most cases. Moreover, all irrigation
treatments raised the number of flowers comparing with
that of the rain fed treatment (control) and the differences
were significant in most cases. In the meantime, the
number of perfect flower/panicle under the eight irrigation
treatments (T2-T9) were markedly increased as compared
with that of the control (rain fed only),except T6 (30 mm
twice / month) in the second season. These results
indicated that
inflorescences per meter to increase in olive growing area
where rainfall is scarce. Moreover, water availability
increases flowering [17-22]. Results agreed with those of
Mitchell et al. [23]. This might be due to the increase in
carbohydrates content during flower differentiation as a
result of the irrigation treatments. In view of the present
data in both seasons, fruit set percent significantly

irrigation allows the number of

increased as a result of irrigation treatments in most cases
(T2-T9) when compared with that of the control (non
irrigated). In the meantime, fruit drop% increased under
the rain fed condition only (control) comparing with
irrigation treatments and the differences among them were
significant in most cases. Likewise, the irrigation
treatments (T2-T9) significantly increased the total yield
/tree as compared with that of the rain fed only.

It could be concluded that the water stress affected
the percentage of fruit drop. Olive tree has been
traditionally grown under rain-fed conditions and is
considered one of the best adapted species to the

Table 2: Tree blooming and fruiting of Manzanillo olive as affected by supplemental irrigation.

semi-arid environment [1], although under these
conditions it usually shows a decrease in photosynthesis
that limits growth, increase fruit drop and decrease yield
[2]. Moreover, the tree might drop some of its fruits to
save the growth [24]. These results were in accordance
with the findings of Michelakis et al. [25], Patumi et al.
[26] and Aurora et al. [27] .They showed that fruit tree

productivity was increased with increasing irrigation level.

Fruit Properties

Physical Proprieties: The data concerning fruit physical
proprieties of the studied treatments in both 2008 and
2009 seasons are presented in Tables 3 and 4. Fruit
weight, fruit volume, fruit length, fruit diameter, flesh
thickness, pulp &stone weight, pulp/stone ratio and fruit
moisture content during "on" or "off" year under all
irrigation treatments were significantly higher than that of
the control (rain fed only), while fruit diameter
significantly increased under all irrigation treatments
comparing with that of the control, except T6 in 2008 and
T2 in 2009.The previous results showed that the water
stress treatments was not effective to decrease fruit
volume and the management practice of water applying
was more effective in increasing it and this might be due
to that the trees take its time to build up more
carbohydrates and then increased the fruit volume [28]. In
addition, results were in agreement with those obtained
by Moriana et al. [4], Patumi et al. [26] and Goldhamer
[29]. The obtained results indicated that the water stress
and the management practices of water application was
more effective in increasing the flesh thickness (mm) and
the application of irrigation water twice was more effective
than the one application (T2) and the control. Similar
findings were found by Patumi et al. [26], d andria et al.
[30] and Lavee ef al. [31]. The present results indicated
that the management practice of water application affected

Total number of Total number of Number of perfect

inflorescences per meter flowers per panicle flowers per panicle

Fruit set (%) Fruit drop (%) Yield (kg / tree)

Treatments 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
T1 17.34' 21.24 10.63¢ 8.25° 12.88¢ 12.05' 3.48¢ 3.56" 7.37 10.00 21.31° 17.69
T2 21.08" 24.30° 10.88" 9.13% 14.48" 13.23¢ 391 3.85¢ 6.86 9.28" 28.38* 19.17
T3 21.76* 27.18° 11.40° 9.85% 16.33° 13.63¢ 4.37 4.28* 5.34" 8.10 41.59% 20.93
T4 23.97° 29.50" 11.33™ 9.60" 17.95° 14.60™* 5.13¢ 4.77% 447" 8.10 52.14* 24.58
T5 26.91° 31.90° 12.13° 10.58° 18.78" 15.78° 6.09" 5.10° 473" 6.51° 57.12° 26.39
T6 21.08" 24.48° 11.43° 10.65° 14.58" 10.95 3.97" 3.91¢ 7.36 8.83" 34.95¢ 19.65¢
T7 21.93° 26.10° 10.18° 10.18* 17.15° 13.88 4.71 4.63% 537" 8.03 38.19° 22.56°
T8 24.82° 28.80" 11.60° 10.38° 18.60" 14.85"™ 5.58 5.22° 445" 6.00* 47.12% 25.91"
T9 25.33" 32.88° 10.68™ 10.55° 19.60° 15.30" 7.08 6.29" 4,15 5.55 58.59° 27.83

Means followed by the same letter in each column are not significantly different at P=0.05.
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Table 3: Fruit proprieties of Manzanillo olive as affected by supplemental irrigation.

Fruit weight Fruit volume Fruit length Fruit diameter Flesh thickness Stone weight

(® (cm’) (cm) (cm) (mm) (&
Treatments 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
Tl 3.42¢ 3.22f 32.75¢ 31.00° 1.95¢ 1.88¢ 1.38° 1.38¢ 0.35¢ 0.38° 1.01¢ 0.96"
T2 4.06¢ 4.05¢ 38.50° 37.75¢ 2.13¢ 1.93¢ 1.48¢ 1.45¢ 0.41¢ 0.40¢ 1.06¢ 1.04¢
T3 4.30° 4.28¢ 41.50* 41.50% 2.230 1.90¢ 1.65% 1.53¢ 0.50° 0.494 1.29¢ 1.30¢
T4 4.45% 4.40 41.50* 41.25% 2.30% 2.10° 1.70% 1.68° 0.52° 0.53¢ 1.44% 1.41¢
T5 4.50* 4.44% 42.50* 42.00" 2.28% 2.13° 1.83 1.75% 0.58° 0.59° 1.50°* 1.49°
T6 4.00¢ 4.12¢ 36.50° 39.00¢ 2.13¢ 1.93¢ 1.45¢ 1.53¢ 0.31¢ 0.40° 1.07¢ 1.10°
T7 434 433 41.75* 40.50" 2.230 2.05% 1.60¢ 1.55¢ 0.52° 0.54¢ 1.35¢ 1.344
T8 4.46%¢ 4.46® 42.00* 41.25% 2.30% 2.28° 1.65% 1.73% 0.61° 0.57° 1.37% 1.42¢
T9 4.58° 4.49 43.25° 42.75* 2.33¢ 2.38* 1.75% 1.83¢ 0.60° 0.60° 1.51° 1.46®
Means followed by the same letter in each column are not significantly different at P=0.05.
Table 4: Fruit proprieties of Manzanillo olive as affected by supplemental irrigation.

Pulp weight Pulp /Stone Fruit moisture Fruit oil content Oil acidity Saponification

(gm) ratio (%) (%) (%) number
Treatments 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
Tl 2.42° 2.26° 2.40° 2.36° 57.54¢ 55.73¢ 21.53* 21.85% 0.60¢ 0.60° 211.48®  211.80¢
T2 3.01° 3.02¢ 2.85° 292¢ 60.91° 59.60¢ 21.50* 21.53* 0.63 0.63% 213.93®  213.63°
T3 3.01° 2.98¢ 2.35% 2.29 60.86° 61.58¢ 21.38° 21.30% 0.65 0.644 215.38%  215.48¢
T4 3.02¢ 2.98¢ 2.114 2.11¢ 63.90° 63.15° 21.25%  21.00* 0.79* 0.72% 169.28° 218.38¢
T5 3.01° 2.95 2.02¢ 1.98f 64.39* 63.70 21.23% 23.00* 0.78° 0.81° 221.25* 222.13°
T6 3.00° 3.02¢ 2.75° 2.75° 60.44° 59.45¢ 21.18¢ 21.75% 0.64< 0.63% 215.25®  214.00°
T7 2.93¢ 2.99 2.244% 2.22¢4 61.64° 61.65¢ 2123« 21.30% 0.68% 0.68¢ 216.58*  215.80°
T8 3.09° 3.04° 2.254¢ 2.14% 64.13* 63.38° 21.28¢ 21.13% 0.72° 0.75° 223.90° 220.60¢
T9 3.07° 3.04° 2.04¢ 2.09¢ 63.44* 64.40° 21.20% 20.55° 0.80° 0.81° 22523 223.80°
Means followed by the same letter in each column are not significantly different at P=0.05.
Table 5: Leaf nutrient content of Manzanillo olive as affected by supplemental irrigation.

Nitrogen Phosphorus Potassium Calcium Magnesium Manganese Iron
(%) (%) (%) (%) (%) (ppm) (ppm)

Treatments 2008 2009 2008 2009 2008 2009 2008 2009 2009 2009 2008 2009 2008 2009
Tl 1.02° 1.18¢  0.13¢ 0.12° 1.02¢ 0.93¢ 1.07¢ 1.04" 0.14* 0.15*  40.00*  31.25* 88.75" 91.25¢
T2 1.247 1.35¢  0.14 0.14%  1.14¢ 1.13¢ 1.33%  1.13¢ 0.13° 0.14*  37.75*  30.75®  91.00° 92.75¢
T3 1.28% 1.51¢  0.16° 0.15%  1.15¢ 1.20¢ 1.26%*  1.31¢ 0.13%  0.12° 31.50¢ 29.75%  100.75¢ 95.75%
T4 1.41¢ 1.65°  0.18¢  0.16® 1.17° 1.28° 1.40% 1.56° 0.12%  0.12¢¢  26.00¢  29.25¢ 117.00¢ 102.00°
T5 L.61° 1.83*  0.20° 0.16®  1.19° 1.31° 1.47% 1.72% 0.114 0.11¢¢  20.50"  28.00¢ 117.50>  110.25°
T6 1.247 1.369  0.13% 0149 1.149 1.14¢ 1.12¢ 1.14¢ 0.12°  0.14*  36.50°  31.00° 92.75¢ 92.75%
T7 1.29¢ 1.45¢  0.17%  0.15¢  1.16° 1.21¢ 1.27¢%  1.32¢ 0.13° 0.12¢ 29.50¢ 29.25¢ 102.50¢ 96.75%
T8 1.46° 1.60°  0.19*  0.16® 1.18" 1.28° 1.39% 1.59¢ 0.12%  0.11¢  23.00°  27.50%  119.25° 99.00"
T9 1.49° 1.88*  0.21° 0.17 1.21° 1.32¢ 1.52¢ 1.79 0.11%  0.10°  20.25"  26.75¢ 123.25° 109.75*

Means followed by the same letter in each column are not significantly different at P=0.05.

pulp weight when complementary irrigation distributed
during critical stages of fruit growth, particularly during
the enlargement of mesocarp cells and increases fruit
weight, percent of fruit flesh and overall tree production

[3, 17, 32, 33].

Chemical Properties: The data concerning fruit chemical
properties as affected by the studied treatments in both
2008 and 2009 seasons are listed in Table 4. In both
seasons of the study, oil content % of Manzanillo olive

did not show a definite trend as result of all irrigation

612



Am-Euras. J. Agric. & Environ. Sci., 11 (5): 609-615, 2011

treatments comparing with that of control. All irrigation
treatments (T2-T9) increased fruit acidity percentage of
Manzanillo olive cv. comparing with that of the control,
while, T2 and T6 in both seasons and T3 in 2008 season
did not differ significantly comparing with the control. All
irrigation treatments (T2-T9) were significantly higher
than that of the control in the second season of the study,
but the differences among the studied treatments were not
big enough to be significant.

From the present results, some irrigation treatments
in both seasons affected the chemical properties content.
The present results were in agreement with those reported
by Lavee et al. [3], Spiegel [34], Vitagliano [35] and Lavee
and Wonder [36]. Also, similar results were reported by
Patumi et al. [37] Armon et al. [38] and Toplu et al.
[39].They observed that the oleic acid content was
greatest with 100% crop evapotranspiration treatment
which confirms the previously shown effect of irrigation
on the onset of oil accumulation. Also, Patumi et al. [26]
found that the irrigation barely affected the oil fatty acid
ratios or composition.

Leaf Nutrient Content: The data concerning leaf nitrogen,
phosphorus and potassium content under the studied
irrigation treatments in both 2008 and 2009 seasons are
listed in Table (5). From the present results, it could be
concluded that leaf nitrogen, phosphorus and potassium
content was increased with increasing the rate of
irrigation water and the application twice was more
effective than once and than the control .This might be
due to the diffuse of the irrigation water from the soil to
the root tissues. These results are in agreement with those
reported by Zahran et al. [40]. Indeed, the low potassium
assimilation is highly correlated with oil accumulation.
Deidda [41] indicated that a sharp reduction of fruit sink
strength was induced by the water stress. The treatment
(60 mm twice /month) caused the highest values of leaf
calcium in both seasons, while, the control treatment
caused the lowest and the other treatments did not show
definite trend (Table 5). Leaf magnesium and manganese
content was increased by the control treatment compared
with those of remaining irrigation treatments (T2-T9) and
the differences among the other treatments were not big
enough to be significant in most cases for their effect on
leaf magnesium. In both season, leaves from T9 (60 mm
twice/ month) contained the highest values of iron and
those of T1 (control) and T2 (60 mm once/ month)
contained the lowest ones,while the other remaining
irrigation treatments were in between with significant
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differences in some cases(Table 5). These results are in
agreement with those obtained by Ahmed [42], Soliman
[43] and Celano et al. [44], they reported that the total
amount of mineral elements was increased in the irrigated
olive plants comparing with non-irrigated ones. In
addition, Alegre et al. [45] found that water stress
reduced net assimilation of leaf.

CONCLUSION

From the present results, it is concluded that
irrigation with 60 mm twice/ month during May to
September was the
productivity and fruit quality of Manzanillo olive during
both the "on" and "off" years, as wall as leaf nutrient
content (nitrogen, potassium, calcium and iron ) under the

more effective in increasing

conditions of the present study.
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