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The experiment was carried out during 2008 to 2009 and 2009 to 2010 with the aim to study the effect of
girdling and foliar application of zinc and boron on growth, quality and leaf nutrient status of olive cv.
Frontoio. The experiment was laid out in a randomized block design with seventeen treatments.
Maximum shoot extension growth (8.92 cm) was observed with the spray of 0.6% ZnSQO, in combination
with 0.6% boric acid. Maximum pulp:stone ratio of 2.57 and oil content of 25.62% was recorded with the
foliar application of 0.6% ZnSO, in combination with 0.6% boric acid and 0.6% ZnSO, in combination
with 0.4% boric acid, respectively. The highest leaf K (1.74%), Ca (1.71%) and Mg (0.15%) contents were
recorded with spray of 0.5% ZnSO, in combination with 0.4% boric acid, 0.5% ZnSO, in combination
with 0.5% boric acid and 0.6% ZnSQ, in combination with 0.6% boric acid, respectively. From this study,
it is concluded that foliar application of zinc sulphate in combination with boric acid resulted in better
growth, physical characteristics and oil content of olive fruits.
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INTRODUCTION

Olive (Olea europea L.) is an evergreen tree, which
requires chilling for its fruitfulness. Olive is grown for its
fruits, used for oil extraction as its oil is a rich source of
polyunsaturated fatty acids (PUFA). It possesses
numerous biological properties and therefore occupies a
pivotal position in human nutrition. Olive is an important
crop in all countries situated in the Mediterranean region.
The main producers of olive include Spain, Italy, Greece,
Portugal, Turkey, etc. The total world production of olives
was estimated at 20.58 million tonnes (FAO, 2012). Olive
cultivation in India is still in its infancy and is restricted to

the states of Jammu and Kashmir, Himachal Pradesh and
Uttaranchal.

In olives, fruit weight and oil content are affected by the
mineral status of leaves (Jordao and Lietao, 1990). The
foliar feeding of micro-nutrients in different fruit crops,
including olives, has assumed a significant position to
enhance their growth, productivity and nutrient status.
Nutrient sprays can influence qualitative and quantitative
characteristics of olive, such as fruit size, weight, and fruit
oil content. Rajaie et al. (2009) while studying the effect
of zinc and boron interaction on growth and mineral
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composition of lemon seedlings (Citrus aurantifolia L.)
observed that application of zinc and boron resulted in
better plant growth and was associated with the highest
uptake of N, P, K, Zn, Fe, Cu and Mn under greenhouse
conditions. Foliar application of zinc and boron in
combination has been reported to elevate the leaf
chlorophyll and N content, thus increasing shoot growth,
in Persian walnut (Juglans regia) (Keshavarz et al.,
2011). Therefore, the present experiment was undertaken
to study the effect of girdling and zinc and boron
application on growth, quality and leaf nutrient status of
olive cv. Frontoio.

MATERIALS AND METHODS
Study site

The present investigation was conducted at the Division of Fruit
Science, Faculty of Agriculture at Chatha, SKUAST-Jammu, India
during 2008 to 2009 and 2009 to 2010. The experimental site was
situated in the intermediate zone at latitude 32°50' North and
longitude 74°55' East at an elevation of 1100 m above mean sea
level with an annual precipitation of about 910 mm, mostly
coinciding from February to June (about 80%). The mean annual
maximum and minimum temperatures are 21.72 and 12.57°C,
respectively.

Soil of the experimental field was clay loam with pH 6.4. The
organic carbon content, available nitrogen, phosphorus and
potassium contents of the soil were 0.87%, 283, 73 and 188 Kg ha’
! respectively.

Experimental setup

The experiment was laid out in a randomized block design with
seventeen treatments Ti: Control, T,: Girdling, Ts: 0.4% ZnSOy4, T4:
0.5% ZnSO4, Ts: 0.6% ZnSO4, Te: 0.4% Boric acid, T+: 0.5% Boric
acid, Tg: 0.6% Boric acid, Tg: 0.4% ZnSO,4 + 0.4% Boric acid, Tio:
0.4% ZnS0O,4 + 0.5% Boric acid, T11: 0.4% ZnSO,4 + 0.6% Boric acid,
T12: 0.5% ZnSO, + 0.4% Boric acid, T1s: 0.5% ZnSO, + 0.5% Boric
acid, T14: 0.5% ZnSO, + 0.6% Boric acid, Tis: 0.6% ZnSO,4 + 0.4%
Boric acid, Tis: 0.6% ZnSO,; + 0.5% Boric acid, and Ti7: 0.6%
ZnS0O, + 0.6% Boric acid. Each treatment was replicated thrice with
single tree as one replication (Figure 1). All the bearing branches of
the trees were girdled by removing 10 mm wide rings of bark, one
week before full bloom. Both the nutrients were sprayed in the first
week of March and repeated 30 days after the first spray, during
both years of investigation.

Statistical analysis

The data were subjected to statistical analysis according to the
methodology proposed by Panse and Sukhatme (2000). Critical
difference (C.D) at 5% level was used for finding the significant
differences, if any, among the treatment means.

Shoot extension growth

For measuring shoot extension growth, twenty uniform and healthy
shoots were randomly selected all over the tree canopy in all
directions. The length of each shoot was measured at the beginning
and end of growing season between the points of initiation of new
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growth to the extremity of the shoot tip and expressed in
centimeters.

Chlorophyll content

Leaf chlorophyll content was estimated by the procedure reported
by Arnon (1949) and the total chlorophyll content was calculated
using the following equation:

Total chlorophyll (mg ™ ™) = 20.2 (Asss) +8.02 (Agss) X __V
1000 x W

Where, Asss = Absorbance at 645 nm, Agss = Absorbance at 663
nm, V = volume of aliquot; W = weight of the leaf tissue (g).

For the measurement of physical parameters of fruits, one
hundred healthy fruits were randomly selected from each treatment.

Fruit size

Fruit size of fifteen randomly selected fruits from each replication
was measured in centimeters by using a digital vernier caliper and
was expressed as an average of length and diameter.

Fruit weight

Fruit weight was recorded on a top pan electrical balance with an
accuracy of £0.5 g and expressed as mean fruit weight in grams.

Fruit volume

Fruit volume (cm® was estimated by the water displacement
method using a graduated glass cylinder.

Pulp: stone ratio

For the estimation of pulp:stone ratio, fifteen fruits were randomly
selected from each replication. The flesh of fruit was separated from
the stone and the ratio between the weights of pulp and stone was
worked out for all the treatments.

QOil content

Oil content of fruit pulp was estimated by the Soxhlet extraction
method using hexane as a solvent (AOAC, 1980) and expressed in
percentage on a fresh weight basis.

Macro-nutrient

For estimation of the macro-nutrient status of experimental trees,
one hundred fully expanded leaves of each treatment along with
petioles were sampled from the middle portion of the previous
season’s shoots situated all around the canopy of the tree as
recommended by Chapman (1964). Cleaning, drying, grinding and
storing of samples were carried out in accordance with the
procedures outlined by Kenworthy (1964). For the estimation of N,
0.5 g of plant material was digested in 15 to 20 ml concentrated
sulphuric acid in the presence of a digestion catalyst as described
by Jackson (1973). The aliquot thus derived was used for the
estimation of total N by micro Kjeldahl method (AOAC, 1980). The
estimation of P, K, Ca and Mg digestion was done in a triacid
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mixture containing concentrated nitric acid, perchloric acid and
sulphuric acid in the ratio of 10:4:1. All precautions, as suggested
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aTlsi 0.6% ZnSO4 +
0.4% Boric acid

Figure 1. Layout of the experimental field.
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by Piper (1966), for wet digestion of leaf samples were taken. The
volume of aliquot was made to 100 ml and filtered through
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Table 1. Effects of girdling and zinc and boron application on shoot extension growth and chlorophyll

content in olive cv. Frontoio.

Shoot extension growth (cm)

Chlorophyll content (mg g'l)

Treatment
2008-2009 2009-2010 Pooled 2008-2009 2009-2010 Pooled

T 6.10 6.63 6.37 1.10 1.02 1.06
T2 5.74 6.46 6.10 1.17 1.11 1.14
Ts 6.65 6.64 6.65 1.25 1.18 1.21
Ty 6.72 6.90 6.81 1.36 1.30 1.33
Ts 7.10 6.82 6.96 1.42 1.37 1.40
Te 7.00 7.27 7.14 1.21 1.16 1.18
T7 7.24 7.30 7.27 1.32 1.27 1.29
Ts 7.53 7.46 7.49 1.40 1.35 1.38
Ty 7.88 7.62 7.75 1.28 1.21 1.24
Tio 8.03 7.65 7.84 1.44 1.31 1.38
T1u1 8.22 7.81 8.02 1.53 1.47 1.50
Ti2 8.46 7.89 8.18 1.35 1.30 1.32
Tis 9.22 8.15 8.69 1.48 1.42 1.45
T4 9.15 8.37 8.76 1.51 1.45 1.48
Tis 9.40 8.26 8.83 1.31 1.25 1.28
Tie 9.41 8.38 8.90 1.38 1.32 1.35
Ti7 9.39 8.44 8.92 1.43 1.38 1.40
C.D (.05 1.11 1.35 0.86 0.11 0.13 0.08

Whatman no.l filter paper. Total P was determined by the
Vanadomolybdo phosphoric yellow colour method as described by
Jackson (1973), while total K in the plant sample was estimated
with the help of a Corning 410 digital Flame photometer. Calcium
and Magnesium were determined on an Atomic Absorption
Spectrophotometer.

RESULTS AND DISCUSSION

Effects of girdling and micro-nutrients on shoot
extension growth of olive

The shoot extension growth was significantly influenced
by girdling and micro-nutrient sprays of zinc and boron
(Table 1). During 2008 to 2009, maximum shoot
extension growth (9.41 cm) was recorded in trees
sprayed with 0.6% zinc sulphate in combination with
0.5% boric acid which was statistically similar to shoot
extension growth recorded in trees sprayed with 0.6%
zinc sulphate in combination with 0.4% boric acid (9.40
cm), 0.6% zinc sulphate in combination with 0.6% boric
acid (9.39 cm), 0.5% zinc sulphate in combination with
0.5% boric acid (9.22 cm), 0.5% zinc sulphate in
combination with 0.6% boric acid (9.15 cm) and 0.5%
zinc sulphate in combination with 0.4% boric acid (8.46
cm) whereas, minimum shoot extension growth (5.74 cm)
was recorded in girdled trees. However, during the
second year (2009 to 2010), shoot extension growth
ranged from 6.46 to 8.44 cm, maximum shoot extension
growth (8.44 cm) was recorded with 0.6% zinc sulphate

in combination with 0.6% boric acid and least shoot
extension growth (6.46 cm) was recorded in girdled trees.
Pooled data showed maximum shoot extension (8.92 cm)
in trees sprayed with 0.6% zinc sulphate in combination
with 0.6% boric acid. The treatments viz., 0.6% zinc
sulphate in combination with 0.5% boric acid, 0.6% zinc
sulphate in combination with 0.4% boric acid, 0.5% zinc
sulphate in combination with 0.6% boric acid, 0.5% zinc
sulphate in combination with 0.5% boric acid and 0.5%
zinc sulphate in combination with 0.4% boric acid were
equally effective in registering shoot extension growth
within the range of 8.18 to 8.90 cm. Minimum shoot
extension growth (6.10 cm) was registered in girdled
trees. These findings are in accordance with the results
obtained by Singh et al. (2009). They found that
interactions of zinc, at higher levels and boron either at
lower or higher concentration caused significant
improvement in shoot length of mango cv. Dashehari.
Decrease in shoot extension growth was recorded in
olive trees with girdling as compared to untreated trees
and is in consonance with the findings of Ungerer and
Steyn (2009) and Choi et al. (2010) who also observed
decreased shoot growth in persimmon with girdling as
compared to untreated trees.

Effects of girdling and micro-nutrients on leaf

chlorophyll content of olive

During 2008 to 2009, the highest leaf chlorophyll content



1358 Afr. J. Agric. Res.

Table 2. Effects of girdling and zinc and boron application on fruit size, fruit weight and fruit volume of olive cv. Frontoio

Treatment Fruit size (cm) Fruit weight (g) Fruit volume (cmd)
2008-2009 2009-2010  Pooled 2008-2009  2009-2010  Pooled 2008-2009 2009-2010  Pooled

T1 127 1.29 1.28 113 1.18 115 131 1.33 132
T2 1.34 1.37 1.35 121 1.26 1.24 1.39 141 1.40
Ts 131 133 1.32 1.16 122 119 1.35 1.37 1.36
Ta 1.34 1.36 1.35 1.20 1.24 1.22 1.38 1.40 1.39
Ts 1.35 1.39 137 122 127 1.24 1.40 141 141
Te 1.36 1.38 137 121 1.28 1.24 1.40 142 141
Tz 1.43 1.40 1.42 1.27 1.30 1.28 1.44 1.46 1.45
Ts 1.45 141 143 1.29 133 131 1.44 1.47 1.46
To 1.44 144 144 127 1.36 1.32 1.46 1.49 1.48
Two 151 1.46 1.49 1.32 1.38 1.35 1.50 153 151
Tu 1.55 143 1.49 1.34 141 1.38 1.49 154 152
T 152 1.52 1.52 1.32 1.45 1.39 151 1.55 153
T 1.60 154 157 1.39 1.50 1.45 1.59 1.63 161
T 1.62 151 1.56 141 151 1.46 153 1.64 1.58
Tis 1.56 154 1.55 1.35 1.48 1.42 1.55 1.59 157
Ti6 1.60 1.56 1.58 1.38 1.49 1.44 1.58 1.63 161
Tu 1.62 157 1.59 1.39 151 1.45 1.59 1.62 1.60
C.D (005 0.09 0.08 0.06 0.07 0.03 0.04 0.08 0.05 0.05

(1.53 mg g* ™) was observed in trees sprayed with 0.4%
zinc sulphate in combination with 0.6% boric acid (Table
1) closely followed by trees sprayed with 0.5% zinc
sulphate in combination with 0.6% boric acid, 0.5% zinc
sulphate in combination with 0.5% boric acid, 0.4% zinc
sulphate in combination with 0.5% boric acid and 0.6%
zinc sulphate in combination with 0.6% boric acid
registering values of 1.51, 1.48, 1.44 and 1.43 mg g™ %,
respectively which were similar to each other, whereas
the lowest leaf chlorophyll content (1.10 mg g* ™) was
obtained in untreated trees which was similar to the
chlorophyll content recorded in girdled trees (1.17 mg g™~
Y. The results from the second year also exhibited
similar patterns as those observed in the first year of
study. The leaf chlorophyll content ranged from 1.02 to
1.47 mg g™ * registering the highest chlorophyll content
(1.47 mg g* ™) in trees sprayed with 0.4% zinc sulphate
in combination with 0.6% boric acid and the lowest leaf
chlorophyll content (1.02 mg g™ ™) in untreated trees. The
pooled data showed highest leaf chlorophyll content of
150 mg g* ™ in the trees sprayed with 0.4% zinc
sulphate in combination with 0.6% boric acid and was at
par with the values found in trees sprayed with 0.5% zinc
sulphate in combination with 0.6% boric acid (1.48 mg g™
1y and 0.5% zinc sulphate in combination with 0.5% boric
acid (1.45 mg g* ). The lowest leaf chlorophyll content
(1.06 mg g* ™) was found in control. The findings in the
present study are in line with the results obtained by
Keshavarz et al. (2011) who recorded the highest
chlorophyll index in Persian walnut with foliar application
of 1050 mg L™ zinc in combination with 174 mg L™ boron.

The increase in leaf chlorophyll content with foliar sprays
of zinc and boron can also be attributed to the fact that
zinc is part of the carbonic anhydrous enzyme, present in
all the photosynthetic tissues and it is required for
chlorophyll biosynthesis (Ryugo, 1988). Nitrogen and
magnesium are the main constituents of chlorophyll and
nitrogen and magnesium status of leaves in trees is
when is improved when sprayed with zinc and boron.
However, in the present investigation girdling exerted no
significant improvement in total leaf chlorophyll content.
The lack of response to girdling in enhancing chlorophyll
may be due to elevated starch level in the leaves of
girdled shoots which inhibited the photosynthetic activity
as reported by Proietti and Tombesi (1990) who also
obtained similar results with girdling in olive cv. Leccino.

Effects of girdling and micro-nutrients on physical
parameters of olive

All the physical parameters of fruits viz., fruit size, fruit
weight and fruit volume were significantly increased with
girdling as well as with foliar application of zinc sulphate
and boric acid applied singly or in combination with each
other (Table 2). Foliar spray of 0.5% zinc sulphate and
0.5% boric acid was found to be the best in enhancing all
the physical parameters of olive fruits. A positive effect of
girdling on fruit size and weight has been reported in
grapes (Ahmad et al., 2005), persimmon (Choi et al.,
2010) and peach (Chanana and Gill, 2006). A positive
effect of zinc on fruit weight, size and volume, as the one



Jasrotia et al.

Table 3. Effects of girdling and zinc and boron application on pulp:stone ratio and oil content of olive cv. Frontoio

Pulp:stone ratio

Oil content (%)

1359

Treatment = 152009 2009-2010 _ Pooled 2008-2009 2009-2010 Pooled
T 221 2.28 2.24 2123 (4.72)  20.68 (4.66)  20.96 (4.69)
T, 2.28 2.36 2.32 22.20 (4.82) 22,03 (4.80)  22.12 (4.81)
Ts 225 2.66 2.45 21.86 (4.78) 21.84 (4.78)  21.85 (4.78)
T 2.28 2.36 2.32 22.28 (4.82) 2257 (4.85)  22.42 (4.84)
T 230 238 2.34 22.62 (4.86) 2202 (4.89)  22.77 (4.88)
Te 2.30 2.39 2.34 23.11 (4.91) 2341 (4.94)  23.26 (4.93)
T, 233 2.42 2.37 23.10 (4.91) 23.40 (4.94)  23.25 (4.92)
Ts 2.35 2.43 2.39 23.19 (4.92) 23.49 (4.95)  23.34 (4.93)
T 2.36 2.46 2.41 24.02 (5.00) 24.30 (5.03)  24.16 (5.02)
Tio 2.39 2,50 2.44 24.01 (5.00) 2428 (5.03)  24.15 (5.01)
Tu 2.39 2.50 2.44 23.66 (4.97) 24.25(5.02)  23.96 (4.99)
Tir 2.44 2,56 2.50 25.25 (5.12) 2553 (5.15)  25.39 (5.14)
Tis 2.49 2.60 2,55 25.26 (5.12) 25.50 (5.15)  25.38 (5.13
Tia 2.43 257 2.50 24.73 (5.07) 25.01(5.10)  24.87 (5.09)
Tis 2.48 259 253 25.49 (5.15) 25.75 (5.17)  25.62 (5.16)
Tie 251 2.62 2,56 25.17 (5.12) 25.36 (5.13)  25.27 (5.13)
Tir 253 2.60 257 24.77 (5.08) 25.05(5.10)  24.91 (5.09)
C.D (009 0.05 NS 0.12 0.07 0.07 0.05

*Figures in the parentheses are transformed mean, NS: Non-significant.

the one obtained in the present investigation, has also
been reported by Sharma et al. (2003) in kagzi lime and
Singh et al. (2009) in mango as zinc is required to obtain
good fruit size being the part of the carbonic anhydrous
enzyme, present in the photosynthetic tissues and also
required for chlorophyll biosynthesis (Ryugo, 1988).
Similarly, boron application also resulted in an increase of
fruit weight, size and volume.

The beneficial effect of boron on these parameters
might be due to its role in cell division and cell elongation.
Similar findings have been reported by Dutta (2004) in
mango; Bybordi and Malakouti (2006) in almond and
Yadav et al. (2010) in aonla. In the present investigation,
the use of zinc and boron together might have acted
synergistically thereby improving the physical parameters
of olive fruit. Similar results have been obtained by Banik
and Sen (1997) who observed a significant increase in
fruit weight with the application of zinc in combination
with boron in mango whereas, Tarig et al. (2007) also
obtained maximum fruit size and fruit volume with foliar
spray of zinc and boron in Blood Red cultivar of sweet
orange.

Effects of girdling and micro-nutrients on pulp: stone
ratio of olive

In the first year of study (Table 3), pulp:stone ratio
reached to a maximum of 2.53 in trees sprayed with 0.6%
zinc sulphate in combination with 0.6% boric acid closely

followed by trees sprayed with 0.6% zinc sulphate in
combination with 0.5% boric acid, 0.5% zinc sulphate in
combination with 0.5% boric acid and 0.6% zinc sulphate
in combination with 0.4% boric acid registering values of
2.51, 2.49 and 2.48, respectively and were similar to
each other.

The pulp: stone ratio during the second year of
experimentation (2009 to 2010) ranged from 2.28 to 2.62
wherein, the maximum pulp:stone ratio (2.62) was
recorded in trees sprayed with 0.6% zinc sulphate in
combination with 0.5% boric acid and the minimum pulp:
stone ratio (2.28) was obtained under untreated trees.
The pooled data showed that maximum pulp:stone ratio
(2.57) was observed in trees sprayed with 0.6% zinc
sulphate in combination with 0.6% boric acid closely
followed by trees sprayed with 0.6% zinc sulphate in
combination with 0.5% boric acid, 0.5% zinc sulphate in
combination with 0.5% boric acid, 0.6% zinc sulphate in
combination with 0.4% boric acid, 0.5% zinc sulphate in
combination with 0.6% boric acid, and 0.5% zinc sulphate
in combination with 0.4% boric acid registering pulp:stone
ratioss of 2.56, 2.55, 2.53, 2.50 and 2.50, respectively,
and were similar to each other. The minimum pulp: stone
ratio (2.24) was found in untreated trees.

The results are in conformity with the findings of Hamdy
et al. (2007) who obtained the highest pulp:stone ratio in
mango cv. Hindy Bisinara with foliar application of a
mixture containing citric acid (500 ppm), boric acid
(0.025%), chelated zinc (0.05%) and magnesium
sulphate (0.25%).
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Table 4. Effects of girdling and zinc and boron application on total leaf N, P, K, Ca, and Mg in olive cv. Frontoio

N (%) P (%) K (%) Ca (%) Mg(%)
Treatment
Pooled Pooled Pooled Pooled Pooled

Ti 1.58(1.60)* 0.216(1.10) 1.57(1.60) 1.50(1.58) 0.135(1.06)
T2 1.62(1.62) 0.227(1.11) 1.67(1.63) 1.62(1.62) 0.141(1.07)
T 1.61(1.62) 0.225(1.12) 1.67(1.63) 1.60(1.61) 0.145(1.07)
Ta 1.64(1.63) 0.226(1.11) 1.67(1.63) 1.63(1.62) 0.148(1.07)
Ts 1.62(1.62) 0.226(1.11) 1.69(1.64) 1.65(1.63) 0.149(1.07)
Te 1.62(1.62) 0.224(1.11) 1.69(1.64) 1.66(1.63) 0.146(1.07)
T 1.60(1.61) 0.224(1.12) 1.70(1.64) 1.65(1.63) 0.148(1.07)
T 1.61(1.62) 0.219(1.10) 1.72(1.65) 1.65(1.63) 0.147(1.07)
To 1.61(1.62) 0.226(1.12) 1.72(1.65) 1.67(1.63) 0.146(1.07)
Tio 1.68(1.64) 0.224(1.12) 1.72(1.65) 1.68(1.64) 0.148(1.07)
Tu 1.68(1.64) 0.219(1.10) 1.73(1.65) 1.66(1.63) 0.150(1.07)
T2 1.68(1.64) 0.220(1.10) 1.74(1.65) 1.71(1.64) 0.147(1.07)
Tis 1.61(1.61 0.223(1.10) 1.71(1.64) 1.71(1.64) 0.149(1.07)
Tua 1.61(1.61) 0.220(1.10) 1.70(1.64) 1.68(1.64) 0.151(1.07)
Tis 1.64 (1.63) 0.222(1.10) 1.71(1.64) 1.72(1.65) 0.150(1.07)
Tis 1.66(1.63) 0.221(1.11) 1.71(1.65) 1.70(1.64) 0.153(1.07)
T 1.63(1.62) 0.222(1.10) 1.72(1.65) 1.68(1.64) 0.154(1.07)
C.D (005 NS NS 0.02 0.02 0.003

*Figures in the parentheses are transformed mean, NS: Non-significant.

Effects of girdling and micro-nutrients on oil content
of olive

Application of 0.6% zinc sulphate in combination with
0.4% boric acid resulted in the highest oil content
((25.49%)%) which was significantly higher compared to
all other treatments during the year 2008 to 2009,
whereas the minimum oil content (21.23%) was extracted
from fruits of untreated trees (Table 3). During the second
year of investigation, application of 0.6% zinc sulphate in
combination with 0.4% boric acid resulted in significantly
higher oil content (25.75%) as compared to all other
treatments tried in this study while, it was minimum
(20.68%) in control. From the pooled data it is evident
that the highest oil content (25.62%) was obtained in fruits
from trees sprayed with 0.6% zinc sulphate in combination
with 0.4% boric acid, which was significantly higher than all
other treatments. The minimum oil content of 20.96%% was
recovered from fruits of untreated trees. Overall
improvement in fruit weight, size and pulp: stone ratio in
the present study might be responsible for increased oil
contents in olive fruit and the results obtained are in
consonance with the findings of Jordao and Lietao (1990)
who reported that there was a positive correlation
between the fruit Zn concentration and the weight and oil
content of the olive fruit.

Effects of girdling and micro-nutrients on leaf N, P, K,
Ca and Mg content of olive

In the present study, leaf nitrogen and phosphorus were

not affected by girdling and foliar application of zinc
sulphate and boric acid applied singly or in combination.
However, leaf potassium, calcium and magnesium were
increased as compared to untreated trees (Table 4).
Foliar application of boric acid and zinc sulphate had
significant effects on the concentration of nitrogen,
phosphorus and potassium in leaves and fruits of olive
cultivar Zard as reported by Taheri and Talaie (2001) and
the results obtained in the present study are in line with
their findings.

Conclusion

From this study it may be concluded that foliar application
of zinc sulphate in combination with boric acid resulted in
better growth, physical characteristics and oil content of
olive fruits as compared to control and single application
of zinc sulphate or boric acid. Application of 0.5% zinc
sulphate in combination with 0.5% boric acid proved to be
the best for improving the shoot extension growth,
chlorophyll content of leaves, fruit size, weight and
volume, pulp:stone ratio and oil content of olive cv.
Frontoio.
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