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ABSTRACT

This study was carried out during 2017 and
2018 seasons on adult Picual olive cv. (8 years
old) in a private orchard located at Cairo Ismailia
Desert Road, (about 80 Km from Cairo), Ismailia
Governorate, Egypt. Trees are grown in sandy soil,
under drip irrigation system, uniform in shape and
received the common horticultural practices, there-
fore, this work aims to study the effect of spraying
different concentrations and dates spray of algae
and moringa leaf extract (MLE) for tow times on
the vegetative growth, leaf mineral contents, yield
and fruit chemical properties of Picual olive trees.
Results indicated that all different spraying treat-
ments of algae and moringa extract at different
spraying dates had a positive effect on vegetative
growth, leaf mineral contents, fruit set, yield and
fruit chemical properties in comparison with the
control. Treatments of algae extract at 0.4% +
moringa leaves extract at 2% and algae extract at
0.4% + moringa leaves extract at 4% were the
most effective treatments to increase vegetative
growth, improve leaf mineral content, fruit set, yield
and oil content. Thus, these treatments can be
recommended for commercial use under similar
conditions

Keywords: Olive trees, Picual, Algae extract,
Moringa leaves extract, Vegetative growth, Leaf
mineral content, Yield, Fruit quality

INTRODUCTION

Olive tree (Olea europaea L.) is one of the old-
est agricultural crops of remarkable economic and
cultural importance in the Mediterranean Basin, it
also represents as a widely distributed fruit tree in
the world (FAO, 2017). The olive is an evergreen
tree, belongs to family Oleaceae and includes
many cultivars which are used for pickling and oil
extraction. In addition, olive is well adapted to a
wide range of growing conditions and soils. Ac-
cording to Ministry of Agriculture and Land Recla-
mation (M.A.L.R., 2016) the cultivated area with
olive was increased gradually and reached
243,182 feddans produced 874,748 tons with av-
erage of 3.59 tons per feddan. Picual olive cv. was
introduced from Spain to Egypt and considered
one of the best and main widely planted cultivar in
Egypt. Moreover, most of the olive trees in Egypt
are planted in new reclaimed areas; the majority of
these areas are sandy soil that lacked of macro
and micro-nutrients. In addition, the successful
orchard management practices are directed toward
obtaining a suitable yield with good fruit quality.
One of the most important cultural practices is the
mineral nutrition especially in the new reclaimed
land. So, foliar spraying application has a high effi-
ciency to satisfy plant requirement with nutrient
elements quickly, directly and economic than soil
application fertilizer.

Application of seaweed extract had been
known for many years as soil fertilizers and plant
growth supplements in agriculture giving beneficial
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effects including, increase in crop vyield, fruit yield,
improving fruit fresh weight and high chlorophyll
levels in the leaves of the plant, improving nutrient
uptake by the crops. Algae extract as a new bio-
fertilizer containing N, K, P, Mg, Ca, and S as well
as Fe, Zn, Mn, Mo, Cu, and Co, polyamines, vita-
mins and some growth regulators was applied to
improve nutritional status, vegetative growth, yield
and fruit quality in different orchards as well as
vineyards (Abd EI-Migeed et al 2004) on olive
seedling (Spinelli et al 2009 and EI-Sharony et al
2015) on mango trees. The mechanisms effects of
algae extract on cell metabolism are observed
mainly through the physiological action of macro
and micro nutrients, vitamins, amino acids, and
growth regulators which affect cellular metabolism
in treated plants that leading to enhance growth
and crop yield (Abd El-Motty and Abd El-migeed
2010). Liquid extracts obtained from seaweeds
have gained importance as foliar sprays for several
crops (Bokil et al 1974) because of their extract
contain growth promoting hormones (IAA and IBA),
cytokinins and trace elements (Fe, Cu, Zn, Co, Mo,
Mn and Ni) as well as vitamins and amino acids
(Zodape et al 2011). When aqueous extract of
seaweeds applied as a foliar spray on Zizyphus
mauritiana showed an increase in yield and quality
of vegetable crops (Rama Rao, 1991). Applying
seaweed extract increased the response of differ-
ent growth parameters and yield responses of wa-
termelon (Abdel-Mawgoud et al 2010). In this
respect, Shehata et al (2011) on Celeriac plants,
Fawzy et al (2012b) on Chinese garlic plants,
Hernandez et al (2013) and Shabana et al (2015)
on tomato plants found that foliar spraying of sea-
weed extract gave the highest values of vegetative
growth, yield and fruit quality. However, Ghurbat
(2013) on sweet pepper plants reported that spray-
ing seaweed extract led to positive significant dif-
ference in plant height (cm), leaves chlorophyll
content % and total yield as well as fruit diameter,
fruit length, fruit dry weight, fruit weight, vitamin C,
TSS %, yield per plant and total yield as compared
to control plants.

Moringa oleifera belongs to family Moringaceae
which is considered the most widely cultivated
tropical trees (Shahzad et al 2013). The moringa
leaf extract (MLE) is considered as a natural plant
growth regulator where, it is a source of zeatin (a
natural derivative of cytokines), proteins, phenols,
vitamin E, ascorbic acid, essential amino acids and
several mineral elements and making it as a poten-
tial natural growth stimulant, as mentioned by
Howladar (2014) and Rady et al (2015). Other

reports showed that moringa extract plays a role as
a plant hormone which enhances vegetative
growth and yield of crops. The frequent excessive
use of chemical inputs have been accused for ad-
verse effects on the quality of environment be-
cause they have potentials to disturb the ecological
balance of soils and make plants even more sus-
ceptible to pests and diseases (Fawzy et al
2012a). Now there is an increasing demand for
sound and ecologically compatible and techniques
for environment friendly in agriculture, able to pro-
vide enough food for the growing human popula-
tion, retaining quality of soil and improving the
quantity and quality of agricultural products (Rus-
so et al 2012). Therefore, this work is aimed to
investigate the effect spraying different of concen-
trations and spraying dates of algae and moringa
leaf extract (MLE) on the growth, leaf mineral con-
tents, yield and fruit quality of Picual olive trees.

MATERIAL AND METHODS

This study was carried out during two succes-
sive seasons (2017 and 2018) in a private orchard
located at Cairo-Ismailia Desert Road (about 80
Km from Cairo), Ismailia governorate, Egypt. The
study was conducted on 8 years old olive trees of
Picual cv., planted at 4 X 6 m apart grown in sandy
soil, under drip irrigation system. The selected
trees were uniformed in shape and received the
common horticultural practices. The orchard soil
analysis are given in Table (1) and the water irriga-
tion analysis are given in Table (2) according to
procedures which are outlined by Wild et al
(1985).

Table 1. Some physical and chemical properties of
the orchard soil

Depth of simple (cm)
Parameters Surface 30cm 60 cm
sample depth depth
pH 8.02 8.70 8.11
EC(dSm-1) 3.80 0.80 1.70
Soluble cations (meq\l)
ca"" 6.00 2.50 3.00
Mg*™ 4.00 1.50 1.50
Na* 28.60 4.40 12.90
K" 0.12 0.14 0.78
Soluble anions (meq\l)
COy - - -
HCO3 4.40 2.40 2.00
cr 27.20 5.00 13.00
SO, 7.12 1.14 3.18
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Table 2. Chemical characteristics of the used
water well for the present study

parameters Values
pH 7.49
EC(dSm-1) 4.40
Soluble cations (meq/l)
Ca++ 7.50
Mg++ 5.00
Na+ 33.1
K+ 0.16
Soluble anions (meq/l)
COs” -
HCO3 1.60
cr 40.00
S04 4.16

Preparation of moringa leaves extract (MLE)

The new shoots of the moringa plants were
harvested at 35 days after emergence. An amount
of 20 g of young moringa leaves was mixed with
675 ml of 80 % ethanol as suggested by Makker
and Becker (1996). The suspension was grind
and stirred using a homogenizer to maximize the
amount of the extract. The solution was then fil-
tered by wringing the solution using a mutton cloth.
The solution was re-filtered using No. 2 whatman
filter paper using the method developed by Fuglie
(2000). The extract was used within five hours from
cutting and extracting (if not ready to be used, the
extract or solution prepared was stored at 0°C and
only taken out when needed for use).

Algae extract obtained from Union for Biotech-
nology Unit, NRC and chemical constituents are
shown in Table (3).

Table 3. Chemical composition of some macro- and micronutrients and growth hormones of blue green

algae extract used in the experiment study

. Crude pro- Macronutrients (%) Micronutrients (ppm)
Moisture % o
tein % N P K Ca Mg Fe Zn Mn | Cu
4.77 58.25 112 | 165 | 0.88 | 0.33 | 0.01 1936 33 73 14
Growth hormones (%)
Cytokinins Betanin Alginic Zeatine Mannitol Oligo sccharide
0.001 0.03 4.8 0.002 0.001 2.9

The selected trees were sprayed with algae
and moringa leaf extract at different concentrations
and dates (i.e. mid of November or mid of Decem-
ber) each date had a separate group of trees dur-
ing the two studied seasons as follow:
1. Control treatment (spray with water only)
2. Tree spray with algae extract at 0.2%.
3. Tree spray with algae extract at 0.4%.
4. Tree spray with moringa leaves extract
(MLE) at 2%.

5. Tree spray with moringa leaves extract at
(MLE) 4%.

6. Tree spray with algae extract at 0.2% +
moringa leaves extract at 2%.

7. Tree spray with algae extract at 0.2% +
moringa leaves extract at 4%.

8. Tree spray with algae extract at 0.4% +
moringa leaves extract at 2%.

9. Tree spray with algae extract at 0.4% +
moringa leaves extract at 4%.

Both group of trees which sprayed at Novem-
ber or December received other two spraying
dates i.e. the first at full bloom and the second af-
ter fruit set. Each treatment was represented by
three replicates (one tree per replicate) which were
chosen randomly and on early November of each
season, twenty healthy one-year old shoots well
distributed around the canopy were randomly se-
lected and labeled (5 shoots for each direction) for
carrying out the following measurements:

Vegetative parameters

At the end of each growing season, during first
week of September the following characteristics
were measured.

1- Number of leaves per shoot

2- Leaf area (sz) according to Ahmed and
Morsy (1999) using the following equilibration:

Leaf area = 0.53 (length x width) + 1.66.
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Leaf mineral contents

At the end of each growing season, during first
week of September, leaf samples were collected,
washed and dried at 70°C until constant weight
and then grind for determination the following nu-
trient elements (as percentage of dry weight):

1- Nitrogen: Using the modified micro -
kjeldahl method as lined by Pregl (1945).

2- Phosphorus: Was estimated as the meth-
od described by Chapman and Pratt
(1961).

3- Potassium: Was determined using Flame
photometer according to Brown and Lil-
leland (1946).

Fruit Set: Fruit set percentage as number of fruits /
meter after 60 days from full bloom as final fruit set
was calculated as follow:

Final fruit set (%) = [Number of fruit set (60
days after full bloom) / shoot length (cm)] x 100

Fruit Yield: Fruits were harvested at ripening
stage on end of October in 2017 and 2018 years.
Each individual tree was harvested manually and
weight of fruits/tree for all trees was measured.
Average yield (kg) /tree was determined for each
treatment.

Chemical properties of fruit

1- Fruit oil content %: Oil percentage was deter-
mined in the fruit flesh on dry weight basis us-
ing soxhlet oil extraction apparatus with Hex-
ane 60-80°C boiling point, according to Banat
et al (2013).

2-Acid value: It was determined according to the
Deffenbacker and Pocklingon (1992), since
five grams of oil were accurately weighed in
250 ml dry conical flask with about 100 ml of
neutralized 50% ethanol+ 50% petroleum ether
to dissolve the oily sample. Acidity of the sam-
ple was determined by titration with 0.1 N of
potassium hydroxide solution in the presence
of phenolphthalein as an indicator. The acid
value was calculated according to the following
equation.

V x N x5.61 x 100
Weight of sample

Acid percentage =

Where,
V = Volume of KOH solution
N = Normality of potassium hydroxide solution

3-The peroxide value: The peroxide value was
determined according to Jacobs (1959) by dis-
solving 5 g of the oil in a mixture consisting of
60% glacial acetic acid + 40% chloroform. The
solution was treated with approximately 0.5 ml of
saturated solution of potassium iodide in glass
stoppard flask. The flask was shacked in rotary
for exactly two minutes, after which 30 ml of dis-
tilled water was added, and the liberated iodine
was titrated with 0.01 N sodium thiosulfate using
1% of starch solution as external indicator.
The results were calculated in mill moles per
kilogram oil according to the following equation.

0.5x N xV x 100
Weight of sample

Peroxide value =

Where,

N = Normality of sodium thiosulfate solution

V = Volume in ml. of sod. thiossulfate needed
for titration

4-lodine value: The degree of instauration of oil
was determined by measuring the amount of halo-
gen absorbed by the oil as stated in Deffenbacker
and Pocklingon (1992), since 0.1-0.5 g of oll
was dissolved in 10 ml of chloroform and 25 ml of
Hanus iodine solution were added. After 30 min.
10 ml of 15 % potassium iodine solution and 100
ml of freshly boiled cooled distilled water were
added. The liberated iodine was titrated with 0.1 N
of sodium thiosulfate using starch indicator.

(Vl-Vz) X N x12.69
Weight of sample

lodine value =

Where,

N = Normality of sodium thiosulfate solution

V1 = Volume in ml. of sod. Thiossulfate needed
for titration Blank

V2 = Volume in ml. of sod. Thiossulfate needed
for titration sample

Experimental Design and Statistical Analysis

This work was conducted as factorial experi-
ment. Treatments were arranged in a completely
randomized block design with three replicates for
each treatment. The statistical analysis of the data
was performed using MSTAT statistical program.
The data was analyzed by ANOVA to determine
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the significance of the treatments and the least
significant difference (LSD) was used for treatment
means comparisons at p = 0.05 according to
Snedecor and Cochran (1980).

RESULTS

Vegetative Parameters

Results presented in Table (4) show that num-
ber of leaves per shoot was significantly affected
by spraying algae and moringa leaves extract indi-
vidually or in combination at both spraying dates in
two studied seasons. As for tree spray with algae
extract at 0.2% + moringa leaves extract at 4%
(T6) and tree spray with algae extract at 0.4% +
moringa leaves extract at 4% (T8), recorded the
highest value in this respect, since it was 41.08
and 45.63 in both studied seasons. Meanwhile, the
lowest one was under control treatment (33.35 and
32.44) during the first and second seasons, re-
spectively. Regarding the time of foliar application
it observed that November spraying date was sig-
nificantly higher value (37.54) than December one
(36.85) in the first season, meanwhile in the se-
cond one, there was no significant differences be-
tween spraying dats. Concerning interaction effect,
trees sprayed with algae extract at 0.2% + moringa

leaves extract at 4% (T6) in December recorded
the highest significant value in this respect. On the
other hand, trees sprayed with algae extract at
0.4% + moringa leaves extract at 4% (T8) in No-
vember and December scored the highest value in
this respect since it was 45.66 and 45.60 for No-
vember and December, respectively in the second
season.

Concerning leaf area results in the same table
reveal that all different treatments increased leaf
area as compared with control treatment. Tree
spray with algae extract at 0.4% + moringa leaves
extract at 4% (T8) recorded the highest leaf area
(4.20 and 4.80 cm?) in the first and second sea-
sons, respectively. Meanwhile, the value one was
under control treatment (3.71 and 3.73 cm?) in the
first and second seasons, respectively. On the
other hand, in respect to the time of foliar applica-
tion it observed that November spraying date was
significantly higher (4.04 cm?) than December one
(3.93 cm?) in the first season, meanwhile in the
second one there was no significant differences for
spraying time. As for interaction effect, trees
sprayed with algae extract at 0.4%+ moringa
leaves extract at 4% (T8) in December recorded
the highest value in this respect (4.31 and 4.92
sz) in the two studied seasons, respectively.

Table 4. Effect of foliar applications with algae and moringa leaves extracts on vegetative growth of Picual

olives in 2017 and 2018 seasons.

No. of leaves / shoot Leaf Area (cm2)
2017 2018 2017 2018
Treat.
Spraying date Spraying date Spraying date Spraying date
Mean Mean Mean Mean
Nov. Dec. Nov. Dec. Nov. Dec. Nov. Dec.

Cont. | 32.86 gh (33.83fgh| 33.35F [ 32.07n|32.80m| 32441 | 3.71g | 3.76g | 3.73D | 3.73i | 3.74i | 3.74G
T1 38.00d |40.25c |39.12B | 33.25| {32.75m|33.00H |3.95de | 3.85f | 3.90C | 4.41e | 4.049g | 423D
T2 37.25de |34.33fg|35.79DE| 35.60 | 36.00i [35.80G| 4.26a [3.98cd| 4.11B | 4.23f | 3.91h | 407E
T3 44.24 b |33.75fgh| 38.99B | 41.50 e | 40.00g |40.75E | 3.97d | 3.78f | 3.87C | 4.41e | 3.999g | 420D
T4 38.00d |37.67 de| 35.20E |42.60d | 43.00c |42.80B | 4.00cd | 3.86ef | 3.92C | 4.23f | 481b | 452C
T5 38.33d |36.25e |37.29C | 40.37f | 44.50b |42.43C | 4.07bc | 3.82f | 3.95C | 457d | 458d | 4.58B
T6 33.67fgh | 48.50a | 41.08 A |37.00h | 35.20k [36.10 F | 4.20a | 3.91ef | 4.06B | 4.19f | 4.20f | 419D
T7 37.75de | 34.66f | 36.21 D |42.37d|41.30e |41.83D| 4.08b | 418a | 4.13B | 3.78i | 3.99g | 3.88F
T8 37.77de | 32.41h|37.72C | 45.66a|45.60a |45.63A| 4.09b | 431a | 420A | 469c | 492a | 480A

Mean 37.54A* |36.85B* 38.93A* | 39.02A* 4.04 A* | 3.93 B* 4.25 A* | 4.24A%

Mean in each column, row or interaction with similar letter(s) are not significantly different at 5 % level.
T1 = Algae extract at 0.2%, T2 = Algae ext. at 0.4%, T3 = Moringa leaves ext. "MLE" at 2%, T4 =MLE at 4%, T5 = Algae ext. at 0.2% +
MLE at 2%, T6 = Algae ext. at 0.2% + MLE at 4%, T7 = Algae ext. at 0.4% + MLE at 2%, T8= Algae ext. at 0.4% + MLE at 4%.
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Leaf mineral contents

Results presented in Table (5) illustrate the ef-
fect of different spraying treatments alone or in
combination at different dates on leaf nitrogen,
phosphorus and potassium contents of Picual olive
during the two seasons of the study. Nitrogen con-
tent in the leaves was significantly affected by dif-
ferent spraying concentrations and dates in both
seasons. Trees sprayed with algae extract at
0.2%+ moringa leaves extract at 2% (T5) and trees
sprayed with algae extract at 0.4% + moringa
leaves extract at 2% (T7) gave the highest leaf
content of N (2.14 and 2.19%) in both study sea-

Hassan, Abd-Alhamid, Rawheya Aly, Hassan and Laila Hagagg

sons respectively , while control treatment gave the
lowest leaf content of N (1.71 and 1.53%) in the
two seasons. As for date of spray, it can be con-
cluded that treatments sprayed at December pro-
duced the higher value (1.99 and 2.02%) as com-
pared with November (1.83 and 1.93 %) in the first
and second seasons, respectively. Regard to the
interaction effect, trees sprayed with algae extract
at 0.2% + moringa leaves extract at 4% (T6) and
trees sprayed with algae extract at 0.4% + moringa
leaves extract at 2% (T7) recorded the highest
value (2.39 and 2.35%) in this respect in both
study seasons, respectively.

Table 5. Effect of foliar applications with algae and moringa leaves extracts on some macro elements con-

tent of Picual olive leaves in 2017 and 2018 seasons.

N (%) P (%)
2017 2018 2017 2018
Treat. ) ) - -
Spraying date Spraying date Spraying date Spraying date
Mean Mean Mean Mean
Nov. Dec. Nov. Dec. Nov. Dec. Nov. Dec.

Cont. 1.71ab 1.72 ab 1.71H 1.53d 1.53d 1531 0.20a | 0.21a | 0.20E 0.21a | 0.22a |0.21C
T1 1.77 ab 1.78ab | 1.77G | 1.90bcd | 1.76 cd | 1.83H | 0.21a | 0.22a | 0.21CD | 0.22a | 0.22a |0.22BC
T2 1.75 ab 2.00 ab 187E |195a-d| 1.81cd | 1.88G 0.23a 0.23a 0.23 A 0.24 a 0.23a |0.23AB
T3 1.47b 2.12ab 1.80F |1.99abc|2.08abc| 2.03E 0.21a 0.23a | 0.22BC | 0.23a 0.21a |0.22BC
T4 2.14 ab 1.95ab 2.04C |2.08abc|2.10abc| 2.09D 0.21a 0.24a | 0.22AB | 0.24a 0.22a |0.23AB
T5 2.23a 2.05ab 2.14A |2.04abc| 231ab | 2.17B 0.21a 0.20a 0.20E 0.23a 0.23a |0.23AB
T6 1.83 ab 2.39a 2.11B 1.81cd [2.08abc| 1.95F 0.21a 0.21a 0.21D 0.24 a 0.23a |0.23AB
T7 1.74 ab 1.84 ab 1.79F |2.04abc| 2.35a 219A 0.22a 0.22a | 021CD | 0.24a 0.24a | 0.24 A
T8 1.78 ab 2.13 ab 196D [2.08abc|2.17abc| 213C | 0.22a | 0.23a |0.22ABC| 0.25a | 0.24a |0.24A

Mean 1.83 B* 1.99 A* 1.93 B* | 2.02 A* 0.21 B* | 0.22A* 0.23 A* | 0.22A*

K (%)
2017 2018
Treat. K K
Spraying date Spraying date
Mean Mean
Nov. Dec. Nov. Dec.

Cont. 121e 1.20e 1.21H 1.26 ab 1.28 ab 1.27E
Tl 121e 1.34 a-e 127G 1.27 ab 1.33a 1.30D
T2 1.37 a-e 1.35a-e 1.36F 1.32ab 135a 134C
T3 1.30 de 1.54 ad 142D 140a 137a 1.39A
T4 1.32 cde 1.64 ab 148C 1.22 ab 1.30 ab 1.26 EF
T5 1.33 b-e 1.44 a-e 1.38E 1.32ab 1.15b 1.23H
T6 1.38 a-e 1.63 abc 1.51 AB 1.22 ab 1.28 ab 1.25 FG
T7 1.39 a-e 1.65a 1.52 A 1.25ab 1.23ab 1.24 GH
T8 1.36 a-e 1.65a 1.50B 1.35a 1.37a 1.36 B

Mean 1.32 B* 1.49 A* 1.29 A* 1.30 A*

Mean in each column, row or interaction with similar letter(s) are not significantly different at 5 % level.
T1 = Algae extract at 0.2%, T2 = Algae ext. at 0.4%, T3 = Moringa leaves ext. "MLE" at 2%, T4 =MLE at 4%, T5 = Algae ext. at 0.2% +
MLE at 2%, T6 = Algae ext. at 0.2% + MLE at 4%, T7 = Algae ext. at 0.4% + MLE at 2%, T8= Algae ext. at 0.4% + MLE at 4%.
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Regarding phosphorus content in the leaves,
table results clear that spraying trees with algae
extract at 0.4% (T2) exhibited the highest P con-
tent in leaves (0.23%), meanwhile, trees sprayed
with algae extract at 0.4% + moringa leaves extract
at 2% (T7) and trees sprayed with algae extract at
0.4% + moringa leaves extract at 4% (T8) recorded
the highest value in this respect (0.24 and 0.24%,
respectively). On the other hand, control treatment
recorded the lowest value (0.20 and 0.21%) in both
studied seasons. With regard to spraying dates
results clear that treatments spraying in December
gave higher value of phosphorus content in leaves
(0.22%) than sprayed in November (0.21%) in the
first season, meanwhile in the second one there
are no significant differences between spraying
dates. On the other contrary, concerning the inter-
action effect, results showed that no significant
differences between the consent reaction and
spraying date in both seasons of the study.

Concerning potassium content in leaves in Ta-
ble (5), results show that different treatments led to
significant increase in leaf content of K in both
seasons. Spraying with algae extract at 0.4% +
moringa leaves extract at 2% (T7) and spraying
with moringa leaves extract at 2% (T3) produced
the highest values (1.52 and 1.39%) in the first and
second seasons, respectively, while the control
treatment recorded the lowest values in this re-
spect (1.21 and 1.27%). As for spraying dates,
December spray recorded the higher value
(1.49%) as compared with November one (1.32%)
in the first season, meanwhile in the second one,
there was no significant difference between the
spraying dates. Regarding the interaction effect,
spraying trees with algae extract at 0.4%+ moringa
leaves extract at 2% (T7) in December and spray-
ing with algae extract at 0.4% + moringa leaves
extract at 4% (T8) also in December gave the
highest values (1.65 and 1.65%) in this respect in
the first season, while in the second one, trees
sprayed with algae extract at 0.4% + moringa
leaves extract at 4% (T8) exhibited the highest
values (1.35 and 1.37%) during both spraying
dates.

Fruit set and yield kg/tree

Results presented in Table (6) reveal that, fruit
set was significantly increased with all different
treatments compared with the control. Untreated
trees (control) had the lowest fruit set (22.27
and15.80%) in the first and second seasons, re-
spectively. On the other hand, trees received algae

extract at 0.4% + moringa leaves extract at 4%
(T8) reached the maximum fruit set (32.46 and
24.96%) in both seasons, respectively. In addition,
the other treatments recorded intermediate values
in this respect. Regard to spraying date, results
showed that November spray was significantly
higher than December (28.38, 21.07% and 26.27,
20.61% for both November and December in the
first and second seasons, respectively). As for in-
teraction effect between the concentration treat-
ments and spraying dates, results showed that
treee sprayed with algae extract at 0.4% + moringa
leaves extract at 4% (T8) in December recorded
higher values in this respect (33.03 and 25.52%) in
both seasons, respectively.

Regard to yield as kg/tree, results in the Table
(6) reveal that all treatments significantly increased
yield as (kg) per tree than the control in both sea-
sons. In this concern, spraying trees with algae
extract at 0.4% + moringa leaves extract at 4%
(T8) produced the highest yield (kg) per tree (32.81
and 24.31) in the first and second seasons, re-
spectively. On the other hand, the control trees
exhibited the lowest yield in this respect (25.33 and
17.03 kg) in both seasons, respectively. On the
other side, the other treatments were in between
range. Concerning spraying dates in the first sea-
son, spraying in November gave higher yield
(30.73 kg) as compared with spraying in December
(27.49 kg). On the contrary, in the second season
no significant difference were found in this respect.
Concerning interaction effect, spraying trees in
November with algae extract at 0.4% + moringa
leaves extract at 4% (T8) gave the highest value
(33.88 kg) in the first season. However, in the se-
cond one spraying trees with algae extract at 0.4%
+ moringa leaves extract at 4% (T8) recorded the
highest values (24.33 and 24.38 kg) for both No-
vember and December, respectively.

Fruit oil content and acidity

It is clear from results in Table (7), that all dif-
ferent spraying treatments significantly increased
oil content on dry basis than the control during
both seasons. Trees sprayed with algae extract at
0.4% + moringa leaves extract at 2% (T7) gave the
highest oil content (40.44 and 39.87%) in the first
and second seasons, respectively. On the other
side, the control trees exhibited the lowest oil con-
tent (33.25 and 35.45%) in both seasons respec-
tively. Meanwhile, the other treatments were in
between range.
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Table 6. Effect of foliar applications with algae and moringa leaves extracts on final fruit set and yield of
Picual olives in 2017 and 2018 seasons.

Final fruit set (%) Yield (kg/tree)
2017 2018 2017 2018
Treat.
Spraying date Spraying date Spraying date Spraying date
Mean Mean Mean Mean
Nov. Dec. Nov. Dec. Nov. Dec. Nov. Dec.

Cont. 20.651i 23.88h [ 22.27G | 15.70i | 15.90i | 15.80H | 25.00 cd | 25.66bcd | 25.33B | 16.969 | 17.10g | 17.03F
T1 25.47 g |24.40gh | 24.93F | 17.97 h | 18.45gh | 18.21G | 30.66 ad | 25.67bcd | 28.17AB | 18.20 fg | 18.60efg | 18.40E
T2 23.80h | 27.10f | 25.45F | 20.00 ef | 20.70 de | 20.35E | 33.00 a | 25.00 cd | 29.00AB | 21.50 bc | 20.40cde | 20.95CD
T3 31.36 bc | 23.93 h | 27.65D | 19.36 fg | 19.10fgh | 19.23F | 26.66 ad | 24.66 d | 25.67 B | 18.43fg | 19.03 ef | 18.73 E
T4 28.23 ef | 29.25de | 28.74C | 20.73de | 21.75d | 21.24D | 30.00 ad | 27.00 ad | 28.50AB | 19.60def | 21.10bcd | 20.35 D
T5 30.57¢c | 23.21h | 26.89E | 23.07 ¢ | 20.10 ef | 21.58D |32.10abc | 29.66 ad | 30.88 A |22.03 bc | 21.60 bc | 21.82BC
T6 31.76 bc | 21.17i | 26.47E | 24.26 b | 20.93de | 22.59C | 33.27 a |25.67bcd | 29.46AB | 22.07 bc | 21.16bcd | 21.62BC
T7 31.71bc | 30.45cd | 31.08B | 24.21b | 23.03c | 23.62B |32.00abc | 32.33 ab | 32.17A |21.60 bc | 22.73 ab | 22.17B

T8 31.90ab | 33.03a | 32.46A | 24.40b | 25.52a | 24.96A | 33.88a |31.74ad | 32.81A | 24.23a | 24.38a | 24.31A

Mean 28.38 A* | 26.27B* 21.07A* | 20.61B* 30.73A* | 27.49 B* 20.51A* | 20.67A*

Mean in each column, row or interaction with similar letter(s) are not significantly different at 5 % level.
T1 = Algae extract at 0.2%, T2 = Algae ext. at 0.4%, T3 = Moringa leaves ext. "MLE" at 2%, T4 =MLE at 4%, T5 = Algae ext. at 0.2% +
MLE at 2%, T6 = Algae ext. at 0.2% + MLE at 4%, T7 = Algae ext. at 0.4% + MLE at 2%, T8= Algae ext. at 0.4% + MLE at 4%.

Table 7. Effect foliar applications of algae and moringa leaves extracts on flesh oil content and oil acidity of
Picual olives in 2017 and 2018 seasons.

Flesh oil content (%) Oil acidity (%)
2017 2018 2017 2018
Treat.
Spraying date Spraying date Spraying date Spraying date
Mean Mean Mean Mean
Nov. Dec. Nov. Dec. Nov. Dec. Nov. Dec.

Cont. 33.18i 33.32i | 33.25G [ 35.60gh | 35.30h | 3545F | 0.38a | 0.37aa | 0.37F 0.39a 0.38a 0.38G
T1 37.16 g |37.87ef| 37.52E | 36.11fgh | 37.97e |37.04D | 0.44a 0.49 a 046C | 046a 0.49 a 047C
T2 38.82cd | 39.54b | 39.18 B [39.30bcd | 38.80cde | 39.05B | 0.41a 0.53a 047C | 041a 0.55a 048C
T3 38.63d | 37.31fg | 37.97CD | 38.56 de | 36.35fg | 37.46D | 0.51a 052a 0.51A | 0.53a 0.54 a 0.53 A
T4 38.00e | 37.27fg | 37.63DE | 36.70f |39.38bcd|39.04C | 0.49a 03la 0.40E 0.49 a 0.37a 043 E
T5 35.68h | 35.82h | 35.75F | 36.17fgh | 36.25fgh | 36.21E | 0.43a 0.47a 045D | 0.46a 0.46 a 046D
T6 39.66 b |39.30bc | 39.48B | 40.98a |38.55de |39.77A | 0.25a 0.56 a 0.40E 0.39a 0.48 a 043 E
T7 40.94a | 39.93b | 40.44A | 39.99b |39.75bc | 39.87A | 0.50a 0.48 a 0.49B 0.50 a 0.49 a 0.50B
T8 37.09g |39.48b | 38.29C | 37.98e |39.39bcd | 39.69B | 0.43a 0.36a 0.39E 0.46 a 0.36 a 0.41F

Mean 37.68 A* | 37.76A* 37.93A* | 37.97A* 0.42B* | 0.45 A* 0.45B* | 0.46 A*

Mean in each column, row or interaction with similar letter(s) are not significantly different at 5 % level.
T1 = Algae extract at 0.2%, T2 = Algae ext. at 0.4%, T3 = Moringa leaves ext. "MLE" at 2%, T4 =MLE at 4%, T5 = Algae ext. at 0.2% +
MLE at 2%, T6 = Algae ext. at 0.2% + MLE at 4%, T7 = Algae ext. at 0.4% + MLE at 2%, T8= Algae ext. at 0.4% + MLE at 4%.
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Concerning spraying dates, there were no sig-
nificant differences in oil content between different
treatments and spraying dates in both seasons. As
for interaction effect between different concentra-
tion treatments and spraying dates, it could be
concluded that, trees sprayed with algae extract at
0.4% + moringa leaves extract at 2% (T7) and tree
spray with algae extract at 0.2% + moringa leaves
extract at 4% (T6) in November recorded the high-
est oil content in the first and second seasons,
respectively.

Regarding oil acidity results in the Table (7) re-
veal that oil acidity was significantly affected by
different concentration treatments and spraying
dates and it range from (0.37 and 0.51%) in the
first season , while in the second one it ranged
between 0.38 and 0.53%. However, the lowest olil
acidity was found under control treatment (0.37
and 0.38%) in both seasons, respectively. Mean-
while, the highest oil acidity was recorded with
moringa leaves extract at 2% (T3) in the first and
second seasons, respectively. As for spraying
dates results clear that, spraying dates in Novem-
ber significantly reduced oil acidity (0.42 and
0.45%) as compared with December (0.45 and
0.46%) in both study seasons, respectively . Re-
garding interaction effect, there were no significant
differences in oil acidity among the different con

centration treatments and spraying dates in both
seasons of the study.

Peroxide and iodine values

Results in Table (8) show that, peroxide value
was significantly affected by different concentration
treatments and spraying dates in both seasons.
However, peroxide values ranged from 3.91 to
5.34 meg/kg and 3.76 to 5.28 meqg/kg in the first
and second seasons, respectively. On the other
hand, the lowest peroxide value (3.91 meqg/kg) was
obtained with trees sprayed with moringa leaves
extract at 2% (T3) in the first season, while in the
second one, trees spraying with moringa leaves
extract at 4% (T4) gave the lowest value (3.76
meg/kg) in this respect. As for spraying dates, re-
sults clear that spraying in November gave higher
peroxide value as compared with spraying in De-
cember (4.82 and 4.34 meg/kg) and (4.69 and 4.36
meg/kg) for both November and December in the
first and second seasons, respectively. Regarding,
interaction effect, trees sprayed in December with
algae extract at 0.4% (T2) recorded the lowest
values (3.46 and 3.56 meg/kg) in both seasons,
respectively. Meanwhile, trees sprayed in Novem-
ber with algae extract at 0.4% + moringa leaves
extract at 2% (T7) exhibited the highest values in
this respect (5.58 and 5.50 meg/kg) in the first and
second seasons, respectively.

Table 8. Effect of foliar applications with algae and moringa leaves extracts on Peroxide value and iodine

value of Picual olive oil in 2017 and 2018 seasons.

Peroxide value (meq/kg oil) lodine value (mg/kg oil)
2017 2018 2017 2018
Treat.
Spraying date Spraying date Spraying date Spraying date
Mean Mean Mean Mean
Nov. Dec. Nov. Dec. Nov. Dec. Nov. Dec.
Cont. 5.06ab | 5.04ab | 505B | 5.11ab |5.09abc | 510B | 81.14h | 81.20h | 81.171 | 7857e | 78.67e | 78.621
T1 5.13 ab 3.57b 435G 5.18 ab 3.61d | 439G |84.21c-g | 83.02e-h | 83.61 F |83.30a-e | 80.47 de | 81.88 G
T2 5.01 ab 3.46b 423H |396bcd| 3.56d 3.761 |85.18bcd|82.10 gh | 83.64 E |85.69a-d | 84.91a-d | 85.27 C
T3 3.85ab | 398ab | 3911 |3.75a-d |4.01bcd| 3.88H [84.81cde| 87.53 a | 86.17 A |86.55abc|88.43 ab | 87.49 A
T4 457ab | 4.47ab | 452D | 4.49a-d | 4.47a-d | 4.48F |85.59abc| 84.33c-f | 84.96 C |81.74cde| 85.20a-d | 83.47 E
T5 453ab | 435ab | 444F | 458a-d | 4.44a-d | 451E |83.74c-g|82.68fgh | 83.21 H |82.20cde | 85.28a-d | 83.74 D
T6 490ab | 4.04ab | 447E | 485a-d|4.22a-d | 453D |87.12ab|82.92e-h| 85.02B | 89.21 a |83.63a-e | 86.42B
T7 558 a 5.10ab | 5.34A 5.50a |5.07abc | 5.28 A |83.18d-h | 84.30c-f | 83.74 D |81.25cde| 83.02b-e | 82.13 F
T8 4.82 ab 5.07ab | 494C | 4.80a-d |4.79a-d | 479 C |83.82c-g|83.20d-h | 83.51 G |83.44a-e|79.93 de | 81.68 H
Mean 4.82 A* | 4.34 B* 4.69 A* | 4.36 B* 8431 A | 8347B 83.54 A | 83.28B
Mean in each column, row or interaction with similar letter(s) are not significantly different at 5 % level.
T1 = Algae extract at 0.2%, T2 = Algae ext. at 0.4%, T3 = Moringa leaves ext. "MLE" at 2%, T4 =MLE at 4%, T5 = Algae ext. at 0.2% +

MLE at 2%, T6 = Algae ext. at 0.2% + MLE at 4%, T7 = Algae ext. at 0.4% + MLE at 2%, T8= Algae ext. at 0.4% + MLE at 4%.
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Concerning iodine value, in Table (8) results
show that spraying different treatments led to sig-
nificant increase in iodine value in both seasons.
Spraying moringa leaves extract at 2% (T3) pro-
duced the highest values (86.17 and 87.49 mg/kg)
in the first and second seasons respectively, while
the control treatment recorded the lowest values
(81.17 and 78.62 mg/kg) in this respect. As for
spraying dates, November spray recorded the
higher values (84.31 and 83.54 mg/kg) in both
seasons, respectively as compared with Decem-
ber. Regarding interaction effect, spraying trees
with moringa leaves extract at 2% (T3) in Decem-
ber gave the highest values (87.53 mg/kg) in this
respect in the first season, while in the second one
trees sprayed with algae extract at 0.2% + moringa
leaves extract at 4% (T6) in November exhibited
the highest value (89.21 mg/kg) in this respect.

DISCUSSION

The present results regarding the influence of
foliar application with algae and moringa leaf ex-
tracts on vegetative growth as well as number of
leaves per shoot, leaf area and its mineral content
are in line with those found by Eman and Abd-
Allah (2008), they found that the increases in veg-
etative growth characters caused by algae extracts
may be due to the role of algae extracts as bio
stimulants for plant growth and development be-
cause of presence of trace elements, organic sub-
stances like amino acids and plant growth regula-
tors such as cytokine, auxin and gibberellins which
improved vegetative growth and nutritional status.
Furthermore, Jensen (2004) showed that algae
extract contains many of micro elements (Co, B,
Mo, Zn, Cu) as well as macro elements, gibberel-
lins, auxins and cytokinins and when sprayed on
plants improved root ability for growth and nutrient
absorption and improved stem thickness, root
growth and strong vegetative. Moreover, Eman
and Abd-Allah (2008) found that all growth char-
acters of superior grapevines (Leaf area, shoot
length and number of leaves/shoot) were positively
affected by algae extract. growth. However, the
obtained results are in agreement with those of
Emongor (2012), Rady et al (2013), Howladar
(2014) and Rady et al (2015) who found that, the
improvement in vegetative growth and leaf mineral
content due to foliar sprays with moringa extract
may be due to moringa leaf extract that considered
as a natural plant growth stimulant where, it is a
origin of zeatin (natural derivative of cytokinin),
vitamins E, proteins, ascorbates, phenols, several

mineral elements and essential amino acid. Other
reports have been showed that moringa extract
plays as a plant hormone which enhances growth
crops Rehman et al (2014).

Bashir et al (2014) revealed that moringa leaf
extract significantly increased the average plant
height, leaves number, number of branches of to-
mato plant. With regard to the improvement effect
of spraying algae and morniga extract on fruit set,
yield and fruit chemical properties, as well as oil
content, acidity %, peroxide and lodine values, the
obtained results are in agreement with those of
Thomas and Howarth (2000), who illustrated that
application of MLE extract ( rich with zeaten like
cytokinin) which may be induced cytokinin bio-
synthesis turned in maximum number of photosyn-
thetic active leaves and that is obvious from num-
ber and area of leaves per plant which maintaining
the chlorophylls in higher concentrations and re-
flect on plant yield. Moreover, foliar application of
moringa that contains sufficient amounts of stimu-
lant substances encouraged increasing cell-
division rate, cell-enlargement, strengthens plants,
eventually produces more and higher yield (Fuglie,
2000). Furthermore, Nagar et al (2006) pointed
out that moringa leaves are rich by zeatin hormone
that enhances plant growth. In addition, these re-
sults are in harmony with those obtained by Abd
El-Motty and Abd El-migeed (2010), Ahmed et al
(2014) and Adel Abed El Hamied (2014) on man-
go, they reported that, spraying mango trees with
algae extracts alone or combined with natural plant
extracts was very effective in improving fruit set,
fruit retention, yield and enhanced fruit quality.
Also, the same results are in harmony with those
obtained by Hegab et al (2005) on citrus and
Hafez et al (2013) on olive.

CONCLUSION

From the above mentioned results, generally, it
could be concluded that applying algae and
moringa extract on plant the considered as an en-
vironment friend are approach to improve plant
growth and increase fruit set, yield and fruit chemi-
cal properties. However, it could be concluded that
all spraying treatments at different concentrations
and dates had a positive effect on increasing vege-
tative growth, leaf mineral contents, fruit set, yield
and improving fruit chemical properties as com-
pared with the control of Picual olive trees. Treat-
ments of algae extract at 0.4% + moringa leaves
extract at 2% (T7) and algae extract at 0.4% +

AUJAS, Ain Shams Univ., Cairo, Egypt, Special Issue, 27(1), 2019



Effect of foliar application with algae and Moringa leaves extracts on vegetative growth, leaf gg9
mineral contents, yield and chemical fruit quality of Picual olive trees

moringa leaves extract at 4% (T8) were the most
effective treatments to increase vegetative growth ,
improve leaf mineral content, fruit set, yield and oil
content. Thus, these treatments can be recom-
mended for commercial use under similar condi-
tions.
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