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ABSTRACT

Drought is an important abiotic stress that limits the plant growth and productivity. This experiment was done at two
successive seasons of 2018/2019 and 2019/2020 to investigate the effect of seaweeds extract (algae) on the growth and
quality at the early growth stages of Acokanthera oblongifolia under drought conditions. Four irrigation levels, i.e. 100%
(control), 75%, 50% and 25% of field capacity were maintained throughout the experiment and four different
concentrations of seaweeds extract (algae) [0.0 (control), 1.0, 2.0 and 3.0 mg/I] were applied as a foliar spray at 15 days
intervals.

The results showed that most vegetative and root growth parameters were significantly improved by increasing the
natural extract concentrations up to 2mg/l which caused the highest significant increase in vegetative growth parameters
plant height, number of leaves, and branches/plant, fresh weight, dry weight, leaf area and stem diameter). The same
trend was also found for the root characters. The treatment 2mg/l resulted in the highest significant root fresh weight,
volume and dry weight. For the chemical characters (chlorophyll a, b and carbohydrate content) ,3mg/l, was the best
concentration, but they were significantly decreased with decreasing water field capacity. Moreover, the percentage of
proline content was reduced with increasing algae extract concentration.

According to these results, it could be concluded that 6-month-old transplants of Acokanthera oblongifolia could be
irrigated under four levels of water field capacity, it has been sprayed with algae extract at 2.00 or 3.00 mg/l improved

growth and chemical constituents under water stress.
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INTRODUCTION

Acokanthera oblongifolia Hochst. (Synonyms
Acokanthera spectabilis, Carissa oblongifolia,
Toxicophloea  spectabilis)  common  names
(Bushman’s poison, poison bush, poison tree, and
wintersweet) belong to the family Apocynaceae that
contains medium to large woody shrubs with
attractive hard dark green leaves. Clusters of
pinkish-white, sweetly scented flowers are borne in
late winter and spring and they are followed by
large plum-colored berry-like fruits which are
relished by birds. The Bushman's poison is an
evergreen shrub that tolerates full sun or shade and
also does well as a container plant. (Arnold & De
wet ,1993 and Pooley ,1993).

Drought is an important abiotic stress that limits
the plant growth and yield (Hamayun et al., 2010).
One of the important factors that limits the growth,
distribution of natural vegetation and the
performance of cultivated plants is water deficit
stress (Safaei et al., 2014). Water is an essential
component of plants. It aids in absorpation and
translocation of nutrients throughout the plant,
serves as a medium for chemical reactions, and is
necessary for photosynthesis. Plants exhibit many
biochemical and physiological changes under water
deficit conditions (Kidokoro et al., 2009). There is
a dire need to develop strategies especially for
ornamental Horticulture. Because of shortage of
water worldwide, trends in gardening is changing

and many water-saving techniques like use of
drought -tolerant plant species. Among these
introducing and developing  drought-tolerant
ornamental plant species is considered the most
sustainable approach to cope with the drought
situations. Water needs of such plant species are
about 50% of the water needs of non-drought
tolerant plants. Acokanthera oblongifolia is
considered one of them that can grow well under
these conditions. Using algae in this study was
carried out to evaluate the effect of water deficit
conditions on which considered as environmentally
friendly material, it cause more efficient water
consumption, reduction in irrigation, and providing
plants with eventual moisture.

Seaweeds extract (algae) have been used as plant
bio-stimulators, it can improve plant nutrient uptake
and nutrient use efficiency, like growth regulators
(PGRSs), and influence plant hormonal content,
directly or indirectly. At low concentrations these
extracts can trigger a series of physiological changes
and plant responses, such as promoting growth,
increasing the number of flowers, improving
drought, and vyield (Battacharyya et al.,2015).
Seaweed  extracts, also contain  different
phytohormones, such as indole acetic acid,
cytokinin, abscisic acid, and gibberellin that could
enhance plant growth (Tarakhovskaya et al., 2007).
Fertilizers and PGRSs based on seaweeds are
commonly known, having been produced and
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utilized for dozens of years. Algae are rich in
carbohydrates, proteins, minerals and chemical
compounds that belong mainly to the following
groups:  polysaccharides,  polyphenols,  plant
pigments, unsaturated fatty acids, sterols and plant
hormones (Gorka et al., 2018).

The aim of this study was to investigate the
effects of Algae extract on vegetative growth,
chemical constituents and quality of Acokanthera
oblongifolia plants at the early growth stages under
various drought irrigation levels.

MATERIALS AND METHODS

The studied experiments were conducted during
the two seasons of 2018/2019 and 2019/2020 at
Antoniades Research Branch, Horticulture Research
Institute, A. R. C. Alexandria. Six months old
seedling of Acokanthera oblongifolia (10-12cm)
were transplanted in clay pots of 20 cm diameter
using a mixture of sand and clay at the ratio of 1:1
by volume on 15" of May in both seasons. After one
month from transplanting date (on the 15" of June
of 2018 and 18" of June2019) in the first and second
seasons, respectively, irrigation treatments started.
The chemical constituents of the soil were measted
as described by Jackson (1958) and were illustrated
in Table (1).

Two factors were studied, the first factor (four
levels of water field capacity, i.e. 25% ,50%,75%
and100%). Water Field Capacity (WFC) measured
after 24 hour from each irrigation and the second
factor (algae concentrations) 0.0 ,1.0, 2.0 and 3.0
mg/l were applied as a foliar spray at 15 days
intervals. On The 15" of November 2019 and 18™
of November 2020 in the first and second seasons,
respectively, the experiment was terminated. The
commercial product name is Algasteim, it produced
by Chemia industries company. It contain different
phytohormones, such as auxins, cytokinins
gibberellin and some minerals that could enhance
plant growth (Table 2).
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The following data were measured in the two
growing seasons:

Vegetative growth characters: Plant height (cm),
number of branches/plant, number of leaves /plant,
fresh and dry vegetative growth weight (g), leaf area
(cm?) and stem diameter (cm).

Root characters: root length (cm), root fresh and
dry weights (g), root volume (cm?3),

Chemical analysis: Chlorophyll a and b content
(mg/100g fresh weight) were determined according
to Moran (1982),), Anthocyanin was determined
according to Mancinelli et al.,(1988), proline
content(mg/100g) according to Bates et al.(1973),
total carbohydrate content (%) in plant leaves
according to Hedge and Hofreiter (1962) and
carotene(mg/100gfresh ~ weight) according to
Wellburn(1994).

Statistical Analysis: The studied experiments were
conducted as randomized complete block design
(RCBD) in factorial arrangement using three
replications, each replicate contained sixthteen
treatments. Three plants were used as a plot for each
treatment in each replicate. Data were statistically
analyzed according to Gomez and Gomez (1984).
Least significant difference method at 0.05 level of
probability (LSDo.0s5) used to compare the difference
between means of the studied treatments.

RESULTS AND DISCUSSION

Vegetative growth characters

Results showed that drought levels had highly
significant effects on most of the vegetative growth
characters, such as plant height, number of
leaves/plant, number of branches, leaf area and
branches fresh weight. Among drought stress
treatments (Table3). Maximum plant heights i.e,
36.84cm and 42.16cm were observed in the two
seasons, respectively when plants grown under
control condition (100% F.C), while these were
minimum (30.25cm, 35.72 cm) at 25% F.C.

Table 1: The physical and chemical properties of the used mixture soil in Antoniades park for the two

seasons.
PH EC Cations (meg/l) Anions(meq/l)
Ds/m Ca++ Mg++ Na++ K+ HCOs CL SO«
8.08 2.53 18.20 14.20 23.91 4.49 7.20 21.00 27.10
Soil particles Clay Slit Sand Soil texture
% 54.93 16.78 28.29 Clay sandy loam
Table 2: The analysis of the used seaweeds (Algae).
Component
Potassium (K0) 10% wiw
Cytokinins 35 ppm
Auxins 40 ppm
Gibberellins 21 ppm
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It is clear that there were positive results when using
foliar spray with algae extract with drought stress
since 25%FC + zero algae gave 25.70&31.83cm
plant height in two successive seasons, but under
25% FC+2.0. mg/l gave taller plants
(33.98&37.50cm) than 25% FC only under drought
stress, these results tell us we can save the75% of
irrigation water FC and get improving the growth of
a plant in this case. Interaction between the
irrigation, 75% FC and 2mg/l algae extract gave the
tallest plant height (44.33cm) in the second season
compared to all treatments and it gave a similar
trend in the first season (36.11cm). In this study,
also better response was achieved by using algae
extract at 2mg/l, under drought stress conditions,
which showed relatively decreases declines in plant
height (Table3) with the increase in drought stress
as compared to another treatments which failed to
maintain the decent plant height. These results
obtained that,when the data were expressed as a
growth parameters compared with control of the
plants, algae exerted a hormetic effect refute the
idea that shaped relationship can be produced by
hormones in plants (i.e., stimulation of plant growth
at low-doses and growth suppression at high-doses
(Poschenrieder et al. 2013; Shahid et al. 2020).

Albrecht et al. (2011&2012) reported that
growth regulators containing cytokinin, gibberellin
and auxin stimulate soybean growth and observed a
positive effect up to a certain dose.

Significant interaction among different water
stress treatments and algae concentrations has been
discussed by many scientists such as (Dhanda et al.,
2004; Asghari et al., 2009; Ali et al., 2014).

It was also observed that drought stress
decreased number of branches in both seasons from
75% F.C (3.16 and 3.05, respectively) to 25% F.C.
(2.71&2.54, of both seasons, respectively), and the
highest number of branches realized when using
algae extract at 2.0mg/l, as foliar application on
plants only or as combined with 75% FC where led
to the highest average number of branches per plant
(4.00&3.32branchs/plant) of two studied seasons,
respectively.

The results obtained by Stirk (2004) for number
of branches per Ecklonia may be due to the presence
of cytokinins in extract, since this plant hormone
stimulates axillary bud growth (Taiz, 2017).
However, Kavalco et al. (2014) analyzed a plant
growth regulators such as cytokinin, gibberellin and
auxin stimulate from algae foliar application during
the reproductive phase and consequently increased
the number of branches in soybean plants and
greater yields.

It could be noticed that the highest averages
number of leaves per plant (Table 3) were recorded
using algae extract as a foliar application (37.11
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and33.16 or 33.50) at 2mg/l combined with 75%
F.C. in the first season and50%&75%FC in the
second season . Among, more average numbers of
leaves per plant (31.23&31.04) were recorded with
algae treatment at 2mg/l, on the two seasons,
respectively.

Decreasing in number of leaves with increasing
drought might be due to that drought inhibits growth
in association with changes in cell size and division
resulting in reduced leaf production and promoting
senescence and abscission (Karamanos, 1980). This
reduction of leaf number under drought stress
(Magsood & Ali, 2007) could probably be one of
the drought tolerance mechanisms or water
conservation strategy (Jones, 1992) under the
limited soil moisture available. The reduction in the
number of leaves is also observed in Lenceana
leucocephala under drought stress (El-Juhany &
Aref, 2005).

This inhibition of leaf formation also decreases
volume and size of new leaf tissues resulting
decrease in leaf area which was reduced to
16.64cm? and 13.65cm? at 25% F.C compared to
56.72cm? and56.07cm? at 100% F.C in both
seasons, respectively (Table 4). Also, the best
highest resulted were giving when using algae
extract atlmg/l, especially at 75&100 % FC.
Generaly, using algae at 2mg/l, gave the best results
when compared to all treatments especially under
drought stress.

The increment in water stress caused the
reduction in leaf area where leaf became spindle and
remained in a stunted state (Warrag & Hall, 1984) to
avoid the excessive transpiration with low stomatal
density (Parsons, 1982) until they were rewatered.
This is a special mechanism in plants to tolerate the
water stress. Our results similar with the Kozlowski
(1982) who noticed decreasing growth of forest
trees due to water stress in details.

These results indicate the role of algae in
supplying the plants with vitamins, minerals, growth
regulators such as cytokinin which induces cell
division and differentiation promoting proteins
synthesis plus its ability to delay senescence by
withdrawing sugars and other solutes from older
parts to new-formed ones (Salisbury and Ross,
1974). Moreover, auxin presented in algae extract
stimulate vital processes, consequently, increase
assimilates which positively reflect on growth and
production (Handerck and Black,2002).

Generaly, data presented in Table (4) showed
that, the effect of algae extract on the fresh and dry
weights of plants. It is clear that the algae
application at 2mg/l was the most effective
treatment in this concern which gave 37.51 and
48.20g of fresh weight and 18.22 and 16.28g of dry
weight/plant in the two seasons, respectively.
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Table 3: Means of Plant height (cm), Number of branches and Number of leaves/plant of Acokanthera oblongifolia Hochst. as influenced by different
irrigation levels (F.C.), foliar spray of different concentrations of sea-algae extract and interaction between them during the two successive seasons of 2019
and 2020.

lgae extract Plant height (cm) Number of branches/plant Number of leaves/ plant
Water levels 00mg 10mg 20mg 3.0mg mean 0.0mg 1.0mg 2.0mg 3.0mg mean 0.0mg 1.0mg 2.0mg 3.0mg mean

First season

25%F.C. water 2570 3194  33.98 29.40 30.25 2.10 3.22 3.00 2.53 2.71 26.11 25.38 29.05 26.21 26.29
50% F.C.water 2723 3255 34.25 35.37 32.35 2.76 2.79 3.22 3.33 3.02 27.60 28.66 28.87 28.33 28.36
75% F.C.water 30.32 3376 36.11 35.32 33.87 2.33 3.00 4.00 3.32 3.16 25.60 29.10 37.11 35.66 31.86
100%F.C.water 3433 3699 3858 38.12 36.84 2.66 2.83 3.00 3.66 3.04 29.05 32.47 30.00 31.27 30.29
Mean 29.39 3381 35.73 34.38 2.46 2.96 3.30 3.21 27.10 28.90 31.23 30.37
L.S.D.o.05 between water levels 1.25 NS 2.67
L.S.D.o.05 between Algae conc. 1.25 0.55 2.67
L.S.D.oos F.C. water levels*Algae conc.  2.51 NS NS

Second season
25% F.C.water 31.83 36.00 37.50 37.58 35.72 1.76 2.88 2.89 2.62 2.54 25.83 29.33 29.16 26.33 27.66
50%F.C.water 32.50 36.08 41.37 42.0 37.90 2.10 2.64 2.89 3.22 2.71 24.66 30.00 33.50 28.33 29.12
75%F.C.water 39.33 39.00 44.33 40.30  40.65 2.78 3.10 3.32 3.00 3.05 30.33 31.66 33.16 33.00 32.16
100%F.C.water 41.33 43.33 42.00 4230  42.16 3.10 3.00 2.78 2.83 2.92 27.33 29.50 28.33 32.33 29.37
Mean 36.16 38.60 41.21 40.47 2.43 2.90 2.97 2.92 27.16 30.12 31.04 30.00
L.S.D.o.0s between water levels 174 0.27 2.80
L.S.D.o.0s between Algae conc. 1.74 0.27 2.80
L.S.D.oos F.C. water levels*Algae conc.  3.49 0.54 NS
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Table 4: Means of Fresh vegetative growth(g), dry vegetative growth(g) and leaf area(cm2) of Acokanthera oblongifolia Hochst. as influenced by different
irrigation levels(F.C.), foliar spray of different concentrations of sea -algae extract and interaction between them during the two successive seasons of 2019
and 2020.

lgae extract Fresh vegetative weight(g) Dry vegetative weight(g) Leaf area (cm?)
Water levels 00mg 10mg 20mg 30mg mean 0.00mg 1.00mg 200mg 3.00mg mean 0.00mg 1.00mg 2.00mg 3.00mg mean

First season

25%F.C.water 2428 26.03 3595 30.83 2927 10.01 13.77 19.91 1456  14.56 11.63 18.23 18.00 18.71  16.64
50%F.C.water 2629 2684 3125 2725 2791 17.18 18.35 18.36 18.14 18.01 13.90 26.62 41.46 30.36  28.08
75%F.C.water 30.24 3516 4253 3918 36.78 17.56 16.91 17.78 18.25 17.63 20.19 38.62 60.11 59.80 44.68
100%F.C.water 2887 3181 4030 3787 3471 13.80 16.35 16.82 18.68 16.41 29.47 67.83 63.81 65.76  56.72
Mean 2742 2996 3751 3378 14.64 16.34 18.22 17.41 18.80 37.83 45.84 43.76
L.S.D.oos between water levels 3.35 2.15 1.83

L.S.D.o.05 between Algae conc. 3.35 2.15 1.83

L.S.D.o.os F.C. levels*Algae conc. NS NS 3.66

Second season

25%F.C.water 3561 3895 4095 4048 39.00 14.50 14.57 16.42 17.27  15.69 10.81 15.77 15.43 15.60 13.65
50%F.C.water 4134 4067 47.76 4368 4336 14.70 17.50 16.24 1520 1591 12.57 24.97 30.87 27.85 24.07
75%F.C.water 39.94 5368 5340 4848 4887 17.15 18.07 17.89 1748 17.65 17.27 36.52 64.19 63.48  45.37
100%F.C.water 3521 5575 50.70 4931 4774 16.67 13.99 14.56 13.96 14.80 25.53 66.40 66.04 66.30  56.07
Mean 38.02 4726 4820 4548 15.75 16.03 16.28 15.98 16.55 35.16 44.13 43.31
L.S.D.o0s between water levels 3.97 NS 1.63

L.S.D.o.05 between Algae conc. 3.79 NS 1.63

L.S.D.o.os F.C. levels*Algae conc. NS NS 3.25
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As for the interaction treatments gave mostly the
highest fresh and dry weights which was up to
from25% to 100%+2.0mg/l in a lot of treatments.
Data also indicated that increasing the rates of
irrigation from 25%, 50% up to 100%FC resulted in
significant increases in fresh and dry weights of
branches in the plant.

These results are in agreement with those
obtained by Ali et al., (2014) and EL-Sayed et
al.,(2015). (Ramya et al.,2015) reported that the
higher concentrations of the seaweed extract (above
1.5%) were found to show retarding effect on all the
growth parameters of brinjal (Solanum melongena)
plants. Algal extracts impact so many parameters
related to the growth and development of studied
plants, suggesting that they are the right products for
self-use. Application of alge extract caused a
significant increase in leaf area which may be
affected in gaining more sunlight to use extra CO2
to increase photosynthesis and accumulation of
more dry matter. Stamatiadis et al. 2014 reported
that when the water field capacity decreased, a
higher concentration of seaweed extract was
required to give positive effects as with 75% water
field capacity. On plant growth, the inhibitory effect
of abiotic stresses is exhibited at several levels and
involves an array of cellular processes that are
regulated by hormones for which homeostasis may
be altered during stress (Wang et al., 2001&
Shakirova et al., 2003). However, following the
application of algae extract, an increase in the
number of leaves, shoots, and flowers and K: Na
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ratio was found in plants subjected to compared to
the untreated controls. It has been shown to contain,
in relatively high amounts, phytohormones, such as
abscisic acid, cytokinins, and jasmonic acid,
involved in plant response to abiotic stresses
(Bayona-Morcillo et al.,2020). Meyer et al., 2021.
reported that biostimulant application foliar by
seaweed in general, influenced the number of
branches, nodes, flowers, and pods on the soybean
plants and, consequently, crop yield.

Root characteristics: Data in Table (5) and (6)
cleared that all treatments of algae extracts, water
field capacity and their interactions caused a highly
significant increase in all root characters, i.e. root
volume, fresh root weigh, dry root weight and root
length, expect the interaction between the two
factors on root length trait in the two studied
seasons.

The highest increase in root volume and root
length were obtained by application of 1 or 2mg/I
algae extract with 50%FC (13.59&15 .30cm3 and
25.17 &25.34cm) compared to the control treatment
in the first and second seasons, respectively. Also
foliar spray of 2mg/l + 50% caused the heaviest
fresh root weight(20.23&19.31g) and root dry
weight(10.88&10.42g) in both seasons respectively
compared to control.

Moreover, cytokinins enrichment in plant roots
can cause an enhancement in the expression of
genes encoding for root nitrate and sulfur
transporters (Collier et al., 2003), thereby increasing
plant nutrient uptake.

Table 5: Means of Stem diameter (cm), Root length (cm) of Acokanthera oblongifolia Hochst. as

influenced by different

irrigation levels(F.C.), foliar spray of different concentrations of sea -algae

extract and interaction between them during the two successive seasons of 2019 and 2020.

Stem diameter(cm)

Root length(cm)

lgae extract
Water levels 0.00

1.00 2.00 3.00 mean 0.00 1.00 2.00 3.00 mean
First season
25% F.C.water 0.61 0.74 0.72 0.73 070 2041 2144 2509 2171 20.16
50% F.C.water 0.73 0.76 0.83 0.71 076 2341 2516 2517 2176  23.87
75% F.C.water 0.65 0.77 0.81 0.81 076 1849 1876 2347 2056  20.32
100% F.C.water 0.69 0.73 0.73 0.81 074 1781 2032 2062 20.20 19.03
Mean 0.67 0.75 0.77 0.76 20.03 2142 2359 21.06
L.S.D.o0s between water levels NS 1.88
L.S.D.o.05 between Algae conc. 0.07 1.88
L.S.D.o.os F.C. levels*Algae conc. NS NS
Second season

25% F.C.water 066 076 073 0.76 0.73 21.70 22.12 25.16 22.07 22.76
50%F.C.water 076 075 074 071 0.74 25.46 2534  25.33 19.66 23.44
75%F.C.water 064 076 082 0097 0.79 18.33 19.74  25.00 20.03 20.77
100% F.C.water 068 078 076 0.71 0.73 19.03 20.75 20.76 20.74 20.32
Mean 068 076 076 0.79 20.63 21.98 24.06 20.62
L.S.D.o.os between water levels 0.04 1.82
L.S.D.o.05 between Algae conc. 0.04 1.82
L.S.D.o0sF.C. levels*Algae conc. 0.09 NS
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Table 6: Means of Root fresh growth (g), Root dry growth(g) and Root volum(cm?)/plant of Acokanthera oblongifolia Hochst. as influenced by different
irrigation levels(F.C.), foliar spray of different concentrations of sea -algae extract and interaction between them during the two successive seasons of 2019

and 2020.
Algae extract Root fresh weight(g) Root dry weight/plant Root volum (cm®)/plant
Water level 00mg 10mg 20mg 3.0mg mean 0.00mg 1.00mg 2.00mg 3.00mg mean 0.00 1.00mg 2.00mg 3.00mg mean
First season
25%F.C. water 10.54 12.50 16.89 13.63  13.37 4.62 6.44 8.71 9.27 726 7.26 9.82 9.05 11.06 9.30
50% F.C.water 12.35 17.29 20.23 1443  16.12 9.30 10.88 10.21 8.27 9.66 7.03 11.22 13.59 1159  10.85
75% F.C.water 10.82 15.34 17.22 1596 14.84 6.75 9.34 7.23 6.33 741 745 12.61 11.66 1092  10.66
100%F.C.water 9.08 11.83 10.31 1054  10.44 4.30 4.53 4.46 4.86 452 543 7.44 7.48 7.01 6.84
Mean 10.68 14.24 16.16 13.64 6.24 7.79 7.65 7.17 6.79 10.27 10.44 10.14
L.S.D.o.0s between water levels 0.78 0.94 0.95
L.S.D.o.05 between Algae conc. 0.78 0.94 0.95
L.S.D.o.os F.C. levels*Algae conc. 1.57 1.90 1.91
Second season
25% F.C.water 11.69 15.20 16.19 16.69  14.94 5.38 5.38 7.01 7.75 6.72 6.94 10.23 12.13 8.63 9.48
50%F.C.water 13.12 16.31 19.31 1488  16.08 7.53 8.23 10.42 9.09 881 7.36 11.78 15.30 1156  11.50
75%F.C.water 11.93 18.52 18.52 15.02  16.05 7.02 8.54 8.68 8.04 8.07 8.79 12.50 13.10 11.84 1155
100%F.C.water 11.34 14.13 13.01 1236 12.69 4.28 4.88 5.79 5.82 519 6.76 7.50 7.68 7.60 7.38
Mean 12.00 16.26 16.76 14.74 6.05 7.10 7.97 7.67 7.46 10.50 12.05 9.90
L.S.D.o0s between water levels 1.34 114 0.68
L.S.D.o.0s between Algae conc. 1.34 1.14 0.68
L.S.D.o.os F.C. levels*Algae conc. 2.68 2.28 1.37

83



Vol. 66, No. 4, pp. 77-89, 2021

In this regard, Mutale-Joan et al. (2020) reported the
concentration of an algal biostimulant appears to be
a critical factor for its effectiveness. Also, Filippo-
Herrera et al.(2021) reported that application of
SLEs at low concentrations stimulated shootlength,
rootlength of Mungbean and dry weight responded
to the SLEs concentration.

Chemical analysis:

Data in Table (7) showed that the highest
chlorophyll a and chlorophyll b content were
obtained after foliar spray with 3.0mg/l algae
(81.74mg/100gf.w.) in the first season and
(73.66mg/100g f.w.) in the second season. As for
the interaction between levels of water FC and algal
conc.(up t025%)+2 or3mg/l gave the highest values
of both seasons. Concerning chlorophyll b foliar
application with 3 and 2mg/l produced the highest
chlorophyll B contents (29.99, and26.88mg/100g
fw.) in the first season and second season,
respectively. Among substances with hormone-like
activity, exogenously applied polyamines can be
covalently conjugated to chlorophyll-bound proteins
by Algae extracts, thus improving chlorophyll
stability during leaf senescence (Lin and Lin, 2019).
It is generally known that photosynthetic efficiency
depends on photosynthetic pigments such as
chlorophyll “a” and chlorophyll “b” which play an
important role in photochemical reactions of
photosynthesis (Taiz and Zeiger, 2002). Drought
stress has capacity to inhibit the photosynthesis of
plants by affecting cholorophyll components,
causing changes in chlorophyll content, and
damaging the photosynthetic apparatus in plants
(Iturbe Ormaetxe et al., 1998).

For total carbohydrate content, the highest
significant increase was obtained by foliar spray by
2 and3mg/l algae of 12.94 % and 12.21% compared
with the control in the first and second seasons
respectively, and it was14.58% when used 2mg/I
algae+75% FC in the first season. These results are
in harmony with obtained by Farouk et al.,(2011)on
radish. Also, there was an increase in perecentage of
carbohydrate which may be due to the increase of
photosynthesis pigments (chlorophyll a, chlororll b
content and total carotene). For Anthocyanin
content, there was a significant difference between
treatments and also the 2mg/l with 75% FC gave the
highest significant increases compared with the
control.

It is clear from data in Table (8) that there were
significant effects due to the interaction between the
application of algae and different irrigation levels on
the carotene and proline content compared to zero
algae treatment. The highest carotene content (23.32
and 21.87mg/100g leaves fresh weight was found
using algae at 2mg/l combined with 100% FC which
was statistically similar to spray of 3mg/l algae
combined with 25 &50% FC specify in the second
seasons, the lowest significant amount of proline
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was found with the application of algae extract at
3mg/l with 100% FC. In general all treatments of
algae alone or combined with irrigation levels led to
the lowest significant amounts of carotene and
proline compared the irrigation treatments alone.
(zero algae treatment).

These results may due to effect of cytokinin in
algae  extracts (as  activators) increasing
carbohydrates and protein synthesis and causes
transport of many solutes from older parts to the
new ones (Salisbury and Ross, 1974). In this
connection, Leopold and Kawase (1964) mentioned
that cytokinins stimulate the movement of sugars,
starch, amino acids, and many other solutes from
mature organs to primary tissues of other ones.
Also, Phyto-hormones such as cytokinins, betaines,
and gibberellins in extracts may play a role in
reducing chlorophyll degradation mainly through
inhibition of chlorophyllase activity (Martinez et al.,
1996).

The role of natural activators may be attributed
to increasing the promoters in the plant tissues at the
expense of the inhibitors to induce growth, as
reported by Kenneth (1979) who found that plant
growth not depended on a single hormonal type
such as auxin, but is shared by several hormones
especially auxins, cytokinins, gibberellins and
ethylene. This further is subjected to modification
by certain naturally occurring inhibitors, namely
phenols, flavonols, and abscisic acid. Which have
been known to modify the activity of IAA-oxidase
and might therefore be acting on growth and
production by way of changes in endogenous auxin
levels. In addition, cytokinin can prevent the
emanation of some positive inhibitory influences
from the leaves under non — inductive conditions
(Audus, 1972). Many abiotic factors (drought,
salinity, extreme temperatures) are manifested in
plants as osmotic stresses, leading to the
accumulation of reactive oxygen species (ROS) that
damage DNA, lipids, carbohydrates, and proteins
and also cause aberrant cell signaling (Panda et al.,
2012).

In conclusion algae extract can be used as a
foliar spray on plants at different concentrations.
These treatments decreases the water use at least by
25% and increases most plant growth parameters.
Seaweeds extract application have proven their
effectiveness in plants. Small amounts of seaweed
extract expended on the treatment of plants may
lead to great beneficial outcomes, not only in
regard to optimal growth conditions, but also under
different biotic and abiotic stress conditions.

Due to the diversity of active compounds
present in seaweed cells, the growth and
development of cultivated plants can be affected
by two ways.
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Table 7: Means of chlorophyll a, and chlorophyll b (mg/100g fresh weight) and Anthocyanin contnt of Acokanthera oblongifolia Hochst. as influenced
by different irrigation levels(F.C.), foliar spray of different concentrations of sea- algae extract and interaction between them during the two
successive seasons 0f2019 and 2020.

Chlorophyll b (mg/100gf.w.)

Anthocyanin content

ae extract Chlorophyll a (mg/100gf.w.)
Water leve 0.00 1.00

2.00 3.00mg/l Mean 0.00mg/l 1.00mg/l 2.00mg/l 3.00mg/l mean 0.00 1.00 2.00 3.00mg/l mean
First season
25%F.C.water 60.46 67.16 65.45 62.71 63.94 20.61 23.99 24.51 25.14 2356 249 2.69 2.85 268  2.68
50%F.C.water 61.46 8139 82.99 89.58 78.85 25.46 24.99 24.90 29.82 2629 217 3.36 2.87 344 296
75%F.C.water 57.67 8092 8450 88.49 77.89 26.90 32.31 34.38 3156 3129 218 3.16 6.29 594 455
100%F.C.water 58.20 86.47 87.30 86.18 79.53 28.19 30.53 32.71 3345 3122 294 315 338 315 3.15
Mean 59.45 7898  80.06 81.74 25.29 27.95 29.12 29.99 260 3.09 3.85 3.80
L.S.D.o0s between water levels 5.88 1.14 0.27
L.S.D.o.0s between Algae conc. 5.88 1.14 0.27
L.S.D.o.os F.C. levels*Algae conc. 11.76 2.29 0.55
Second season

25% F.C.water 4567 5356 57.76 55.29 53.07 15.62 18.62 18.54 1845 1781 336 3.68 4.01 311 354
50% F.C.water 6351 67.06 62.56 62.38 63.88 21.56 24.95 25.20 2639 2452 283 408 457 387 384
75%F.C.water 58.41  76.99 80.32 85.84 75.39 24.27 27.06 27.60 2737 2657 348  3.83 6.96 7.35 540
100%F.C.water 7733 77.34 8217 91.16 82.00 29.49 36.08 36.09 3407 3393 394 449 414 405 4.16
Mean 6123 68.73 70.70 73.66 22.73 26.68 26.86 26.57 340 402 492 4.59
L.S.D.oos between water levels 4.07 0.25 0.44
L.S.D.o.05 between Algae conc. 4.07 0.25 0.44
L.S.D.o.os F.C. levels*Algae conc. 8.14 0.50 0.87
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Table 8: Means of proline content (mg/100g), total carbohydrate(%) and carotene content(mg/100g leaves fresh weight) of Acokanthera oblongifolia Hochst. as
influenced by different irrigation levels(F.C.), foliar spray of different concentrations of sea- algae extract and interaction between them during the two
successive seasons of 2019 and 2020.

ae extract Proline content (mg/100g) dry weight Total Carbohydrate (%) Carotene content
Water levels 0.00 1.0mg 2.0mg 3.0mg mean 0.00 1.00mg 2.00mg 3.00mg Mean 0.00 1.00mg 200mg 3.00mg mean

First season

25%water 17.273  15.166 14.683 15.155 15,569 10.428 12.785 11.667 11.787 11.666  11.82 12.12 11.12 19.89 13.74
50%water 15454 12.638 13563 13.267 13.730 10.748 12.626 12.386 12.586 12.086  11.62 14.52 19.55 19.05 16.19
75%water 13.294 10.851 11554 11494 11798 11.627 12.187 14.587 12.318 12.679 1592 16.30 16.10 19.80 17.03
100%wat 12.872 9.972 8.893 8566 10.076 9.749  12.306 13.145 11.387 11.646  18.75 21.35 21.87 20.14 20.53
Mean 14723  12.157 12,173 12.121 10.638  12.456 12.946 12.019 14.53 16.07 17.16 19.72

L.S.D.o.0s between water level 0.873 0.712 0.20

L.S.D.o.05 between Algae conc. 0.873 0.712 0.20

L.S.D.o.os F.C. levels*Algae conc. NS 1.422 1.30

Second season

25%water 17.957 15.032 14996 15.041 15.756 10.188 11.069 11.507 12.266 11.257  13.17 14.72 1429 18.35 15.13
50%water 14.899 15.620 13.022 14.062 14.062 10.588 10.188 11.787 12.825 11.347  16.51 16.76 17.38 18.20 17.21
75%water 12.996 10.436 10.989 11.301 11430 10.188 10.908 12.865 12.985 11.736  17.38 17.21 1794 18.73 17.81
100%wat 12.893 10.021 8914 7.729 9.889 9.309 10.468 10.988 10.788 10.388  19.06 23.26 2332  20.07 21.42
Mean 14.686  12.777 12.240 11.773 10.068  10.658 11.786 12.216 16.53 17.99 18.23 18.84

L.S.D.oos between water levels 0.221 0.355 1.37

L.S.D.o.05 between Algae conc. 0.221 0.355 1.37

L.S.D.o.0s F.C. levels*Algae conc. 0.440 0.708 2.75
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Seaweeds extract or products containing such
ingredients have a positive impact on crop plants,
not only because of the direct stimulation of their
growth and metabolisms, e.g. nutrient uptake, but
also indirectly, through improvement of the soil
condition (hydration, structure) or enhancement of
the number of soil microorganisms resulting from
the creation of favorable conditions for their
development. Products containing algal extracts
not only stimulate the growth and development of
crops, thus increasing the yield, but also improve
their quality and nutritional values (Battacharyya
et al. 2015).
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