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ABSTRACT

In order to study the response of Williams banana plant (Musa spp.) to spraying with humic acid
(potassium humate) at 0.5%, 1% & 2% and seaweed at 0.25%, 0.50% & 0.75% three times yearly, a field
experiment was conducted during 2018 and 2019 seasons at private orchard situated at Saft Al-Laban village El-
Minia Governorate, Egypt, where the soil is silty clay loam. The obtained results confirmed that spraying Williams
banana plants with humic acid at 0.5%, to 2.0% and seaweed at 0.25% to 0.75% significantly improved vegetative
growth (in terms of pseudostem length, pseudostem girth, number of leaves/plant and leaf area), leaves chemical
constituents (i.e. nitrogen%, phosphorus%, potassium%, and magnesium%), bunch weigh (kg)/plant, finger
weight, as well as fruit physical and chemical properties (i.e. fruit weight, fruit dimension, pulp/peel ratio, TSS%,
total sugars and total acidity%) compared to control plants. The combined spraying of humic acid and seaweed
shows more effective in all studied characteristics than using each compound alone. The best results in the
abovementioned parameters were observed in spraying humic acid and seaweed extract in combination at higher
concentrations. However, non-significant differences were observed between the higher concentrations, neither for
humic acid nor for seaweed extract. The results of the present study confirmed that important role of humic acid
and seaweed extract in improving growth parameters, leaves chemical composition, yield, and fruit physical and
chemical properties of Williams banana grown in silty clay loam soil under arid conditions.
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INTRODUCTION

Botanical classification puts banana plant (Musa spp.)
in Family Musacae. Musa species are native to tropical zone.
Banana plants cultivate primarily for their fruit, and to a lesser
extent to make fiber, banana wine, and banana. This prompted
to expansion of its cultivation, and increasing in its cultivated
area. Also, many good high-yielding varieties were
introduced to Egypt, including the Williams variety subject of
this research (Ibrahim, 2016).

The classification of cultivated bananas has long been
a problematic issue for taxonomists. Linnaeus originally
placed bananas into two species based only on their uses as
food: Musa sapientum for dessert bananas and Musa
paradisiaca for plantains. More species names were added,
but this approach proved to be inadequate for the number of
cultivars. Many of these cultivars were given names that were
later discovered to be synonyms. Williams cultivar is one of
Cavendish subgroup and considered as one of the most the
main bananas varieties in terms of widespread and commerce.
This cultivar characterized by a hardy pseudostem which has
a good resistance to wind and cold, heavy weight of bunches
and large heads, as well as fruit that are sweet (Ibrahim, 2016).

The link between food safety and human health is the
major concern of the consumer. However, natural sources such
as humic acid and seaweed extracts have an important role in this
regard (Stevenson, 1982; Guiry & Blunden 1991; Kulk, 1995;
Fornes et al., 2002; Massie 2003; Fornes et al., 2005; Laurence,
2006; Kuwada et al., 2006; Gary-Wiiens & Reynold 2008;
Murdinah & Hermant 2008; Mosa et al., 2014; Battacharyya et
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al., 2015; Ibrahim & Gad El-Kareem, 2014: El-Boray et al.,
2015; Doring et al., 2015, and Omar et al., 2017; Jindo et al.,
2020). Humic acid acts as a soil conditioner and bio catalyzer,
increases root development and colonization. Benefits of humic
substances are addition of organic matter to soil, increasing root
vitality, improving nutrient elements uptake, enhancing
chlorophyll synthesis, increasing fertilizers retention, stimulating
beneficial soil microbial activity, and producing healthy plants
with good yield (Hewitt et al., 1976; Stevenson, 1982; Ferrara
and Brunetti, 2010; Abd El-Kareem 2014; Mayi et al., 2014; El-
Boray et al., 2015; and De-Melo et al., 2016). Seaweeds are
potentially excellent sources of highly bioactive secondary
metabolites that could represent useful leads in the development
of new functional ingredients. Many reports have been published
regarding isolated compounds from seaweeds with various
biological activities, demonstrating their ability to produce
important metabolites unlike those found in terrestrial species
(Featonby-Smith, 1984; Fan etal., 1993; Reitz & Trumble, 1996;
Laurence, 2006; Zamani et al., 2013; lbrahim, 2017 and lbrahim
& Abo-Hessiba 2018).

Based on the abovementioned the target of this study
was to examine the effect of spraying of humic substances and
seaweed extract on growth, nutritional status, and yield as
well as fruit physical and chemical characteristics of Wiliams
banana plant grown under arid conditions of El-Minia
Governorate, Egypt.

MATERIALS AND METHODS

This study was carried out during two successive
seasons of 2018 and 2019 on second and third ratoons of
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Williams banana plants grown in a private orchard situated at
Saft Al-Laban village EI-Minia Governorate, Egypt, where
the soil is loamy clay and well drained. The plants are planted
at 3 x 3.5 m apart and irrigated with Nile water using surface
irrigation system. Other horticultural practices such as
fertilization, hoeing as well as training, and pest control was
carried out as usual as recommended (Ibrahim, 2016).

Soil analysis: Analysis of the orchard soil at 0.0 to 60.0 cm
depth was carried out according to Wilde et al., (1985) and
Walsh & Beaton (1986). The obtained data are shown in
Table (2).

Table 1. physical and chemical properties of the tested soil.

Soil Property Values
Sand % 6.4
Silt % 56.2
Clay % 374
Texture Silty clay loam
pH (1: 2.5 extract) 7.82
E.C. (1:5 extract) (d Sm™) 1.66
O.M % 1.92
CaCO3% 213
Total N % 011
Available P ( ppm, Olsen) 6.1
Available K ( ppm, ammonium acetate) 433.6

Experimental procedures: This study included sixteen
treatments with two factors (A & B), each treatment was
replicated three times making up 48 experimental stools. The
first factor (A) comprised of four humic acid concentrations
namely: 0.0, 0.5%, 1% and 2%. The second factor (B)
contained the following four seaweed extract concentrations
namely: 0.0%, 0.25%, 0.50% and 0.75%. Stool of each
treatment was containing three Williams banana plants.
Potassium humate as the salt of humic acid and seaweed
extract were sprayed three times at the second week of April
and at one-month intervals. Triton B as a wetting agent was
added to all spraying solutions.
Experimental design: This experiment was set up in a
randomized complete Block design (RCBD) in split plot
arrangement which the humic acid concentration occupied
the main plots and seaweed extract occupied the sub- plots
according to Snedecor & Cochran 1990. The main Chemical
analyses of seaweed extract are shown in table (2) according
to El-Said and EI-Sikaily 2013.
Table 2. Chemical analyses of seaweed extract used in this
experiment.
Compound

Organic Matter
Total Nitrogen

Concentration
45 ~ 50% wiw
0.5~ 1.5% wiw

Phosphorus (P20s) 6 % wiw
Potassium 18 ~ 22% wiw
Magnesium 0.42 ~ 0.6% wiw
Calcium 0.40 ~ 1.60 % wiw

Iron 0.15 ~ 0.30 % wiw

Copper 25 ppm ~ 45 ppm wiw
Sulfur 14~2.6%wiw
pH value 8~8.5
Moisture <5%

Alginic acid 10— 13% wiw
Soluble in water 100decreases% wiw
Appearance Black Flake / powder

Measurement of vegetative growth: After the flowering
inflorescence emerges from the top of plant at July for both
the second and third ratoons, the following vegetative
characteristics were measured: Pseudostem height in (m),
girth of pseudostem (cm) at the height of 1 meter from the soil

surface, number of green leaves per plant, Leaf area (cm?)
according to the following equation:
Leaf area=0.67 (L x W) + 107.15 (Ahmed and Morsy, 1999)
Where: L= leaf length (cm) and W = leaf width (cm).
Leaf mineral contents: Leaf samples were taken from the
third upper leaf of the plant after bunch shooting in September
in both seasons. A sample of 10x 10 (cm) area from the
middle part of the leaf blades as recommended by Martin-
Préval et al., (1984). Leaf samples were washed with tap
water then with distilled water, and then the samples were
oven dried at 60- 70°C until a constant weight and ground.
The following mineral elements were determined: Total
nitrogen%, using micro- Kjeldahl method (Wilde et al.,
1985). Phosphorus%, by using the Olsen method as (Martin-
Préval et al., 1984). Potassium%, by using Flame
photometric, (Martin-Préval et al., 1984). Magnesium?,
using versene method (Martin-Préval et al., 1984).
Measurement of yield and fruit quality: The bunches were
picked at the last week of November in both 2018 and 2019
seasons when the fingers reached three quarter stage. Bunch
weight (kg), average hand weight (g) and finger weight (g)
were recoded. Three hands from the base middle and distal
end of the bunch (as a composite sample) were taken for the
physical and chemical determination. Then, the hands were
wrapped with newspaper and enclosed in wooden boxes with
a glass surface to achieve artificial ripening. After the fingers
ripened, the following physical parameters were determined:
Average weight of the finger (g); Average finger dimensions
(diameter and length cm); Average ratio between pulp and
peel. A composite sample was taken from the fruit pulp and
mixed using an electric blender, and then the following
chemical parameters were determined: percentage of total
soluble solids by using a handy refractometer; percentage of
reducing and total sugars by using methods of Lane and
Eynon (1965) that outlined in Rangana (1985); percentage of
total acidity (g malic acid per 100 g fresh pulp) according to
A.0.A.C., (2000).
Statistical analysis: The obtained data were analyzed and the
differences between the means were compared by using
L.S.D. test at the probability level of 5% according to
(Snedecor & Cochran 1990 and Gomez & Gomez, 1984).
RESULTS AND DISCUSSION
1- Effect of humic acid and seaweed on vegetative
growth:

It is obvious from the obtained data (Table 3) that using
humic acid and seaweed extract significantly was accompanied
with enhancing pseudo stem height, pseudo stem girth, number
of leaves/plant and leaf area, during both experimental seasons.
Using humic acid had announced effect on these characters
than using seaweed extract, especially with the higher
concentrations. The highest values of pseudo stem length and
girth as well as number of leaves/plant and average leaf area
were observed with using humic acid at 2% accompanied with
seaweed at 0.75% followed by 2% humic acid accompanied
with 0.5% seaweed extract. However, during both
experimental seasons, non-significant differences were
observed in all vegetative growth parameters between the
higher concentrations of either humic acid or for seaweed
extract. On the other side, untreated plants present the lowest
pseud stem height, pseudo stem girth, number of leaves/plant
and leaf area, during both experimental seasons.
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It is well known that humic acid and seaweed extract
had a many functions in plant nutrition and growth that
influence vegetative growth. These included enhancing of
metabolic processes such as photosynthesis; activation of
carbohydrate metabolized for synthesis of amino acids and
proteins; main role of cell division and root colonization and
distribution in soil. The aforementioned roles of both
compounds could be explaining its effect on improving
growth parameters (Doring et al., 2015, and Omar et al.,
2017; Jindo et al., 2020).

It is well documented that humic acid enhances the
production of growth promoting substances i.e. IAA, GA3,
and cytokinin (Mouftah 2007; Al-Wasfy and El-hawaga
2008; Mohamed 2017). Moreover, previous investigations
recommended the use of humic acid to enhance growth,
nutrients availability and uptake, nutrient transport,
photosynthesis process, water use efficiency, vitamins B and
resistant to draught (Senn & Kingman 2000; Mansour et al.,

2004; Al-Wasfy & El-Khawage 2008 and El-Khawga &
Meklad 2013). However, seaweed components such as
macro- and microelement nutrients, amino acids, vitamins,
cytokinin, auxins, and abscisic acid (ABA)-like growth
substances affect cellular metabolism in treated plants leading
to enhanced vegetative growth of fruit trees (Tay et al., 1985;
Crouch 1990; Gandhiyappan & Perumal 2001 and Ali &
Mohamed 2016). Seaweed extracts are bioactive at low
concentrations, although many of the various chemical
components of seaweed extracts and their modes of action
remain unknown, it is plausible that these components exhibit
synergistic activity (Fornes et al., 2002; Vernieri et al., 2005;
Doring 2015 and El-Boray et al., 2015). This brief description
of the most important roles of humic acid and seaweed extract
in enhancing plants growth can clearly explain the remarkable
improvements in all vegetative growth of Williams banana
that were found in this study.

Table 3. Effects of spraying humic acid (HA) and seaweed extract (SW) on vegetative growth of Wiliams banana plants,

during 2018 and 2019 seasons.

Pseudo stem height (m)

Treatments 2018 2019

HA00% HA05% HA1% HA2% MeanB HA0.0% HA05% HA1% HA2% MeanB
SW0.0% 1.63 1.88 1.95 210 1.89 1.66 1.89 2.09 219 1.88
SW 0.25% 177 1.93 217 2.28 2,04 181 1.93 219 2.28 205
SW 0.50% 1.89 227 2.35 241 223 1.96 2.26 2.39 244 2.26
SW0.75% 1.92 233 2.39 243 2.27 2.05 2.29 243 249 232
Mean A 1.80 210 222 231 187 2.09 2.28 2.35
LSD 5% A=0.18 ; B=015 ;AB=0.22 A=0.18 ; B=0.17 ;AB=0.25

pseudo stem girth (cm)

Treatments 2018 2019

HA00% HAO05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 725 75.2 775 79.0 76.1 71.1 76.6 79.8 814 772
SW 0.25% 75.8 79.8 821 829 80.2 76.9 779 827 83.8 80.3
SW 0.50% 78.7 81.6 83.9 84.2 82.1 795 824 84.2 855 829
SW0.75% 79.3 825 84.4 84.3 82.6 80.1 839 85.1 86.4 839
Mean A 76.6 79.8 819 82.6 76.9 80.2 83.0 84.3
LSD 5% A=270 ; B=211 ; AB=3.02 A=282 ; B=291 ; AB=4.26

Number of green leaves / plant

Treatments 2018 2019

HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 110 150 170 19.0 155 12.0 170 20.0 210 175
SW0.25% 14.0 170 190 21.0 178 17.0 190 21.0 220 198
SW 0.50% 17.0 19.0 20.0 220 195 19.0 220 230 230 218
SW0.75% 18.0 20.0 220 22.0 20.5 20.0 230 23.0 24.0 225
Mean A 15.0 17.8 195 210 17.0 20.3 218 225
LSD 5% A=15 ; B=16 ; AB=23 A=18 ; B=19 ; AB=27

Leaf area (m?)

Treatments 2018 2019

HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 0.87 101 118 121 1.10 0.89 101 121 1.29 1.10
SW 0.25% 1.03 119 125 1.29 1.19 111 122 1.29 132 1.26
SW0.50% 1.16 121 1.28 1.36 1.25 118 1.25 1.37 141 1.30
SW0.75% 1.19 1.28 132 1.39 1.29 121 132 141 145 1.35
Mean A 1.06 117 1.26 131 1.09 1.20 1.32 137
LSD 5% A=0.11 B=0.13 ; AB=0.19 A=0.09 ; B=0.12 ; AB=0.18

2- Effect of humic acid and seaweed on leaf mineral
contents:

Table (4) show the effect of single and combined
spraying of humic acid and seaweed extract on Wiliams banana
leaf mineral contents. It is worth to mention that application of
humic acid and seaweed extract was significantly followed by
great promotion on leaf N, P, K, and Mg% relative to untreated
plants. The same Table shows that increasing the humic acid
andfor seaweed extract concentration was associated with
significant increasing in leaf mineral contents. Regarding the

interactions between the examined compounds, increasing
humic acid concentration accompanied with seaweed extract
enhanced leaf mineral % significantly during both seasons.
However, the highest N%, P%, K% and Mg% were obtained
from the plants received 2% humic acid accompanied with
seaweed extract at 0.75% in both experimental seasons. On the
other hand, unfavorable effects on leaf mineral contents, during
both experimental seasons, were produced by untreated plants.

These results are in accordance with those obtained by
Gandhiyappan & Perumal, (2001); Fornes et al., (2002);
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Vernieri et al.,, (2005); Doring (2015) and El-Boray et al.,  (2018); whereas, their results proved that application of humic
(2015); Ali & Mohamed (2016) and lbrahim & Abo-Hessiba  acid or seaweed extract improved nutritional status of fruit trees.
Table 4. Effects of spraying humic acid (HA) and seaweed extract (SW) on leaves N, P, K and Mg content (%0) of

Wiliams banana plants, during 2018 and 2019 seasons.

Leaf N%o
Treatments 2018 2019
HA0.0% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 172 1.92 212 219 2.02 1.80 212 222 2.23 211
SW 0.25% 1.95 211 2.23 227 2.14 2.05 217 2.29 2.30 2.20
SW 0.50% 2.24 222 2.29 2.30 2.26 2.19 2.23 2.32 2.36 2.28
SW0.75% 2.28 2.24 231 2.32 2.29 221 2.29 2.35 2.38 231
Mean A 2.04 212 2.24 227 2.07 2.20 2.30 2.32
LSD 5% A=0.09 ;B=0.11 ; AB=0.16 A=0.11 B=0.09 AB=0.13
Leaf P%
Treatments 2018 2019
HA00% HAO05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 0.39 0.42 0.45 0.45 0.43 0.38 0.42 0.45 0.46 0.43
SW 0.25% 0.42 0.46 0.47 0.48 0.46 0.44 0.47 0.49 0.50 0.48
SW 0.50% 0.44 0.48 0.48 0.48 0.47 0.47 051 0.53 0.53 051
SW0.75% 0.44 0.47 0.48 0.49 0.47 0.49 0.53 0.54 0.55 0.53
Mean A 0.42 0.46 0.47 0.48 0.45 0.48 0.50 0.51
LSD 5% A=0.03 ; B=0.03 ; AB=0.04 A=0.02 ; B=0.04 AB=0.06
Leaf K%
Treatments 2018 2019
HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 1.94 2.22 2.33 2.37 2.22 2.09 2.19 2.28 2.33 2.22
SW 0.25% 231 2.33 241 242 2.37 221 227 2.37 241 2.32
SW 0.50% 2.39 2.37 244 2.46 242 2.30 2.39 241 251 2.40
SW0.75% 2.39 243 245 247 244 2.33 244 244 2.54 244
Mean A 2.26 2.34 241 243 2.23 2.33 2.38 244
LSD 5% A=012 ; B=011 ; AB=0.16 A=0.11 ; B=012 ; AB=0.18
Leaf Mg %
Treatments 2018 2019
HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 0.57 0.66 0.68 0.68 0.65 0.59 0.64 0.70 0.72 0.66
SW 0.25% 0.65 0.67 0.69 0.70 0.68 0.63 0.69 0.74 0.77 0.71
SW 0.50% 0.67 0.68 0.71 0.72 0.70 0.65 0.71 0.74 0.78 0.72
SW0.75% 0.68 0.70 0.71 0.72 0.70 0.66 0.72 0.75 0.79 0.73
Mean A 0.64 0.68 0.70 0.71 0.63 0.69 0.73 0.77
LSD 5% A=0.02 ; B=0.03 ; AB=0.04 A=003 ; B=0.03 ; AB=0.04

3- Effect of humic acid and seaweed on bunch and hand
weight:

Effect of humic acid and seaweed on bunch (kg) /
plant weight and hand weight (kg) are illustrated in Table (5).
It is obvious from this Table that foliar application of humic
acid and seaweed significantly was very effective in
improving yield and its components. This promotion was
associated with increasing humic acid concentration from
0.0% to 2% and seaweed from 0.0% to 0.75%.

The interaction between humic acid and seaweed
extract had significant effect on bunch weight/plant (kg) and
hand weight (kg) of Williams banana plant. Spraying
Williams banana with Humic acid at 2% and seaweed extract
at 0.75% gave the maximum values of bunch weight and hand
weight, compared to untreated plants or other treatments. On
the side, control plants presented the lowest bunch and hand
weights during both experimental seasons.

The improving effect of humic acid and seaweed
extract on enhancing leaf area (cm?) and assimilation area
(m?) which observed in this study could explain the present
results concerning the positive effect on bunch weight
(kg)/plant, hand weight (kg) and finger weight (g). In
addition, humic acid and seaweed extract leads to enhance the
biosynthesis of carbohydrate and other organic foods and
stimulate nutritional status, of plants which could result in
enhancing the uptake of the essential elements and producing

different assimilation during plant metabolism. The obtained

results are in harmony with those obtained by Tay et al.,

(1985); Vaughan & Malcolm, (1985); Crouch (1990);

Gandhiyappan & Perumal (2001); Mayi et al., (2014); Ali &

Mohamed (2016) and Ibrahim (2017).

4- Effect of humic acid and seaweed on fruit physical
properties:

Data concerning the effect of humic acid and seaweed
extract on physical properties of Williams banana during 2018
and 2019 seasons are illustrated in Table (6). Itis noticed from
the obtained data that, during both experimental seasons, the
fruit weight, fruit length, fruit diameter and pulp/peel ratio of
Williams banana plant were improved significantly as a result
to spraying humic acid and/or seaweed extract at different
concentrations. However, during first season all humic acid and
seaweed concentrations failed to significantly affect fruit length
(cm). Except the case of combined application of both
compounds at higher concentrations, that was capable to
improve fruit length significantly. In relation to humic acid and
seaweed extract application, the promotion effect on fruit
physical properties were stronger in the second seasons than
those obtained during the first season.

It is noticed from the obtained data that, during both
experimental seasons, the interactions between humic acid
and seaweed extract treatments were significant on all fruit
physical properties. The plants received the highest
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concentrations from the examined compounds in  untreated plants presented the lowest values of fruit physical

combination present the highest fruit weight (97.8 & 99.3 g),  properties (84.4 & 85.6 g for fruit weight; 14.6 & 14.1 cm for

fruit length (15.9 & 16.5 cm), fruit diameter (7.3 & 7.8 cm)  fruit length; 5.5 & 5.0 cm for fruit diameter and 73.8 & 72.2%

and fruit pulp/peel ratio (76.5 and 78.1%). on the other side,  for fruit pulp/peel ratio).

Table 5. Effects of spraying humic acid (HA) and seaweed extract (SW) on bunch weight (kg) and hand weight (kg) of
Wiliams banana plants, during 2018 and 2019 seasons.

Bunch weight (kg)

Treatments 2018 2019

HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0 % 223 245 255 284 25.2 21.8 255 271 289 25.8
SW 0.25% 24.3 26.7 25.7 29.2 26.5 24.9 265 285 299 215
SW 0.50% 256 28.3 29.9 30.1 285 26.8 281 30.3 317 29.2
SW0.75% 255 285 30.3 309 28.8 27.1 28.8 316 323 29.6
Mean A 24.4 27.0 279 29.7 25.2 27.2 29.4 30.7
LSD 5% A=19 ; B=13 . AB=19 A=17 ; B=16 ; AB=234

Hand weight (kg)

Treatments 2018 2019

HA00% HAO05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 142 174 1.95 2.09 1.80 154 1.88 2.09 221 1.93
SW0.25% 1.88 1.97 211 2.20 2.04 1.68 212 2.25 234 2.09
SW 0.50% 1.93 211 2.25 2.29 215 1.99 221 231 2.40 2.23
SWO0.75% 2.03 213 2.29 232 2.19 211 2.29 2.39 244 231
Mean A 1.82 1.99 2.08 2.22 181 213 2.26 2.35
LSD 5% A=007; B=0.07 ; AB=0.10 A=009 ; B=08 , AB=0.12

Table 6. Effects of spraying humic acid (HA) and seaweed extract (SW) on fruit physical characteristics of Wiliams
banana plants, during 2018 and 2019 seasons.

Fruit weight (g)
Treatments 2018 2019
HA00% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 84.5 912 933 94.7 90.9 85.6 90.3 9.1 95.7 914
SW 0.25% 88.3 933 94.7 96.1 931 88.6 915 94.7 97.2 93.0
SW 0.50% 89.7 95.1 9.0 97.1 945 90.9 92.8 96.7 98.3 94.7
SW0.75% 90.3 95.5 96.3 97.8 94.9 92.7 95.3 97.8 99.3 96.3
Mean A 88.2 93.8 95.1 9.4 89.5 925 954 97.6
LSD 5% A=41 . B=36 ; AB=53 A=43 B=32 ; AB=47
Fruit Length (cm)
Treatments 2018 2019
HA0.0% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0 % 146 148 149 153 15.0 141 149 155 156 15.0
SW 0.25% 149 149 15.1 157 152 148 152 16.1 159 155
SW 0.50% 154 156 156 157 156 155 159 16.3 164 16.1
SW0.75% 155 15.7 158 159 15.7 158 16.2 16.3 165 16.3
Mean A 153 153 154 156 15.1 153 16.1 16.1
LSD 5% A=NS ; B=NS ;AB=13 A=10 ,; B=11 ; AB=16
Fruit width (cm)
Treatments 2018 2019
HA0.0% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0 % 55 6.3 6.7 6.9 6.4 5.8 6.2 6.8 70 6.5
SW 0.25% 5.9 6.6 7.0 71 6.7 6.1 6.6 71 74 6.8
SW 0.50% 6.2 6.8 7.0 7.2 6.8 6.5 71 75 7.7 7.2
SW0.75% 6.4 6.9 7.1 7.3 6.9 6.8 74 7.6 7.8 74
Mean A 6.0 6.7 7.0 71 6.3 6.8 7.3 75
LSD 5% A=0.58 ; B=042 ; AB=0.62 A=049 ; B=0.67 ; AB=0.98
Fruit Pulp/peel ratio
Treatments 2018 2019
HA0.0% HA05% HA1% HA2% MeanB HA00% HA05% HA1% HA2% MeanB
SW0.0% 738 744 74.8 749 745 722 74.2 76.9 7.1 75.1
SW 0.25% 749 75.1 75.3 755 75.2 74.3 75.1 76.9 775 759
SW 0.50% 75.1 75.8 759 76.1 75.7 75.0 76.2 77.1 779 76.6
SW0.75% 75.5 759 76.3 76.5 76.1 755 76.7 77.3 78.1 76.9
Mean A 74.7 75.3 75.6 75.8 74.3 75.6 77.1 78.2
LSD 5% A=08 ; B=11 ; AB=16 A=13 ; B=09 ; AB=1l3

It’s well known that; seaweed extract is potentially ~ 1984; Fan et al., 1993; Laurence, 2006 and Zamani et al.,
excellent source of highly bioactive secondary metabolites 2013 and El-Boray et al., 2015). It is may be logical that The
that could represent useful leads in the development of new  Improving effect of seaweed extract on physical properties of
functional ingredients. Many reports have been published  Williams banana fruits might be explained by its high content
regarding seaweed extracts with various biological activities,  of macro and micro nutrients, its content of vitamins and
demonstrating their ability to produce important metabolites  hormones such as gibberellins and cytokinin.
unlike those found in terrestrial species (Featonby-Smith
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5- Effect of humic acid and seaweed on fruit chemical
properties:

Data concerning the effect of humic acid and seaweed
extract on total soluble solids%, total sugars% and total
acidity of Williams banana plants during 2018 and 2019
seasons are illustrated in Tables (7). It is clear from these
results that both humic acid and seaweed were capable of
causing significant promotion in TSS% and total sugars% in
Willimas banana fruits over the control plants, during both
experimental seasons. On the other hand, gradual and
significant decreases in the total acidity% in both
experimental seasons were observed as a result of increasing
the concentration used from the examined compounds (from
0.5% to 2% for humic acid and from 0.25% to 0.75% for
seaweed extract) compared with control plants (Table 7). The
promotion effect on T.S.5% and total sugars% of the
Williams  fruit was associated with increasing the
concentration of humic acid and seaweed extract. However,
no-significant promotion was attributed neither for the
increasing humic acid concentration from 1% to 2% nor
increasing seaweed extract concentration from 0.50% to
0.75%. Therefore, the recommend treatment in this respect
was the application of humic acid at 1% and seaweed extract
at 0.50% in combination. However, unfavorable effects on

fruit chemical parameters were recorded on untreated plants
during both seasons.

The promotion effect of spraying humic acid and
seaweed extract on total soluble solids and sugars content and
decreasing total acidity were reported by Qasim, (1991); Abd
El-Wahab, (2015); Seleem & Ahmed (2008), Kok et al.,
(2010); Khan et al., 2012; Abd El-Wahab (2015) and Ali &
Mohamed (2016) for seaweed extract, and Tay et al., (1985);
Crouch (1990); Gandhiyappan & Perumal (2001); EI-Boray, et
al., (2015) and Ali & Mohamed (2016) for the physiological
effect of humic acid on fruit chemical properties.

The interaction between humic acid concentrations
and seaweed concentrations was significant in both
experimental seasons (Table 7). It was clear that the plants
received humic acid at 2% accompanied with seaweed extract
at 0.75% present higher and significant TSS% (21.9 & 21.9),
total sugars% (18.5 & 18.6) and lowest Total acidity (0.312
& 0.303) followed by those received 2% humic acid
accompanied with 0.5% seaweed extract.

However, the lowest TSS% and total sugars% were
obtained from untreated plants (17.2 & 17.4% for TSS; 14.9
& 14.8% for total sugars) and highest total acidity% (0.433 &
0.424), during both seasons, respectively.

Table 7. Effect of spraying humic acid (HA) and seaweed extract (SW) on fruit chemical characteristics of Wiliams

banana plants, during 2018 and 2019 seasons.

TSS %
2018 2019
Treatments HA00% HA05% HA1% HA2% MeanB HAO00% HA05% HA1% HA2% MeanB
SW0.0% 172 180 188 192 183 174 182 189 195 1850
SW 0.25% 19.1 196 199 203 19.73 189 193 196 207 1963
SW 0.50% 199 203 214 218 20.85 199 205 20.9 214 2068
SW 0.75% 203 205 217 21.9 21.10 205 20.7 217 219 2120
Mean A 1913 1960 2050  20.80 1918  19.68 2028 2088
LSD 5% A=052 : B=048 : AB=0701 A=061 : B=067 : AB=098
Total sugars %
2018 2019

HA00% HAO05% HA1% HA2% MeanB HAO00% HAO05% HA1% HA2% MeanB
SW00% 149 151 159 162 1552 1438 155 162 166 1578
SW 0.25% 167 16.8 169 172 16.90 159 171 173 175 1695
SW 0.50% 175 178 179 182 17.85 166 180 184 185  17.88
SW 0.75% 178 180 183 185 18.15 16.9 184 185 186 1808
Mean A 1673 1693 1725 1753 1605  17.25 1760  17.77
LSD 5% A=038 : B=043 :AB=063 A=041 : B=057 : AB=083

Total Acidity %

Treatments 2018 2019

HA00% HAO5% HA1% HA2% MeanB HAO00% HAO05% HA1% HA2% MeanB
SW00% 0433 0422 0401 0391 0412 0424 0411 0389 033l 0399
SW 0.25% 0403 0390 0381 0376 0388 0405 0392 0355 0344 0374
SW 0.50% 0387 0371 0333 0320 0353 0337 0329 0328 0311 032
SW0.75% 0385 0356 0322 0312 0344 0327 0319 0312 0303 0315
Mean A 0402 0385 0359  0.349 0373 0363 0346 0335
LSD 5% A=0027 :B=0033 : AB=0048 A=0028 : B=0039 : AB=0057

The role of spraying humic acid on improving fruit CONCLUSION

chemical characteristics was also observed by Gandhiyappan
& Perumal (2001); El-Boray, et al., (2015) and Ali &
Mohamed (2016). Furthermore, the positive effect of
spraying seaweed extract in increase the T.S.S% and sugar %
as well as decreasing the total acidity of Williams banana fruit
was observed on other fruit trees by: Koo (1988), Kok &
Mayo (1994); Hegab et al., (2005); Abd El-Wahab (2007),
Seleem & Ahmed (2008); Spinelli et al., (2009); Kok et al.,
(2010); EI-Saman, A.Y.E. (2010); Elham et al., (2010) Gad
El-Kareem & Abd El-Rahman (2013), Abd EI-Wahab
(2015), and Ali & Mohamed (2016).

From the obtained results It cloud be concluded that
spraying Williams banana plants cv. with humic acid at 0.5%
to 2% and/or seaweed extract at 0.25% to 0.57% was
remarkably improved vegetative growth parameters,
nutritional status, yield and fruit quality. However, in most
studied characters non-significant differences were observed
between the higher concentrations. The accompanied
treatments of humic acid and seaweed extract were more
effective than the individual treatment of each one. Generally,
it is recommended that spraying Williams banana plants
grown under silty clay loam soil by humic acid at 1% and
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seaweed at 0.50% three times is effective in order to enhance
banana growth, yield and fruit quality.

REFERENCES

Abd El-Kareem, AM. (2014): The beneficial effect of
biofertilization and weed control on fruiting of superior
seedless grapevines. Ph.D. Thesis, Fac. of Agric. Al-
Azhar Univ.

Abd El- Wahab, MH.H. (2015): Response of Superior
grapevines to spraying some vitamins and amino acids.
Ph. D, Thesis Fac. of Agric. Minia Univ. Egypt.

Ahmed, F. F and Morsy, M. H. (1999): A new method for
measuring leaf area in different fruit species. Minia. J.
Agric. Res. & Dev.19; 97-105.

Ali, H. A. and Mohamed, M.A.K. (2016): Effect of fruiting spur
length and spraying seaweed extract on yield and berries
quality of Early sweet grapevines. Assiut J. Agric. Sci.
(47) No, (6-2), 504 - 517.

Al-Wasfy, MMM.M. and El-Khawage, A.S. (2008): Effect of
organic fertilization on growth, yield and fruit quality of
Zaghloul date palm grown in sandy soil. Assiut J. of
Agric. Sci. 39 (1): 121-133.

Association of Official Agricultural Chemists (2000): A.O.AC,,
Official Methods of Analysis 14th Ed. Pp. 494-510.

Battcharyya, D. ; Babgohari, M. Z.; Rathor, P.; Prithirraj, B.
(2015): Seaweed extracts as bio-stimulants in
horticulture. Scientia Horticulturae, \Vol. 196, November
2015, Pages 39-48.

Crouch, 1.J. (1990): The effect of seaweed concentrate on plant
growth. Ph.D. Thesis, Depart. of Botany, Univ. of Natal,
Pietermaritzburg, South Africa.

De-Melo, B.AG.; Motta, F.L. and Santana, M.H.A. (2016):
Humic acids; Structural properties and multiple
functionalities for novel technological developments.
Materials Sci. & Eng. C 62,(2016): 967-974.

Doring, J.; Frisch, M.; Tittman, S.; Stoll, M. and Kauer, R.
(2015): Growth, yield and fruit quality of grapevines
under organic and biodynamic management. Plos One,
2015; 10 (20): published on line.

El-Khawage, A.S. and Meklad, M.F. (2013): Effect of mixing
bio and chemical fertilization on vegetative growth, yield
and fruit quality of Valencia orange trees. Hort Sci. J. of
Suez Canal Univ. 1(1): 269-279.

El-Boray, M. S. S; Mostafa, M. F. M.; Abd El-Galel, M.M. and
Somaa, I. A.l. (2015): Effect of humic acid and fulvic
acid with some nutrients and at different time of
application onyield and fruit quality of Anna Apple trees.
J. Plant Production, Mansoura Univ., 6 (3): 307-321.

El-Said, G.A. and El-Sikaily, A. (2013): Chemical composition
of some seaweed from Mediterranean Sea coast, Egypt.
J. Environ Monitoring Assessment, 185(7): 6089-6099.

Fan, X.; Han, L. and Zheng, N., (1993): The analysis of nutrient
components in some Chinese edible seaweed. Chinese
Journal of Marine Drugs, VVol. 12 No. 4; 32-38.

Featonby-Smith, B.C. (1984): Cytokinins in Ecklonia maxima
and the effect of seaweed concentrate on plant growth.
Ph.D. thesis, University of Natal, Pietermaritzburg,
South-Africa.

Ferrara, G. and Brunetti, G. (2010): Effects of the times of
application of a soilhumic acid on berry quality of table
grape (Vitis vinifera L.) cv Italia. Spanish J. of Agric. Res.
8(3): 817-822.

Fornes, F.; Sanchez-Perales, M.Y. and Guardiola, J.L. (2002):
Effect of a seaweed extract on the productivity of "de
Nules" clementine mandarin and navelina orange.
Botanica Marina 45: 486-489.

Fornes, F; Sanchez-Perales, M.Y. and Guardiola, J.L. (2005):
Effect of a seaweed extract on citrus fruit maturation.
Acta Hort. 379. Inter. Symp. on quality of fruit of fruit
and vegetable., pp 200-220.

Gandhiyappan, K. and Perumal, P. (2001): Growth promoting
effect of seaweed liquid fertilizer (Enteromorpha
intestinalis) on the sesame crop plant. Seaweed Resource
Util 23:23-25.

Hewitt, E.J.; Hucklesby, D.P.; Mam, AF.; Notton, B. and
Rucklide, G.J. (1976): Regulation of nitrate assimulation
in plants. 255-288. In Nitrogen assimilation of plants
1977. Ed. By Hewit, E.J. and Cutting, C.V.

Gary-Wiens and Reynolds, A. G. (2008): Efficacy Testing of
Organic Nutritional Products for Ontario Canada
Vineyards. Inter. J. Fruit Sci., Vol 8, Issue 1-2, 22-28.

Gomez, K. A. and Gomez, A. A. (1984): Statistical Procedures
for Agriculture Research, John Wiley and Sons, New
York, pp. 130.

Guiry, M. D. and Blunden, G. (1991): Agricultural uses of
seaweeds and seaweed extracts. In: Seaweed Resources
in Europe: Uses and Potential. Seaweed resources in
Europe: uses and potential. 1991. 65-81.

Ibrahim, H.I.M. (2016): Banana plant (pp. 66:88), in Tropical
fruits. 1% Ed. Published by Noor Publishing com.
Dusseldorf, Germany.

Ibrahim, H.F.S. (2017): insight into the impact of salicylic acid
and seaweed extract on fruiting of Williams banana.
Ph.D. Theses, Fac. Of Agriculture, Minia Univ, Minia —
Egypt.

Ibrahim, H.I.M. and Abo-Hessiba, A.M. (2018): Effect of
spraying seaweed extract on fruiting of Early superior
grapevines. 8™ Intern. Conf. of Sustainable Agric. Dev.,
5-7 March, Fac. of Agric. Fayoum Univ. Egypt.

Ibrahim, 1.M; and Gad El-Kareem, M.R. (2014): Response of
Willims banana plants to organic and biofertilization of
nitrogen versus inorganic fertilization. Inter. J. Chem
Tech Res.

Jindo, K.; Olivares, F.L.; Malcher,D.J.D.; Sanchez-Monedero,
M.A.; Kempenaar, C. and Canellas, L.P. (2020): Role of
humic substances under open-field and greenhouse
conditions as biostimulant and biocontrol agent.
Frontiers in Plant Science, 11, 426: 1-10.

Khan, H.; Ahmad, B.; Jaskani, M.J.; Ahmad, R.; Malik, A.
(2012): Foliar application of mixture of amino Acids
and seaweed (Ascophylum nodosum) extract
improve growth and physic-chemical properties of
grapes. Inter. J. Agric. & Biol., VVol. 14, No. 3 pp. 383-
388.

Kok, E. B.; Celik, S.C.; Ozer, C. and Karauz, A. (2010): The
influence of different seaweed doses on table grape
quality characteristics of CV. Trakya ilkeren (Vitis
vinefera L.). Bulgarian Journal of Agric. Science, VVol.
16, No. 4, 429-435.

Kulk, M.M., (1995): The potential for using Cyanobacteria
(blue-green algae) fungi. European J.Plant Pathol.,
Vol. 10 pp. 585-599.

1127


http://www.sciencedirect.com/science/article/pii/S030442381530176X#!
http://www.sciencedirect.com/science/article/pii/S030442381530176X#!
http://www.sciencedirect.com/science/article/pii/S030442381530176X#!
http://www.sciencedirect.com/science/journal/03044238
http://www.sciencedirect.com/science/journal/03044238/196/supp/C
https://www.sciencedirect.com/science/journal/09284931
https://www.sciencedirect.com/science/journal/09284931/62/supp/C
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Said%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=23212555
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Sikaily%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23212555
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3667364/
http://www.tandfonline.com/author/Wiens%2C+Gary
http://www.tandfonline.com/author/Reynolds%2C+Andrew+G
http://www.tandfonline.com/toc/wsfr20/current
http://www.tandfonline.com/toc/wsfr20/8/1-2

Gomaa, A. M. and Heba F. S. Ibrahim

Kuwada, K., Wamocho, L.S., Utamura, M., Matsushita, L., Ishii,
T., (2006): Effect of red and green algal extracts on
hyphal growth of arbuscular fungi, and on mycorrhizal
development and growth of papaya and passion fruit.
Agron. Journal Vol. 98, pp.1340-1344.

Laurence, T. (2006): FAO Guide, section 9: Other uses of
seaweeds. FAQ. Org. Publication Roma Italy.

Mansour, A. E. M ; Ahmed, F.F. and Mohamed, A.Y. (2004):
Effect of bio and organic source of N as a partial
substitute for mineral fertilizers on fruiting of Sewy date
palms. 2 Inter. Conf. On Date Palm, Suez Canal Univ.
El-Avrish 6-8 Oct.

Martin-Préval, P.; Gagnard, J. and Gautier, P. (1984): L'analyse
végeétale dans le contrble de l'alimentation des plantes
temperes et tropicales. Seconde Edition. pp 810.
Technique & Documentation—Lavoisier, Paris, France.

Massie, S. (2003): Environmentally friendly feeds for aquaponic
systems. Aquaponics J. 7 : 15-17.

Mayi, AA.; lbrahim, Z.R. and Abdurrahman, A.S. (2014):
Effect of foliarspray of humic acid, ascorbic acid,
cultivars and their interactions ongrowth of olive (Olea
European L.) transplants cvs. Khithairy and Sorany. J. of
Agric. & Veter. Sci. 7(4): 18-30.

Mohamed, A K.A. (2017): influence of replacement a part of
inorganic nitrogen fertilizers by using humic acid and
EM on fruiting of Sewy date palms. M.Sc. Thesis, Fac.
of Agric. Minia Univ — Egypt.

Mosa, W.F.A; Paszt, L.S.; Abd EI-Mgeed, N. (2014): The Role
of Bio-Fertilization in Improving Fruits Productivity.
Advances in Microbiology, 2014, 4, 1057-1064.

Mouftah, R.T. (2007): Physiological studies on biofertilization of
mango trees cvs Taimour and Zebda. Ph.D. Thesis Fac.
of Agric. Minia Univ. Egypt.

Murdinah, R. and Hermant, O.S. (2008): Application of
bioactivators to produce organic fertilizer from seaweed
processing waste. J. Applied Industrial Biotechnology in
Tropical Region, Vol. 1 (1-4).

Omar A. E.; Ahmed, M.A.; Al-Saif, A.M. (2017): Influences of
seaweed extract and potassium nitrate foliar application
on yield and fruit quality of date palms (phoenix
dactylifera L. cv. Sukary. Advance in Agric. Sci. 5 (3):
16-22.

Qasim, R. (1991): Amino acid composition of some common
seaweed. Pakistan J. Pharmaceuical Sciences, vol. 4 No.
1,49-54.

Ranganna, S. (1985): Manual of analysis of fruit and vegetable
products. Tata McGraw-Hill publishing company
limited, New Delhi, i-ix: pp 632.

Reitz, S.R., and Trumble, J.T. (1996): Effect of cytokinins -
containing seaweed extract on phaseolus lunatus L.:
Influence of nutrient availability and apex removal. Bot
Mar 39: 33-38.

Seleem, B.M. and Ahmed, F.F. (2008): The primitive effect
extract on fruiting of Thompson seedless grapevines.
Minia J. of Agric. Res. and Develop. 28 (1): 60-80.

Senn, T.L. and Kingman, A.R. (2000): A review of humus and
humic acids. www. Australianhumates. Com, pp: 1.

Snedecor, G.W. and Cochran, W.G. (1990): Statistical Methods,
7 Ed. The lowa State Univ. Press Ames. pp 80-100.

Stevenson, F.J. (1982): Humic chemistry, chemistry, genesis,
compostion and Reactions. 2nd Ed., Wily, New York.

Vaughan, D. and Malcolm. R.E. (1985): Influence of humic
substances on growth and physiological process. In:
Vaughan D, Malcolm RE, Editors. Soil Organic Matter
and Biological Activity. Dordrecht, Netherlands: Kluwer
Academic Publishers; pp: 37-75.

Vernieri, P.; Borghesi, E.; Ferrante, A.; Magnani, G.; (2005):
Application of bio-stimulants in floating system for
improving rocket quality. J Food Agric Environ 3:86-88.

Tay, S.A; Macleod, J.K.; Palni, L.M.; Letham, D.S. (1985):
Detection of cytokinins in a seaweed extract.
Phytochemistry, 24: 2611-2614.

Walsh, L.M. and Beaton, J.D. (1986): Soil testing and plant
analysis. 6" Edition. Editor, Soil science society of
America, Inc. pp 489.

Wilde, S.A.; Corey, R.B.; Layer, J.G. and Voigt, G.K. (1985):
Soil and plant analysis for tree culture. 3rd Ed, Oxford
and New Delhi- India Publishing. Pp. 529-546.

Zamani, S.; Khorasaningjad, S.; Kashef, B. (2013): the
importance role of seaweeds of some characters of plant.
Inter. J. of Agriculture and Crop Sci. Vol., 5 (16), 1789-
1793.

ol g dlagedl ala (s W ey Jelilgl el cladl Lall Bagag Jganallg Auiliall Alad) g gall)

L adl lasl

2 2 ) e (s 59 A 5 T dran e sMle
s goal) BB Aaaly — Ao 30 A0S — i) anid !
Gkl dralas — A1 30 A0S (piln) pudd 2

5%1,0 5%0,5 3 i o sell el i "l e Ll Sy ol D g " Al o )il Al Sl g 5 ol L il A )

o Al a3l 3 A il il 5 2019 52018 Lea Galliie Cpdle JNA calall (3 30 S 9%0,75 5%0,50 5 %0,25 1S s dyad e oaliine %20
5 Siasa 3 iyl B2 Aada Al il L Al 4l g il elsay pails (55 55 el Adilane — (lll b By s Al B ) o (Al Sl gl sl i 00N A5 sl
o sigl) (e Al <l S il lall 3 e G Sl gl gl il () o Al 5l o3 DA e Juaniall il Cina o 85 5D e JBY g oY) el
(s Aliaia) lall &y pemdl) cldeal) b (5 5ima Gt aal (30 (%0,75 5 %0,50 5 %60,25 5 %0,0) doadl eVl paliins (%2,0 5%1,0 5 %0,5 5%0,0)
Dsinsill s G s (g GBI sYI (s sima B ) (8 Aliaia) Colall AR ANall 5 (38 ) ) prdans Aalise 5 lill/e) jumdl (35 220 AASH Bl Jame AASH Bl gl
el Al 5 A0 ) Clbal gall a5 alaall 038 mms,;ﬁ\oj}hy,&uﬂ\w,hﬁgxiwdw\zfasﬂssj(ﬂp@wﬁwug\,
Bl Laledl g o3 el (A AN il ySall A 330 ) 68 el A (8 A Abal) o) gall Ao Bl 5 8 ) (I all) Ao 330 5 68 el Sl 330 5 el (5 330 ) (A Alia)
plasind e B 565 (B ad) e Galiivue g ole gl cada) (S jall DI AS Jidiall Aleaad) & jgd) 85 Aldra yuad) clililly 45 e AlS @l ¢(3 el (o3 S da gan)
IS e Ao 3l el ) die Lo (seanll o Al all a3 sall il By el 5 3y juadl clbiall il Juall 5 Al 5 Jae clanall S e @l 533 jiay S 50 S
Gadla iy o and Ayl e s YA G 4l Ylen) (S 5al) SIS G oW1 0 3801 G An s (il (S5 ol ad G (3 Al ) e g0 DIA g dlas (S 5al
Y (B Al Sl gl Clin ) pall i) ATl el 8 g 5 BaeS 5 ) g (5 gl sl Cpnd (ool B S Al <l 8 5 By ) oY) (aliins 5 ol sl

Al sl Ca gyl s duakall dgulall dalod)

1128


http://www.fao.org/DOCREP/006/Y4765E/y4765eOc.htm

