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Abstract

This study was carried out at the Experimental Farm, College
of Agriculture and Veterinary Medicine, Qassim University, Qassim
Region, Kingdom of Saudi Arabia during the period 2019-2020 under
greenhouse conditions to investigate the effect of chemical, organic
and bio- fertilizers on growth, yield and quality of cucumber crop.
Five treatments of fertilization (chemical "inorganic") as a control —
(organic) — (organic + Biochar) — (organic + fungus “VA-
mycorrhiza”) — (organic + bacteria “Bacillus”) were used in this
study. Results revealed that there were significant differences between
the fertilization treatments in all studied characteristics except leaf
fresh weight (g), fruit length (cm), number of fruits plant™ and total
soluble solids (%). The results showed that the organic with bio
fertilizers gave the best results in all studied characteristics and were
not significantly different from chemical (inorganic) fertilization.
Fertilization treatment (organic + bacteria) was the best in yield and
quality characteristics. Fertilization treatment (organic + fungus) was
the best in some vegetative growth traits such as relative growth rate
(g g day™?) and net assimilation rate (g m? day™). Therefore, the
study recommends the use of organic fertilizers with bio fertilizers,
especially (organic + bacteria) to obtain the highest yield and quality
of cucumber fruits. Thus, it is possible to preserve the soil, ground
water and air from pollution by fertilizer residues, which achieves the
main objective of the study, which is to preserve the environment
from pollution, as well as to obtain safe healthy food. The study also
recommends conducting more studies on the use of this type of
fertilizer in different quantities and for other cultivars and on other
crops under greenhouse conditions. As well as the use of this type of
fertilizer with different mixtures of other organic fertilizers.

Keywords
Cucumber, Inorganic fertilization, Organic Fertilization, Biochar,
Bacillus, VA-mycorrhiza, Fruit Yield, Fruit Quality, Greenhouse.
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INTRODUCTION

Cucumber (Cucumis sativus L.) is a
vegetable crop belonging to the Cucurbitaceae
family. It is an annual, cross-pollinated,
dicotyledonous crop. It is a warm season
vegetable. It is a very sensitive crop to low
temperatures, and exposure to these conditions
may lead to a decrease in both growth rate and
yield (Hassan, 1991). It is a very sensitive crop to
the lack of nitrogen element, and soil salinity, and
exposure to these conditions can change the shape
of the fruit (Hassan, 2001). It is cultivated for its
fruits that can be eaten fresh or pickled. (Matlub et
al., 1989). Cucumber fruits in the consumer
maturity stage contain about 4-6% dry matter
consisting of carbohydrates, proteins, fibers and
fats, in addition to some mineral salts, such as
potassium salts. It contains a number of enzymes
that help digest and assimilate fatty and protein
substances. Its mineral salts are alkaline in effect,
thus helping to adjust the acidity of the blood fluid,
dissolving stones in the kidneys, and increasing
urine output. It is believed to be highly beneficial
for treating both high and low blood pressure
(Kashif et al., 2008). The use of various chemical
fertilizers certainly has an impact on increasing
productivity. Despite the high efficiency of these
fertilizers, recent trends, especially after the
nineties, focused on the need to limit their use
because of their negative impact that causes
environmental and health problems as well as their
negative impact on microorganisms in the soil, soil
properties and groundwater pollution (Al-
Redhaiman, 2003). One of the most important
purposes of organic agriculture is to produce plants
that are free from the toxic effects of chemicals
(Al-Redhaiman, 2004; Al-Redhaiman and Al-
Shenawy, 2005). Attempting to find natural
alternatives to chemical fertilizers is characterized
by the ability to increase nutrients in the soil and
improve its chemical, physical properties, and have
a good impact on the environment, is one of the
most important modern trends to increase the
production of vegetable crops and obtaining a
product free of chemical fertilizer (Al-Sahaf,
1989). The cucumber crop is considered one of the
vegetable crops stressing the soil, which needs a
high percentage of chemical fertilizer, to obtain
good growth and high production (Al-Sahaf,

29

1989). To avoid the damages of chemical fertilizer
and reduce their high cost, which increases the cost
of production, the use of organic and bio fertilizer
is an ideal solution because it is low-cost and a
solution to the problems that result from the use of
industrial chemical fertilizer (Al-Redhaiman and
AL-Shenawy, 2005; Al-Sahaf, 1989). Striving to
increase productivity of the area unit is required to
meet the growing needs of the population through
various types of services, including fertilization
(Gerges, 2006). The doubling of production using
chemical fertilizer was not without compensation,
as many problems emerged, including
environmental damage and its effects on human
health due to the extensive and irrational use of
those chemical fertilizers (Bayoumi and Hafiz,
2006). Which called those concerned with
environmental safety to what is known as
sustainable agricultural development, i.e. stay
away from everything that is industrial in plant
nutrition and return to feeding with natural organic
fertilizers as well as the use of natural organic
fertilizers has a much better effect than inorganic
fertilizers for increasing fruit quality (Yousif,
2011; Aly, 2002). EI-Shaikh and Mohamed, (2009)
and El-Shaikh et al., (2018), mentioned some of
the benefits of adding VA-mycorrhiza fungi to the
soil, facilitating the phosphorous component
through the secretion of phosphatase enzyme, the
hyphae of the VA-mycorrhiza fungi absorb
phosphorous by 60 times more than the roots of the
normal plant, as the fungi extend in the soil to
great depths that may reach to 10 meters and act as
absorbers to collect and absorb nutrients and water
from far depths and the roots of plants treated with
VA-mycorrhiza live for long periods, active in the
absorption and in a young state. The benefit of
adding Bacillus bacteria to the soil is secreting the
phytohormones such as indole acetic acid and
cytokinin, which encourage increased growth and
yield. It also secretes organic acids, which lead to a
change in the pH, and facilitate the micro-elements
such as (iron - zinc - manganese - boron - copper).
In addition, facilitating phosphorous from the
major elements through the secretion of the
phosphatase enzyme, which breaks the phosphate
bond fixed to it as a result of the alkalinity of the
soil and transforms it into an easy form for
absorption by the plant (EI-Shaikh and Mohamed,
2009 and El-Shaikh et al., 2018). The benefits of
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adding biochar to sandy lands include improving
soil properties and then increasing productivity in
plants, as well as reducing pollution, carbon
storage, and energy production (Kim et al., 2014
and Li et al., 2021). Moreover, Li et al. (2021)
showed that the effect of adding biochar to sandy
lands led to an increase in the land’s ability to
retain water and resist drought due to the increase
in the specific surface area of biochar.

Therefore, the objective of this study was to
investigate the effect of using chemical, organic
and bio fertilizers on growth, yield and quality of
cucumber crop grown in greenhouse under the arid
conditions of Kingdom of Saudi Arabia.

MATERIAL AND METHODS

The present study was conducted during
the during the period of 2019-2020 at the
Experimental Farm of the College of Agriculture
and Veterinary Medicine, Qassim University, Al-
Qassim region (latitude 26-27 N, longitude 44-45
E, altitude 725 m above sea level), Kingdom of
Saudi Arabia, to investigate the effect of chemical,
organic and bio fertilizers on growth, yield and
quality of cucumber plant. Soil and water samples
were collected prior to planting at 0-20 cm depth
and their properties were given in Table (1).

Five treatments of fertilization were used in this
study: (1) Chemical (inorganic) fertilizers (NPK
13: 13: 13 as a control was added at arate of 2g I’
' It was purchased from SABIC). (2) Organic
fertilizers as processed cow manure was added at a
rate of 2.5%. It was purchased from Al Reef
Factories Company for Organic Fertilizers. (3)
Organic fertilizers + Biochar, (Biochar was added
to the soil before planting at a rate of 30 g pot™ or
plant™). It was obtained from one of the farmers in
the area as a gift. (4) Organic fertilizers + fungi
"VA-mycorrhiza", (VA-mycorrhiza were added 10
days before planting at a rate of 3 g plant™. It was
obtained from Abdul Rahman Al-Hagbani
Agricultural Corporation. (5) Organic fertilizers +
bacteria "Bacillus”, (Bacteria was added 8 days
before planting at a concentration of 4/500 and
after planting at a concentration of 1/1000 every
week (the addition was mixed with water). It was
obtained from Abdul Rahman Al-Hagbani
Agricultural Corporation. Cucumber seeds were
sown under greenhouse in seedling foam trays (84
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eyes) filled with a mixture of Peat moss:
Vermiculite (1:1 v/v), supplemented with 300 g
Ammonium Sulphate (20.5% N), 400 g Calcium
Superphosphate (15% P,0Os), 150 g Potassium
Sulphate (48% K,0), 50 g micronutrient and 50 g
of a fungicide (thiophanate-methyl) for each 50 kg
of the mixture. After one-month seedlings were
transplanted in the conditioned greenhouse on
December, 25, 2020 at 50 cm apart and 1 m width
of ridge. The experimental plot consisted of one
ridge with 15 m long and 1 m width making an
area of 15 m® All missing transplants were
replaced by other ones of the same age, one week
later after transplanting.

The greenhouse was 60 m long and 9 m width
making a total area 540 m?, 50 cm from both sides
of the greenhouses arch near from fiberglass and
30 cm from beginning (entrance) and end (exit or
out) of the greenhouse were left without planting.
So, the total number of plants greenhouse™ were
about 1200 plants (2.22 plants m™). Plots were
arranged in a randomized complete block design,
with four replicates. Each plot has an area of 15 m?
and contains 33.33 plants. The plants were planted
on both sides of the line in pots, each pot had one
plant and the distance between plants on the same
row is 50 cm in the shape of the leg of a crow on
ridge.

Zahran cucumber hybrid was used in this study. Its
seeds were purchased from the Astra Agricultural
Company.

Average day and night temperatures in
greenhouses were 25 °C and 18 °C. These
temperatures are considered optimal for most
common crops grown under greenhouse conditions
according to Johnson (1980) and Maynard and
Hochmuth (2007) who reported that the optimum
temperature for cucumber growth lies between 18-
24 °C.
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Table (1). Physical and Chemical Properties of Soil
and Water used for the Study

Properties - Value
Soil | Water
Physical properties
Sand (%) 94.1 -
Silt (%) 3.6 -
Clay (%) 2.3 -
Texture Sandy -
Chemical properties
'pH 7.84 7.13
°EC (dSm™) 0.508 2.8
*Nutrient (ppm)
Total N 168 -
Available P 0.450 -
Available K 45.0 40.0

“Dissolved lons (meq I'")
1- Dissolved Anions (meq I'")

CI 1.0 12.0

HCO;™ + CO;” 3.0 3.0
2- Dissolved Cations (meq I™)

Na" 1.3 11.9

Ca™ 3.0 4.0

Mg~ 10 | 30
>Organic Matter (%) | 0.34 -

pH was measured in the soil aqueous extract
(soil: water) at a ratio of (1: 2.5) using a pH
meter type (Jenway, model 3310) according to
what was mentioned in the method (Black,
1965).

EC (dS m™) was measured in the saturated
soil paste extract was estimated using an EC-
meter type (ELE, model 470) according to the
method recommended in Jackson, 1973).
Total N was determined by Kjeldahal method;
P was extracted using Olsen method; K by 1
N NH,OAc at pH 7.

The dissolved salts (cations + anions) were
measured in the extract of saturated soil paste.
and determined using EDTA solution titration
method for calcium, magnesium, carbonate
and bicarbonate by titration with hydrochloric
acid, and chloride by titration with silver
nitrate, while, sodium was determined using a
Flame photometer according to the method
mentioned by Jackson (1973).

Organic matter (%) was determined in soil by
modified Walkly-Black method according to
Sahrawat, 1982.
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Five plants form each treatment in each
replication were randomly selected and tagged for
records on vegetative growth, fruit yield as well
fruit quality parameters.

1. Vegetative growth traits

the following Vegetative growth traits were
determined:

1-1.Plant height (cm), was measured after 120
days of transplant from the base of the plant to the
terminal growing point of tagged plants using a
meter scale of each plant of the measured
experimental unit.

1-2.Number of leaves plant™, were counted after
120 days of transplant.

1-3.Leaf area (cm?), the leaf area at the fifth fruit
picking (the physiological peak of the plant’s
activity) was calculated by taking 30 discs with a
known area of five leaves from each plant of the
experimental unit, the discs were dried and the rest
of the leaves were separately. Then the leaf area of
the plant was calculated by multiplying the leaf
area of the tablets by the dry weight of the plant
leaves divided by the dry weight of the tablets
according to Dvornic (1974).

1-4.Chlorophyll content in leaf (SPAD Units),
the chlorophyll content in cucumber leaf was
measured by taking three leaves of the plant for
each replicate in each experimental unit using the
SPAD-502 chlorophyll meter (Minolta, Japan).

1-5. Relative growth rate (g g™ day™), it is the
increase in dry weight in certain periods of the
plant's life and its relationship to the initial weight
of the plant, and it is calculated from the following
equation (according to Evans, 1972).

LnW2-LnW1
T2-T1

RGR = (g g™ day™)

Whereas,

Ln: logarithm of the natural base, W2: dry weight
of the plant at the beginning of the period T2, W1.:
dry weight of the plant at the beginning of the
period T1.

1-6. Net assimilation rate (g m? day™), it is the
increase in net products of photosynthesis per unit
area of leaves during the time after subtracting the
losses due to respiration and is calculated from the
following equation according to Sudhakar et al.
(2016).
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W2 -W1

X

T2-T1

Ln LA2 -Ln LA
LA2 - LAl

NAR = (g m?day™)

Whereas,

W?2: Dry weight of the plant at the beginning of the
period T2, W1: dry weight of the plant at the
beginning of the period T1, LA2: leaf area of the
plant at the beginning of the period T2, LA1: leaf
area of the plant at the beginning of the period T2,
Ln: logarithm of the natural base.

1-7. Leaf fresh weight (), the leaf fresh weight at
the fifth fruit picking by taking three leaves from 5
plants from each experimental unit chosen
randomly and then weighed using a Balance
Sensitive scale (Mettler pc 4000) and the results
were recorded.

1-8. Leaf dry weight (g), after weighing three
fresh leaves from 5 plants from each experimental
unit using a Balance Sensitive scale (Mettler pc
4000), and recording their fresh weight. These
leaves were placed in an electric oven at a
temperature of 70°C for 72 hours until the weight
was stable according to, Al-Sahaf, (1989) and their
dry weight was recorded.

2. Fruit yield Characteristics

2-1. Fruit length (cm), the average length of the
fruit was measured using a ruler for a
representative sample (20 fruits) selected randomly
and for three picks (early, middle, and late) for
each experimental unit. The length of the fruit was
calculated by dividing the sum of the lengths of the
fruits by their number.

2-2. Fruit diameter (cm), the average diameter of
the fruit was measured by Vernier for a
representative sample (20 fruits) selected randomly
and for three picks (early, middle, and late) for
each experimental unit. The diameter of the fruit
was calculated for each by dividing the sum of the
diameters by their number.

2-3. Number of fruits plant™, it was calculated by
counting the fruits of the experimental unit
cumulatively from the beginning of the harvest
until the end of the growing season and divided by
the number of plants of the experimental unit.

2-4. Fruit fresh weight (g), the fresh weight of the
fruit was measured by a Balance Sensitive scale
(Mettler Pc 4000) and the fresh fruit weight was
calculated by dividing the weight of the
experimental unit yield (Kg) by the number of
fruits of the experimental unit.
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2-5. Fruit dry weight (g), the dry weight of the
fruit was estimated by taking 10 fruits from each
randomly selected experimental unit, then they
were placed in an electric oven at a temperature of
105 °C for 72 hours until the weight was stable.
2-6. Fruit yield square meter® (kg m?), the
average fruit yield of square meter was measured
by the weight of the cumulative fruit yield of one
square meter plants from the beginning of harvest
to the last harvest and divided by the one square
meter plants.

2-7. Fruit yield experimental unit™® (kg 15 m™),
the average yield of the experimental unit was
calculated by the weight of the cumulative yield of
the plants of the experimental unit from the
beginning of harvest to the last harvest and divided
by the experimental unit plants

2-8. Fruit yield greenhouse™ (ton 540 m), the
average total weight of fruits in the greenhouse
was calculated from the yield of the experimental
unit by weighing the vyield of plants in the
experimental unit and multiplying it by the ratio
between the total greenhouse area 540 m? and the
area of the experimental unit 15 m2.

3- Fruit quality parameters

3-1. Fruit firmness (Lbs. inch™), the firmness of
the fruit was measured by a hardness measuring
device on fruits taken from the fifth fruit picking to
ensure homogeneity (Ali et al., 2012) at a rate of 5
fruits replicate-1.

2-2. Fruit acidity (%), the acidity of the fruit was
measured using a pH meter on fruits taken from
the fifth fruit picking, at a rate of 5 fruits for each
plot

3-2. Total soluble solids (TSS %), it was
measured in the fruit by a Hand Refractometer on
fruits taken from the fifth fruit picking, at a rate of
5 fruits for each plot.

All recorded data were statistically analyzed and
(Tuckey's Test) was used to compare the means at
the level of significance (P < 0.05) using the SAS
statistical analysis program according to Snedecor
and Cochran (1980).
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RESULTS AND DISCUSSION

A. Effect of chemical, organic and bio fertilizers
treatments on some vegetative growth traits in
cucumber plants grown in a conditioned
greenhouse

It is noted from the vegetative growth traits
such as [(Plant length (cm), Number of leaves
plant™, Leaf area (cm®) and Chlorophyll content in
the leaf SPAD)] as shown in Table (1 A, B, C, D)
and Fig. (1 A, B, C, D), and [(Relative growth rate
(g g* day™), Net assimilation rate (g m? day™),
Leaf fresh weight (g) and Leaf dry weight (g)] as
shown in Table (2 A, B, C, D) and Fig. (2 A, B, C,
D) that there are significant differences among the
fertilization treatments in all vegetative growth
traits except Leaf fresh weight (g). Fertilization
treatments (organic + biochar) and (organic +
fungi) gave the highest values for Plant height
(215, 213.3 cm), respectively, while the
fertilization treatment (organic + bacteria) gave the
lowest value (176.1 cm) for this trait (Table 1. A,
Fig.1. A). Fertilization treatments (chemical),
(organic) and (organic + fungi) recorded the
highest values for number of leaves plant™ (19.3,
18.3, 18.3), respectively, while the fertilization
treatment (organic + bacteria) recorded the lowest
value (16.6) for this trait (Table 1. B, Fig.1. B).
Fertilization treatments (chemical) and (organic +
bacteria) gave the highest values for leaf area
(189.4, 172.6 cm?), respectively, while the
fertilization treatment (organic + fungi) gave the
lowest value (151.9 cm?) for this trait (Table 1.C,
Fig.1. C). Fertilization treatment (chemical) gave
the highest values of chlorophyll content in leaf
(33.6 SPAD), while the fertilization treatment
(organic + fungi) gave the lowest values (26.3
SPAD) for this trait (Table 1.D, Fig.l. D).
Fertilization treatment (organic + fungi) recorded
the highest values (0.19 g g™ 'day™, and 0.55 g m™
day™) for relative growth rate and net assimilation
rate, respectively. While the fertilization treatment
(organic) recorded the lowest values (0.10 g g™
day’, 031 g m? day") for these traits,
respectively, (Table 2 A and B, Fig. 2 A and B).
Fertilization treatments (chemical), (organic +
biochar) and (organic) gave the highest values for
leaf dry weight (3.69, 3.16, 3.11 g), respectively.
While the fertilization treatment (organic +
bacteria) and (organic + fungi) gave the lowest
values for this trait (2.81 and 2.84 g), respectively
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(Table 2 D, Fig. 2 D). The results of this study
seem consistent with what was found by Eifediyi
and Remison (2009) who found that increasing the
rates of inorganic fertilizers leads to increased
growth in the cucumber crop. On the other hand,
many researchers such as Mahmoud et al. (2009),
Al-Bayati (2012), Isfahani and Besharati (2012),
Abou-El-Hassan et al. (2014), and Tahir et al.
(2019) studied the effect of adding different types
of organic and bio fertilizers separated or
combined in different crops and found a significant
increment in vegetative growth traits. The reason
for the increase in the traits of vegetative growth
when treated with organic and/or organic with bio
fertilizers may be attributed to increasing soil
fertility and thus increasing the absorption of
nutrients such as nitrogen, phosphorous,
potassium, and others by the plant, which have a
significant role in many vital processes leading to
the division of cells forming meristem tissues and
increase the size of cells. It also contains some
other substances such as hormones, vitamins,
proteins, and some amino acids such as alanine and
glycine. These fertilizers also improve the structure
and porosity of the soil, which leads to a balance
between moisture and aeration in the soil (Genchev
et al.,, 1979; Al-Sahaf, 1989; Al-Nuaimi, 1999).
The increase in relative growth rate and net
assimilation rate in the fertilization treatment
(organic + fungi) may be due to the benefits of
adding VA-mycorrhiza to the soil as mentioned by
El-Shaikh and Mohamed, (2009) and El-Shaikh et
al., (2018).

B.Effect of chemical, organic and bio fertilizers
treatments on some fruit yield characteristics in
cucumber plants grown in a conditioned
greenhouse

Regarding fruit characteristics such as [(Fruit
length (cm), Fruit diameter (cm), Number of fruits
plant™, and Fruit fresh weight (kg)] as shown in
Table (3 A, B, C, D) and Fig. (3 A, B, C, D), and
characteristics [(Fruit dry weight (g), Fruit yield
square meter® (kg m?) Fruit yield experimental
unit™ (kg 15 m®) and Fruit yield greenhouse™ (Ton
540 m?)] as shown in Table (4 A, B, C, D) and
Fig. (4 A, B, C, D) that there are significant
differences among the fertilization treatments in all
fruit yield characteristics except Fruit length (cm)
and Number of fruits plant™ (Table 3 A and C, Fig.
3AandC)
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Table (1) Effect of chemical, organic and bio fertilizers treatments on some vegetative growth traits
[A-Plant height (cm), B-No. of leaves plant™, C-Leaf area (cm?) and D-Chlorophyll
content in leaf (SPAD)] in cucumber plants grown in a conditioned greenhouse.

Fertilization A-Plant height |B- No. of |eE}VGS C- Leaf area | D- Chlorophyll content
Treatments (cm) plant (cm) in leaf (SPAD)
Chemical 204.9% 19.3° 189.4° 33.6°
Organic 184.5™ 18.3% 165.1™ 28.1b°
Organic + Biochar 215° 17.3° 164.5™ 29.3
Organic + Fungi 213.3° 18.3° 151.9° 26.3°
Organic + Bacteria 176.1° 16.6° 172.6™ 27.3b°

Means followed by different letter are significantly different at 5% level of significance

Table (2) Effect of chemical, organic and bio fertilizers treatments on some vegetative growth traits
[A-Relative growth rate (g g* day™), B-Net assimilation rate (g m? day™), C-Leaf fresh
weight (g) and D-Leaf dry weight (g)] in cucumber plants grown in a conditioned

greenhouse.
Fertilization A-Relative growth B-Net assimilation | C-Leaf fresh | D-Leaf dry
Treatments rate (g g* day™) rate (g m*? day™) weight (g) weight (g)
Chemical 0.13" 0.51° 20.1° 3.69°
Organic 0.10° 0.31° 17° 3.11%°
Organic + Biochar 0.12° 0.40° 18.5° 3.16®
Organic + Fungi 0.19° 0.55° 18° 2.84°
Organic + Bacteria 0.16% 0.38° 16.8° 2.81°

Means followed by different letter are significantly different at 5% level of significance

Table (3) Effect of chemical, organic and bio fertilizers treatments on some fruit growth
characteristics [A-Fruit length (cm), B-Fruit diameter (cm), C-No. of fruit plant™ and D-
Fruit fresh weight (Kg)] in cucumber plants grown in a conditioned greenhouse

Fertilization A- Fruit length |B- Fruit diameter | C- No. of fruit D- Fruit fresh

Treatments (cm) (cm) plant™ weight (Kg)
Chemical 19.03° 3.05° 68.94° 6.25°
Organic 18.10° 2.70° 65.97° 4.60°
Organic + Biochar 18.26° 2.84% 65.97° 4.74°
Organic + Fungi 17.10% 2.69° 63.00° 4.41°
Organic + Bacteria 17.76° 2.90% 65.97° 5.59°

Means followed by different letter are significantly different at 5% level of significance

Table (4) Effect of chemical, organic and bio fertilizer treatments on some fruit yield characteristics
[A-Fruit dry weight (g), B-Fruit yield square meter™ (kg m?), C-Fruit yield experimental
unit? (Kg 15m and D-Fruit yield greenhous™ (ton 540m™)] in cucumber plants grown in
a conditioned greenhouse.

Fertilization A- Fruit dry B- Fruit yield R C- Fruit yield N D- Fruit yieI(Eil
Treatments weight () square mgter explerlmental_zunlt greenhousi2
(kg m™) (kg 15 m™) (ton 540m™)
Chemical 21.785° 13.875° 208.13° 7.49°
Organic 15.899" 10.212° 153.18° 5.52°
Organic + Biochar 16.756™ 10.523" 157.84° 5.68"
Organic + Fungi 14.805° 9.790° 146.85° 5.29°
Organic + Bacteria 19.065° 12.410° 186.15° 6.70°

Means followed by different letter are significantly different at 5% level of significance
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Figure (1) Effect of chemical, organic and bio fertilizers treatments on some vegetative growth traits [A- Plant
height (cm), B- No. of leaf plant®, C- Leaf area (cm?) and D- Chlorophyll content in leaves (SPAD)] in
cucumber plants grown in a greenhouse.
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Figure (2) Effect of chemical, organic and bio fertilizers treatments on some vegetative growth traits [A-
Relative growth rate (g g™ day™), B- Net assimilation rate (g m? day™), C- Leaf fresh weight (g) and D- Leaf
dry weight (g)] in cucumber plants grown in a greenhouse.
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Figure (3) Effect of chemical, organic and bio fertilizers treatments on some fruit yield characteristics [A-

Fruit length (cm), B- Fruit diameter (cm), C- No. of fruit plant™ and D- Fruit fresh weight (kg)] in cucumber
plants grown in a Greenhouse.
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Figure (4) Effect of chemical, organic and bio fertilizers treatments on some fruit yield Characteristics [A-
Fruit dry weight (g), B- Fruit yield square meter™ (kg m?), C- Fruit yield experimental unit™ (kg 15m?) and
D- Fruit yield greenhouse™ (ton 540m™)] in cucumber plants grown in a Greenhouse.
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Fertilization treatments (chemical) and

(organic + bacteria) showed the highest values in
all studied characteristics and there was no
significant difference between them. While the
fertilization treatments (organic + fungi) showed
the lowest values in all studied characteristics
(Table 3 B and D, Fig. 3 B and D) and (Table 4 A,
B, Cand D, Fig4 A, B, C and D).

The results of this study seem consistent with what
was found by (Mahmoud et al., 2009; EI-Shabrawy
et al., 2010; Nair and Ngoajio, 2010; Al-Bayati,
2012; Isfahani and Besharati, 2012; Abou-El-
Hassan et al., 2014 and Tahir et al., 2019) who
studied the effect of adding different types of
organic and bio fertilizers separated or combined in
different crops and found a significant increment in
the most fruit yield characteristics. Eifediyi and
Remison (2009), indicated that increasing the rates
of inorganic fertilizers leads to high fruit yield in
the cucumber crop.

The increase in all characteristics related to the
fruit yield in the fertilization treatment (organic +
bacteria) may be due to the multiple benefits of
adding bacteria to the soil as mentioned by El-
Shaikh and Mohamed, (2009) and El-Shaikh et al.,
(2018).
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Figure (5) Effect of chemical, organic and bio
fertilizers treatments on some fruit quality
parameters [A- Fruit firmness (Lbs. inch™),
B- Fruit acidity (%) and C-Total soluble
solids (%)] in cucumber plants grown in a
greenhouse.

C. Effect of chemical, organic and biological
fertilizers treatments on some fruit quality
parameters in cucumber plants grown in a
conditioned greenhouse

It is noted from the parameters related to the
quality of the fruit [(Fruit firmness (Lbs. inch™),

Fruit acidity (%) and Total soluble solids (%)], that

there are significant differences among the
fertilization treatments in all studied traits except
total soluble solids (%) (Table 5A, B, C and Fig.
5A, B, C). The fertilization treatments, (chemical),

(organic) and (organic + bacteria) gave the highest

values (7.33, 7.13, 7.06 Ibs. inch'z), (5.49, 5.40,
5.44 %) in the Fruit firmness and Fruit acidity,
respectively. Whereas, the fertilization treatments

(organic + fungi) gave the lowest values (6.40 Lbs.

inch? 537 %) for these two parameters,

respectively, (Table 5A, B and Fig. 5A, B).

Results of this study appear to be in agreement

with (Azarmi et al. (2009); Al-Bayati, 2012; and
Abou-El-Hassan et al., 2014) who studied the
effect of adding different types of organic and bio
fertilizers separated or combined on cucumber crop
and found a significant increase in the fruit quality
parameters. As well as the combination of organic
and inorganic fertilizers can increase fruit quality
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and soil fertility (Mahmoud et al., (2009) and
Singh et al., 2020).

Table (5): Effect of chemical, organic and bio
fertilizer treatments on some Fruit Quality
Characteristics [A-Fruit firmness (Lbs. inch?),
B-Fruit acidity (%) and C-Total soluble solids
(%)] in cucumber plants grown in a conditioned
greenhouse

A- Fruit B- Eruit C- Total
Fertilization firmness acidit soluble
Treatments (Lbs. (%) Y solids
inch?) 0 (%)
Chemical 7.33% 5.49? 3.28
Organic 7.138 5.40% 3.23°
Organic + 6.50 5.30% 3.26°
Biochar
Organic + 6.40° 5.37" 3.33°
Fungi
Organic + 7,06 5447 3.26°
Bacteria

Means followed by different letter are significantly
different at 5% level of significance

CONCLUSIONS AND
RECOMMENDATIONS

From the results of this study, it can be concluded
that: (1) Fertilization treatments organic with bio
fertilizers gave the best results in all studied
characteristics and were not significantly different
from chemical (inorganic) fertilization. (2)
Fertilization treatment (organic + bacteria) was the
best in all fruit yield and quality characteristics. (3)
Fertilization treatment (organic + fungi) was the
best in some vegetative growth traits such as
relative growth rate and net assimilation rate.
Therefore, it is possible to use organic fertilizers
with bio fertilizers as an alternative to inorganic
fertilization, and this will certainly preserve the
environment and human health without negatively
affecting the growth, yield and quality of cucumber
plants.
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