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Abstract. The excessive use of nitrogen fertilization increases soil acidity, and contaminates the
environment. It also increases heavy metals concentration in the plant with a serious threat to human
health. A wide variety of microorganisms can be used as alternatives to minimize mineral fertilization.
This study was conducted during the 2017 and 2018 seasons on ‘Sewi’ date palm grown under Egyptian
conditions, to evaluate the effect of mineral-, organic-, and bio-fertilization on fruit yield and quality, as
well as to encourage growers to switch to organic- and bio-fertilization. Fertilization was applied in six
treatments; 1) 100% mineral NPK, 2) 100% manure, 3) 100% Azotobacter chroococcum [Az14], Bacillus
megatherium var. phosphaticum [B6], 4) Bacillus circulans [B4]), 5) 50% manure + 100% bio-fertilizer,
and 6) 50% mineral NPK + 100% bio-fertilizer, plus the control (no fertilization). Results indicated that
50% manure + 100% bio-fertilizer and 50% NPK + 100% bio-fertilizer improved yield and fruit quality.
Fertilization with 50% manure + 100% bio-fertilizer led to high values of leaflet area, yield, fruit and
flesh weight, soluble solids content, vitamin C, and total sugars, but the lowest fruit firmness. While 50%
NPK + 100% bio-fertilizer led to the highest values of new leaves, leaf length, fruit length and diameter,
and reducing sugars. Results indicated that non-mineral fertilizers improved yield and fruit quality
compared to the mineral ones, and this was also more acceptable to the consumers.

Keywords: organic fertilizer, SSC, clean agriculture, date palm, fruit quality, Azotobacter chroococcum,
bio-fertilizers, Bacillus circulans

Introduction

Egypt is a subtropical country which lies between 22° and 31° North latitudes and
between 25° and 35° East longitudes. Its climate (comprising a mild and wet winter
from November to April and a hot and dry summer from May to October) is suitable for
the production of many field and horticultural crops (Directorate of Intelligence, 2011).
The west delta and the New Valley are the main production regions of semi-dry date
cultivars which have moderate moisture content (30-45%) and medium sugar
concentrations (45-50%). Typical semi-dry cultivars are ‘Siwi’, ‘Amri’, ‘Agalni’, and
‘Saidy’ that require about 2700-2900 heat units during the growing season (May-
October) with an average daily temperature higher than 80-84°F (27-29 °C). Upper
Egypt and the southern parts of the New Valley are the main production regions of dry
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date cultivars which have low moisture content (15-20%) and high sugar concentrations
(65-70%). Dry date cultivars include ‘Sultani’, ‘Barakawi’, ‘Abrimi’, ‘Sakouti’,
‘Barmatoda’, ‘Melkabi’, ‘Gondeila’, ‘Gargoda’, ‘Digna’, and ‘Shamia’ that require
about 3600-4300 heat units during the growing season (May-October) with an average
daily temperature higher than 104- 113°F (40-45 °C) (Riad, 1993).

Date palm, Phoenix dactylifera L., is one of the most common domestic tree fruits
in the Middle East and North Africa region. Fruit plays a major role in human
nutrition (Harhash and Abdel-Nasser, 2010; Sarrwy et al., 2012). The total crop yield
in Egypt is estimated to be 1590414 tons of fresh, semi-dry and dry dates (FAO,
2019). Recently, chemical pesticides and fertilizers have been extensively used in tree
fruit production (Sarker, 2012), which led to several problems and poor cropping
systems. The excessive application of mineral nitrogen fertilizers has increased soil
acidity, and contaminated groundwater and the surrounding environment. It has also
weakened plant roots making them subjected to several diseases (Ayed, 2002). The
price of nitrogen fertilizers has almost doubled during the last 3-4 years, which
increases the need for cheaper sources of nitrogen (Andrews et al., 2010).
Incorporation of organic matters into soil improved its structure, water retention
(Alvarez and Alvarez, 2000), and infiltration rates (Carter, 2002; Bot and Benites,
2005). Organic fertilization may improve the physical and biological characteristics of
the soil, and may also serve as a source of mineral nutrients (EI-Koumey and Abu—
Agwa, 1993; Wander, 2004). The combination of organic and inorganic sources of
nutrients is essential to maintain good soil characteristics and to increase nutrient use
efficiency (Dev, 2006). The main challenge when converting a conventional farm into
an organic one is to have a sufficient N amount that ensures an acceptable crop yield
(Hue and Silva. 2000; Galantini and Rosell, 2006; Igbal, 2012). Recently,
biofertilization has an important component of integrated nutrient supply to improve
yield and its components through environment-friendly fertilizers (Marozsan et al.,
2005; Franche, et al., 2009). Soil microorganisms promote the supply of important
nutrients and have a crucial role for overall plant productivity (Garg, 2001; Baca and
Elmerich, 2007). Using bio-fertilizers is a better option to reduce agrochemical inputs,
and helps maintain soil fertility and strength (Chang. and Young. 1999). An increasing
number of farmers are switching to organic and bio-fertilizers since they were found
to be gentler on the soil (Cheng and Chung, 2004). Consequently, the value of organic
sources has also increased in an increasingly eco-conscious world (Subba Rao, 1982.).
The species of Azotobacter are known to fix natural atmospheric nitrogen in soil
rhizosphere, thereby contributing towards nitrogen availability for the plants.
Azotobacter chroococcum was isolated and used previously as a bio-fertilizer to
improve the quantity and the quality of mango crop (Ahmad et al., 2004; Malik,
2009). Soil quality has also improved with the addition of the environment-friendly
fertilizers (Young et al., 2003). Bio-fertilizers have also contributed in reducing the
negative effect of global warming (Delima, 2012). Microorganisms including
Azotobacter, as non-symbiotic nitrogen fixers, were isolated from various ecosystems,
and their performance under laboratory and field conditions were tested (Garg, 2001,
Baca and Elmerich, 2007; Franche, et al., 2009; Hidayatullah et al., 2018; Abd El-
Razek et al., 2018). The enhancement and maintenance of soil fertility through
microorganisms is an important goal in sustainable agriculture (Liou and Young,
2002). Hence, several microorganisms can be used as alternatives to chemical
fertilizers to minimize the use of mineral fertilizers (Tsai et al., 2004).
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The aim of the present work was to access the impact of different fertilizers
(minerals, organic, bio-fertilizer, and their combinations) on fruit yield and quality of
Sewi date palm grown under the Egyptian conditions.

Materials and methods
Microbial strains

Non-symbiotic nitrogen-fixing bacteria, Azotobacter chroococcum (Az14),
phosphate dissolving bacteria, Bacillus megatherium var. phosphaticum (B6), and
potassium dissolving bacteria, Bacillus circulans (B4), were obtained from Bacteriology
Lab, Sakha Agricultural Research Station. Pure cultures were maintained on Jensen’s
medium (Jensen, 1951), modified Bunt and Rovira medium (Abdel-Hafez, 1966), and
nutrient agar medium (Atlas, 1997), respectively.

Preparation of inoculum

The sterilized carrier material (peat moss) in sealed bags has aseptically injected with
a suitable amount of broth culture (107-108 CFU ml?). From each inoculum,
3 kg/4200 m? was used after mixed with suitable amount of sandy soil of fine clay soil,
then strew around the plant.

Plant material

This experiment was conducted during 2017 and 2018 seasons on eighteen- 11 years
old ‘Sewi’ date palms, uniform in size and vigor, grown in sandy loam soil at 7x7 m
spacing in a private groove at El-Dakhla Oasis, New Valley Governorate, Egypt.
Laboratory work was conducted at the Horticulture Department, Faculty of Agriculture,
Kafrelsheik University, Egypt. Soil analysis (Table 1) was conducted according to
Wilde et al. (1985).

Table 1. Soil analysis of research field

Parameters Before treatment After treatment
Silt % 5.20 6.00
Clay % 15.30 15.84
Sand % 77.80 72.40
Texture class Sandy loam Sandy loam
pH 8.2 7.76
EC (ds\m) 0.38 0.22
CaCOs3 % 2.1 2.33

Soluble cations (meq\L)
Ca*? 2.0 1.2
Mg*? 0.8 0.8
Na*! 1.0 0.68
K* 0.55 0.18
Soluble anions (meg\L)
ClI* 0.8 0.4
CO3 2 0.0 0.0
HCOs 1 0.8 0.8
SO4 2.75 1.66
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Six fertilization treatments in five replicates (Palm/replicate) were applied as follow;
100% Mineral fertilizer (NPK), 100% Organic fertilizer (manure), 100% Biofertilizer
(Azotobacter chroococcum strain EB2), 50% Organic + 100% Biofertilizer, 50%
Mineral + 100% Biofertilizer, and the control, as shown in Table 2.

Table 2. Treatments

Mineral fertilization Organic . e
No. Treatments N =] K fertilization Blo-ll;ertllllzatlon
(gitreelyear) | (g/treelyear) | (g/treelyear) | (Kg/treelyear) (ml/treelyear)

Ty 100% Mineral 1200 500 2000 0 0

T, 100% Organic 0 0 0 100 0

Ts 100% Bio-fertilizer 0 0 0 0 100

T, |50% Organic + 100% Bio-fertilizer 0 0 0 50 100

Ts | 50% Mineral + 100% Bio-fertilizer 600 250 1000 0 100

Te Control 0 0 0 0 0

Fertilization type and rate of application
Mineral fertilizer

Nitrogen (N) in the form of ammonium sulphate (20.5% N) was added in three
different rates; 400 g x 3 (T1) and 200 g x 3 (Ts) during the last week of February, last
week of April, and last week of May of both seasons. Phosphorus (P) in the form of
super phosphate (25.47% P.Os) was added in one rate; 400 g x1 (T2 and Te) during the
last week of October of both seasons. Potassium (K) in the form of potassium sulphate
(50% K>0) was added in two rates; 500 g x 2 (T2 and Te) during the last week of April
and the last week of May of both seasons.

Organic fertilizer

Manure contained approximately 0.49% N, 0.17% P, and 0.37% K was added one
time in the following rates; 50 kg x1 (T2) and 25 kg x 1 (T4) during the last week of
October of both seasons.

Biofertilizer

Azotobacter chroococcum (Az14), Bacillus megatherium var. phosphaticum (B6),
and Bacillus circulans (B4) bacteria were added in a rate of 70 ml [108 cfu/ml] (T3) at
the same time nitrogen and organic fertilization were applied in both seasons (Table 2).

Control
No fertilization (Ts).

Parameters

Leaflet area (cm?) using leaf area meter (LI-COR LI-3100, Nebraska, USA). Yield
was estimated as bunch weight per treatment.

Fruit physical and chemical characteristics

Samples of 30 dates were randomly picked from each bunch of each treated palm
to determine the physical characteristics of the fruit (weight [g], length [cm], diameter
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[cm], and flesh weight [g]). The same fruit samples were used to estimate soluble
solids content [SSC %] of fruit juice using hand-held refractometer; vitamin C
(A.O0.A.C., 1980); tannins content, determined according to the method of Winton and
Winton (1958); total sugars, determined in methanol extract using phenol sulphoric
acid method and the percentage was calculated on dry weight basis according to
Dubois et al. (1956); and reducing sugars were determined in methanol extract
according to A.O.A.C. (1980).

Statistical analysis

Data were analyzed in one-way ANOVA using SAS program (SAS Institute Inc.,
2000). Mean comparisons were carried out using least significant difference (LSD) test
at P <0.05 (Snedecor and Cochran, 1977).

Results
Leaf length, leaf area and number of new leaves

Results presented in Table 3 showed significant differences between all treatments
and the control. Treatment 5 (Organic 50% + Bio 50%) recorded the highest values of
leaf length and area during both seasons.

Table 3. Effect of different sources of fertilizer on leaf length (m), number of leaflet, leaflet
area (cm?) and number of new leaves of “Sewi” date palm during 2017 and 2018 seasons

Treatments Leave length (m) No- leaflet ‘ Leaflet area (cm?) ‘ No-new leaves

2017 2018 2017 2018 2017 2018 2017 2018

100% Mineral (T1) 4.45h 4.68b 170.49a 178.33a 157.79¢ 173.23b 24.67d 25.33ab

100% Organic (T2) 4.45b 4.73b 166.10a 178.00ab 171.80b 178.59b 21.33d 23.67c

100% Bio-fertilizer (T3) | 4.37b c4.58¢c 171.09a 178.00ab 139.54d 172.25b 24.67b 23.00c

50% Organic + 100%
Bio-fertilizer (T4)

4.40b 4.77b 168.36ab 179.00a 168.73b 176.03b 26.00a 25.67a

50% Mineral + 100%
Bio-fertilizer (T5)

Control (T6) 4.27b 4.44d 158.16¢ 174.44b 154.32c 164.45c 21.00d 22.67c
LDS 5% 0.22 0.094 3.80 3.63 7.17 6.55 111 1.52

4.70a 4.97a 171.54a 181.67a 195.31a 198.87a 22.67c 24.00bc

Means followed by a common letter are not significantly different at the 5% level by LSD

On the other hand, there were significant differences between the control (T6) and all
other treatments or in leaflet area during both 2017 and 2018 seasons. Moreover, there
were significant differences between T5 and all treatments in regards to the number of
new leaves in both seasons. Control treatment recorded the lowest leaf area during 2017
and 2018 seasons.

Yield, fruit and flesh weight, and fruit length and diameter

Control treatment recorded the lowest yield during 2017 and 2018 seasons.
Treatment 4 (50% Org + 100% Bio) recorded the highest yield (139.61 kg/palm) in
comparison to the control and other treatments during the first season (Table 4).
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Table 4. Effect of different sources of fertilizer on total yield (kg/palm), fruit weight (g) and
flesh weight (g), fruit length (cm) and fruit diameter (cm) of “Sewi” date palm during 2017
and 2018 seasons

Yield (kg/palm) Fruit weight Flesh weight Fruit length Fruit diameter
2017 2018 2017 2018 2017 2018 | 2017 2018 2017 2018

Treatments

100% Mineral (T1) 116.17b | 116.53a | 19.47abc | 23.60a | 17.58a |21.03a| 4.45a | 4.50a 2.71a | 2.71ab
100% Organic (T2) 98.07d | 117.89a | 19.57abl | 22.24b | 16.98ab | 20.03b | 4.23bc | 4.27c 2.64a | 2.66bc
100% Bio-fertilizer (T3) | 96.83d |106.03bc | 18.69bc | 22.42b | 16.80ab |20.70ab| 4.36ab | 4.50a 2.70a 2.65¢c

50% Organic + 100%
Bio-fertilizer (T4)

111.96c | 105.46b | 19.82ab | 23.57a | 17.35a |21.10a| 4.21c | 4.27c 2.63a 2.71ab

50% Mineral + 100%

Bio-fertilizer (T5) 139.61a | 117.59a | 20.92a | 23.75a | 17.73a |21.38a| 4.16c 4.36b 2.64a 2.70a

Control 96.33d 52.82¢ 17.74c | 19.56c | 15.49b | 17.49c | 4.14c | 4.13d 2.55b 2.61c

LDS 3.12 2.54 177 0.522 1.53 0.8 0.17 0.03 0.077 0.049

Means followed by a common letter are not significantly different at the 5% level by LSD

All treatments improved fruit weight, flesh weight, and fruit dimensions compared to
the control during 2017 and 2018 seasons. Treatment (4) recorded the highest values of
fruit weight (20.92 and 17.73 g) and flesh weight (23.75 and 21.38 g) during 2017 and
2018 seasons, respectively. Whereas, treatment 2 (100% Min.) recorded the highest fruit
length (4.45 and 4.50 cm) in 2017 and 2018 seasons, respectively.

SSC, vitamin C, tannins, total and reducing sugars

Data in Table 5 showed significant differences between all treatments and the control
in regards to %SSC in both seasons. Control showed the lowest SSC, tannins, and
reducing and total sugars during 2017 and 2018 seasons (Table 5). Treatment 4 (50%
Organic + 100% bio fertilizer) showed the lowest and significant tannins % (0.34%) and
the highest total sugars (37.59%) in 2017 season. Treatment T5 (50%Mineral + 100%
biofert) recorded the highest content of vitamin C (1.95 and 1.96 mg/100 g flesh
weight) and reducing sugars (25.47 and 23.87%) in 2017 and 2018 seasons,
respectively. Control recorded the lowest SSC, reducing sugars and the highest tannins
in both seasons.

Table 5. Effect of different sources of fertilizer on SSC (%), vitamin C (mg/100 g fresh
weight), total and reducing sugars (%) of “Sewi” date palm during 2017 and 2018 seasons

Vitamin C (mg/100:
Treatments SSC (%) fresh wéig?\t) ’
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
100% Mineral (T1) 25.47c | 26.42c | 1.47bc 1.53c 0.36¢ 0.40b |32.81b| 32.72c | 22.98b 20.99¢
100% Organic (T2) 28.53b | 30.29b 1.28d 1.43e 0.35¢ 0.35d |29.71d |36.53ab| 20.57c | 21.90bc
100% Bio-fertilizer (T3) | 26.53c | 27.83c 1.40c 1.51d 0.36¢ 0.38c {29.90d | 31.61c | 19.87c 20.77c

50% Organic + 100% Bio-
fertilizer (T4)

50% Mineral + 100% Bio-
fertilizer (T5)

Control 22.47d | 22.87d | 1.52b 1.51d 0.47a | 0.45a |25.50e|28.56d | 14.97d | 18.77d
LDS 5% 1.63 1.85 0.83 0.015 0.031 | 0.013 13 1.53 1.03 157

Means followed by a common letter are not significantly different at the 5% level by LSD

Tannins (%) |Total sugar (%) |Reducing sugar (%)

29.43b | 29.73c 1.95a 1.97a 0.34c | 0.35d |31.35c|35.71b | 25.47a | 23.87a

31.93a | 33.43a | 1.55b 1.66b 0.36c | 0.34e |35.63a|37.59a | 19.54c | 23.27ab
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Discussion

The effect of bio fertilization could be highly effective if they have been adopted,
and integrated with arming systems (Kennedy, 2004; Banayo et al., 2012; Bhardwarj et
al.,, 2014; Masso et al., 2015). Fertilizers improvement via field experiments is
important to test it before being economically feasible (Delima, 2012; Sutton et al.,
2013). Trees treated with Bio-fertilizer (T3) is the lowest in most testing characters
(leaflet area, yield, bunch, fruit and flesh weight, SSC, and total and reducing sugars)
than those treated with mineral and/or organic treatments (T1 and T2), but all treatments
were better than the control (T6). Palms treated with 50% Organic + 100 Bio-fertilizer
(T4) or 50 Mineral + 100 Bio-fertilizer (T5) were the best compared to all treatments.
These results support the findings of Biswas et al. (2000) and Babalola and Glick (2012)
that bio-fertilizers were able to stimulate plant growth and increase yield and its
components in field experiments. Andrade et al. 1997) and Banayo et al. (2012)
reported that yield numerically higher with inorganic fertilization than that with organic
or bio- fertilization. Being more soluble, nutrients availability with inorganic fertilizers
provides the most N requirement of the plants. On the other hand, bio-fertilizers alone
are not sufficient to increase the yield in comparison to the recommended rate of
inorganic or organic fertilizers. Bio-fertilizers are only supplied half of the N
requirement of the plants. The influence of bio-fertilizers and its combination with
organic (T5) or inorganic fertilizers (T6) gave best results than bio-fertilizer alone (T4).
Results showed that bio-fertilizers alone could not meet the nutrient requirement of date
palms. As cited by Luis and Brown (2003), Banayo et al. (2012) and Sutton et al.
(2013), the inorganic fertilizers provided nutrients readily available to the plants, but
have negative effects on the environment including soil and groundwater, in addition to
other serious threats to human health. They also have direct negative impact on
beneficial soil microorganisms. Combining bio-fertilizer with organic fertilizer is
slowly and gradually releases nutrients to the plant, improving yield and fruit quality
(Mansour, 1998; Banayo et al., 2012). Abdle-Hamid (2002) and Bhardwarj et al. (2014)
reported that bio-fertilizers combined with organic or inorganic fertilizers improved
yield and fruit quality of olives. Same results were reported in ‘Zaghloul’ date palm
(Osman, 2003), ‘Samani’ date palms (Elkhayat and Elnoam, 2013), ‘Washington’ navel
oranges (Mostafa, 2002); ‘Balady’ mandarin (Salama, 2002). Aassy’ olive trees (Abd
El-Razek et al., 2018); apple (Hidayatullah et al., 2018).

Conclusion

It can be concluded that bio-fertilizer (Azotobacter chroococcum [Az14], Bacillus
megatherium var. phosphaticum [B6], and Bacillus circulans [B4]), as a single
inoculation is not sufficient for crop growth. Bio-fertilizer in combination with half of
the recommended organic or inorganic fertilizer is sufficient to supply ‘Sewi’ date palm
with required nutrients to improve fruit yield and quality under the Egyptian conditions.
The activity of this bio-fertilizer in agro ecosystems is neither easily predictable nor
always beneficial.
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