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Effect of Mineral Fertilizers, Biofertilizers and Biochar Application
on Production of Garlic Grown in Sandy Soil Condition
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HE main objective of this study was to produce safe and clean garlic crop.This study was

carried out during 2014/2015 and 2015/2016 seasons at El-Kassasein region, Ismailia,
Egypt, to investigate the effect of mineral NP fertilizers, biofertilizers and biochar on two garlic
cultivars production grown in sandy soil conditions.Sids 40 cultivar recorded the highest neck
and bulbdiameters, dry weight of plant parts, marketable and total yields/feddan, N and total
protein contents in the bulbs. Fertilization of garlic with 75% NP + 3kg Nitrobein (Nr) + 2kg
Phosphorein (Pr) + 3m?biochar/fed.increased all plant growth characters and yields of grades
1 and 2, marketable, exportable and total/fed., while, with 50% NP + 3m? biochar/fed.gave
the lowest bulb nitrate content. Fertilizing the two cultivars with 75% NP + 3kg Nr + 2kg Pr
+ 3m? biochar/fed.increased dry weights of plant parts, as well as yields and its components.
Fertilizing Balady plants with 100 or 75% NP + 3kg Nr+ 2kg Pr + 3m? biochar/fed. gave the
highest net returns, followed by Sids 40 with 100% NP + 3kg Nr + 2kg Pr/fed., or with 100%
NP + 3kg Nr + 2kg Pr + 3m? biochar/fed. It could be concluded that fertilization of garlic plants
with 100 or 75% NP + 3kg Nr + 2kg Pr+ 3m?®biochar/fed. can improve plant growth, yields and
its components with a good bulb quality. Treated garlic plants with biochar positively enhanced
plant growth, productivity, and bulb quality. Using previous treatments could reduce the costs,
increase net return of garlic production and keep the environment out of pollution.

Keywords: Allium sativum, Mineral NP, Plant growth, Yield, Bulb quality, Chemical

composition, Feasibility study.

Introduction

Garlic (Allium sativum, L.) is one of the oldest
and very important vegetable crops in Egypt,
due to its wide local consumption, exportation
and for medicinal uses. Garlic genotype is the
most important factor, which influences the
growth, productivity and quality of garlic plants,
especially that grown under sandy soil conditions.
In this respect, Mohamed (2004) found that Sids
40 cultivar had higher values of vegetative growth
and bulb characters, as well as, total yield, than
Balady cultivar. Also, Osman (2015) indicated that
Sids 40 cultivar produced markedly higher values
of leaf number, bulb diameter, bulbing ratio and
dry weight of bulb, leaves and plant, as well as,
cured yield, bulb weight, also, carbohydrates, N
and protein contents of bulbs than Balady cultivar.
On the other hand, Balady cultivar scored higher
values of plant length. Likewise, Hassan (2002),
Mohamed (2004), Al-Otayk et al. (2008) and

Abou El-Magd et al. (2014) mentioned that the
Sids 40 plants gave the higher yield, than Balady
garlic. On the contrary, El-Shabasi (2001) and
Abdel-Razzak and El-Sharkawy (2013) reported
that garlic yield of Balady was significantly higher
than Sids 40.

Nitrogen (N) isessential for synthesisofchlorophyll,
enzymes and proteins. Phosphorus (P) is essential for
root growth and phosphoproteins, phospholipids,
ATP and ADP formation. The use of mineral
(chemical) fertilizers without rationalization
maycause environmental pollution, as well as,
underground watercontamination. For these
reasons, there was a great attention to the usage
of biofertilizers (microbial inoculation) in plant
production in order to reduce the usage of mineral
fertilizers,improve the soil chemical properties,
and to reduce plant, soil and underground
water contamination with different elements.
Biofertilizers, which contain efficient strains
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of nitrogen fixing, and phosphate solubilizing
bacteria could be used instead of chemical
fertilizers. Furthermore, these bacterial cells
increase the availability of nutrients in soil, which
can be easily assimilated by plants (SubbaRao,
1993). Nitrobein is the commercial biofertilizers
that give the same effect of full dose ofmineral
nitrogen application (Tawfik, 2008). Furthermore,
phosphorein partially overcomes the phosphate
fixation problem in calcareous soil (Han and Lee,
2005).

Biochar is an organic amendment produced
by the process called pyrolysis, which is the
burning of plant biomass in a limited oxygen
environment. Researches on field crops
production system have shown promising
results with biochar treatment, but the research
on vegetablesis scarce. Biocharhas beenfound
to reduce fertilizers need, and tomaintain or
improve crop productivity. Moreover, biochar
addition to mineral fertilizers significantly
increased plant growth, compared to mineral
fertilizer alone (Schulz and Glaser, 2012,
Biederman and Harpole, 2013,Crane-Droesh
et al., 2013), and also improve the water
availability and retention properties of both
sandy and clay soils (Jha et al., 2010, Jeffery
et al., 2011 and Sun & Lu, 2014). In addition,
biochar can be used for enhancing soil water
storage which may increase crop productivity.
In this respect, using biochar with tomato
positively enhanced plant height and leaf size
(Graber et al., 2010). Furthermore, addition of
biochar increased the soil moisture contents,
which consequently improved physiology,

yield, and quality of tomato, as compared
with the non biochar applications(Akhtaret al.,
2014). Biochar increased the final biomass, root
biomass, plant height and number of leaves
of lettuce and cabbage plants (Carter et al.,
2013). Biochar improves fertility of the soil,
improvenutrient and water use efficiencies and
also has the potential to mitigate climate change
by sequestering carbon into soils (Hale, 2014).

The objectiveof this study was to determine
the suitable combination of mineral NP,
biofertilizers (Nitrobein and Phosphorein) and
biochar to obtain high yield with good quality of
garlic crop. In additionthe possibility of reducing
the inputs of chemical fertilizers was studied to
produce safe and clean crop of garlic under sandy
soil conditions.

Material and Methods

This study was carried out during the two
successive seasons of 2014/2015 and 2015/2016
at El-Kassasein Horticulture Experimental
Farm, Ismailia Governorate, Egypt, Horticulture
Research Institute, Agricultural Research Center
to investigate the effect of the mineral NP
combination, biofertilizers and biochar on the
production of the two garlic cultivars; Balady and
Sids 40 grown in sandy soil conditions under drip
irrigation system. Random soil samples from the
experimental field location, as well as the used
biochar were analyzed according to the methods
described by Jackson (1970) at the beginning of
the experiment in the two seasons to determine
the physical and chemical properties (Table 1).

TABLE 1. The physical and chemical properties of the experimental soil* and used biochar before planting.

Soil properties Season Biochar properties Season
2014/2015  2015/2016 2014/2015  2015/2016
Physical (%) Chemical
Sand 94.20 93.93 0 C 29.8 32.7
Silt 4.02 422 Total .A’h(Dry N 0.77 0.67
Clay 1.73 1.79 weight) S 0.09 0.07
Organic matter 0.05 0.06 P 18.6 16.9
Field capacity (F.C.) 8.22 8.87 K 305 298
Wilting point (W.P.) 391 4.08 Ca 609 719
Texture class Sandy Sandy Mg 167 189
Chemical " Na 861 792
N 3.32 4.29 mgrke Fe 66.8 75.6
Available (ppm) P 2.98 3.36 Mn 145 166
‘ o 9.12 10.85 Zn 11.9 13.7
Electric conductivity (E.C.) 297 282 Cu 3.8 977
mmhos/cm
pH (1:2.5 suspension) 8.56 8.73 pH (1:2.5 suspension) 10.21 8.98

*Soil samples were taken from 25 c¢m soil surface
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This experiment included 24 treatments, i.e.,
the interaction between 2 garlic cultivars and 12
combinations of mineral NP, biofertilizers and
biochar, as follows:

Garlic cultivars
e Balady(the common cultivar of garlic in Egypt).
e Sids 40 (Chinese).

Mineral NP, biofertilizers and biochar treatments
o 100% NP (120 kg N + 90 kg PO,/
Feddan)fed.),whereas fed._ 4200 m?>_0.42
hectare).
o 100% NP + 3 kg Nitrobein (Nr) + 2 kg
Phosphorein (Pr)/fed.
° 100% NP + 3 m*biochar/fed.
100% NP + 3 kgNr + 2 kg Pr + 3
m3biochar/fed.
75% NP (90 kgN + 67.5 kg PO /fed.).
75% NP + 3 kg Nr + 2 kg Pr/fed.
75% NP + 3 m®biochar/fed.
75% NP+ 3 kg Nr+ 2 kg Pr+ 3 m*biochar/fed.
50% NP (60 kg N + 45 kg PO /fed.).
50% NP + 3 kg Nr + 2 kg Pr/fed.
50% NP + 3 m*biochar/fed.
50% NP + 3 kg Nr + 2 kg Pr + 3 m’
biochar/fed.

These treatments were arranged in a split plot
design with 3 replications. The cultivars were
arranged in the main plots and the combinations
among mineral NP, biofertilizers and biochar
were assigned in the sub plots.Garlic cloves of
the 2 cultivars were selected for uniformity in the
shape and size. Biofertilizers were mixed with wet
cloves by adding Arabic Gum solutions before
cloves planting. The treated cloves were directly
planted in the same day. The used biofertilizers
were Nitrobein contains Azotobacter sp., as
a nitrogen fixing bacteria; while Phosphorein
contains Bacillus megatherium, as a phosphate
dissolving bacteria. TheNitrobein and
Phosphorein were obtained from the General
Organization for Agriculture Equalization Fund
(GOAEF), Ministry of Agriculture, Egypt. All
amount of biochar (3 m’/fed.)was added during
the soil preparation in the center of row and
covered by sand.

The experimental unit area was 12.6 m? which
contained 3 dripper lines (30 cm distance between
drippers) with 7 m length and 60 cm between
rows. One dripper line was used for the samples
to measure vegetative growth and the other two
dripper lines were used for yield determination.

The cloves were planted on both sides of the dripper
line at distance of 7.5 cm apart. The cloves were
planted on 15 and 20 September 0f 2014/2015 and
2015/2016 seasons, respectively. Sourcesof Nand
P were ammonium sulfate (20.6% N) and calcium
super phosphate (15.5% P,O,), respectively.
One third of these mineral fertilizers was added
with all amount of both farmyard manure (30
m’/fed.) and biochar (3 m’/fed) during the soil
preparation in the center of rows and covered by
sand. Beginning one month after planting, the rest
of calcium super phosphate fertilizer was divided
into 7 equal amounts, and then added every 15
days intervals as a soil application and covered
by sand, while, the rest amounts of ammonium
sulfate fertilizer were added through the water
irrigation (fertigationsystem) in20 equal dosesat7
days intervals. Other agricultural practices for
commercial garlic production were carried out
as recommended by the Egyptian Ministry of
Agriculture.

Data Recorded
Plant growth measurements

A random sample of sixgarlic plants were
taken from each plot at 135 days after planting
in both seasons and the following data were
recorded:Plant height,number of leaves/plant,
diameter of both neck and bulb (mm),andbulbin
gratio_Neckdiameter/Bulb diameter as described
by (Mann, 1952). Dry weights of roots, leaves,
bulband plant (dry weights of roots + leaves +
bulb).

Yield and its components

At proper maturity stage of garlic bulbs
(200 days after planting), bulbs in every plot
wereharvested and graded into four categories
according to the specification laid down by
the EgyptianMinistry of Economic (1963) for
garlic exportation, as follows:Grade 1: bulbs
with diameter above 5.5 cm, grade 2: bulbs with
diameter between 4.5 - 5.5 cm, grade 3: bulbs with
diameter between 3.5 - 4.4 cm and grade 4: bulbs
with diameter less than 3.5 cm. After that, each
grade was separately weighed in the same day and
the following data were recorded: Exportable yield
_Grade 1 + Grade 2, Marketable yield _ Grade 1 +
Grade 2 + Grade 3, Total Yield_ Grade 1 + Grade 2
+ Grade 3 + Grade4 yields and average bulb fresh
weight.

Bulb chemical composition
Fresh samples of 100 g of bulbs from the
second season were oven dried at 70°C till constant
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weight. The dry matter was finely ground and wet
digested with sulfuric acid and perchloric acid
(3:1). Nitrogen, phosphorus, potassium,nitrate
and total carbohydrate contents were determined
according to the methods described byBremner
and Mulvaney (1982), Olsen and Sommers
(1982), Jackson (1970), Cafado et al. (1975) and
James (1995) respectively. While, total protein
was calculated by multiplying total nitrogen x
6.25.

Feasibility study

The cost of production was analyzed with a
view of find out the most profitable treatments.
All the non-material and material input costs
and interests on running capital were considered
for computing the cost of production. Cost and
return analysis was done in details according to
the procedure of Perkins (1994). Benefit cost ratio
was calculated by the following formula:
Benefit cost ratio=Gross return (Egyptian pounds
(L.E.)/fed)/Total cost of production (L.E.)/fed).

Statistical Analysis

The data of this experiment were subjected to
proper statistical analysis of variance according
to Snedecor and Cocharan (1980) and the means
separations were done using L.S.D. at 0.05 level.

Results and Discussion

Plant growth measurements

Data in Table 2 shows that garlic cv.Balady
gave higher significant values of plant height
in both seasons and leaf number/plant in the
secondseason. On the other hand,Sids 40 cultivar
gave higher significantvalues of both neck
and bulb diametersin the secondseason only.
However, there were no significant differences
between both cultivars with respect to leaf
number/plant and diameters of both neck and
bulb in the firstseason and bulbing ratio in both
seasons. These results might be attributed to
the genetic structure of garlic cultivars (Abdel-
Razzak and El-Sharkawy, 2013). Previous studies
demonstrated that garlic cv. Balady gave higher
values of plant length (Gad El-Hak & Abd El-
Mageed, 2000, El-Shabasi, 2001,Hassan, 2002,
El-Sayed, 2004, Al-Otayk et al., 2008, Hosseny
& Mahmoud, 2008, Dawood, 2011, Abdel-Razzak
& El-Sharkawy, 2013 and Osman, 2015), bulb
diameter (El-Shabasi, 2001) and bulbing ratio (El-
Sayed, 2004) than Sids 40, while Sids 40 recorded
taller plants (Abou El-Magd et al., 2012) higher
number of leaves/plant (Hasan, 2002, El-Sayed,
2004, Dawood, 2011, Abou El-Magd et al., 2012
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and Osman, 2015), and higher values of bulb
diameter (El-Sayed, 2004, Osman, 2015)than
Balady cultivar. On the other hand, there were
nosignificant differences between both cultivars
in leaf number/plants (Hassan et al., 1990 andEI-
Shabasi, 2001) and neck diameter (Osman, 2015).

Concerning the combinations among mineral
NP, biofertilizers and biochar, obtained results
in Table 2 indicate that fertilized garlic plants
with 100% mineral NP (120kg N + 90 kg P,O./
fed) + Nr+ Pr + biochar gave the highest values
of plant height, leaf number/plant and diameter
of both neck and bulb in both seasons, without
significant differences among 100%mineral NP
+Nr + Pr, 75% mineral NP + Nr + Pr and 75%
NP +Nr + Pr +biochar. This result may be due to
the role of the used biofertilizers in the fixing of
atmospheric N and transferring insoluble P in the
soil to soluble form for absorption and up take by
plants (El-Shaikh, 2005 and El-Habbasha et al.,
2007). Furthermore, the increments in plant
growth due to biofertilizersapplication might be
a result of thevital role of bacteria that present
in the applied biofertilizer inproducingsome
hormone substances, i.e. gibberellins, auxins and
cytokinins (Tien et al., 1979, Bouton et al., 1985,
Cacciari et al., 1989 and Noel etal., 1996). These
phytohormones may stimulate the cell elongation
and development and hence plant growth (Paleg,
1985). Moreover, the activity of these bacteria in
the absorption zone of plant roots might improve
soil fertility and consequently plant development
by N-fixation and due to releasing of certain other
nutrients, i.e. Fe, Zn and Mn (Bhande et al., 1997
and Awasthi et al., 1998) through the breakdown
of organic materials in the soil and make these
elements in available forms, as well as the
efficient strains of bacteria that have the ability
to bring insoluble phosphates in soil into soluble
forms (phosphate solubilizing microorganisms)
by secretic organic acids. These acids lower the
pH and bring about the dissolution of bound
forms of phosphate (Sethi & SubbaRao, 1968 and
Gaur & Ostwal, 1972). Microbial inoculants are
carrier based preparations containing beneficial
microorganisms is a viable state intended for
seed or soil application and designed to improve
soil fertility and help plant growth by increasing
the number and biological activity of desired
microorganisms in the root environment. Biochar
addition to mineral fertilizer significantly
increased plant growth, than chemical fertilizer
alone (Schulz & Glaser, 2012, Biederman &
Harpole, 2013 and Crane-Droesh, et al., 2013),
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and also has the potential to significantly improve
the water availability and retention properties of
soils (Jha et al., 2010, Jeffery et al., 2011 and
Sun & Lu, 2014). While, treated tomato plants
by biochar positively enhanced plant height and
leaf size (Graber et al., 2010).

As for the effect of interaction between
cultivars and the combinations among mineral
NP, biofertilizers and biochar, data in Table 2
illustrate that fertilizing garlic plants cv. Balady
with 100% mineral NP + Nr + Pr + biochar
gave the highest values of plant height at 135
days after planting in both seasons without
significant differences among 100% mineral
NP + Nr + Pr, 100% mineral NP +biochar and
75% mineral NP + Nr + Pr + biochar. Fertilized
garlic plants with 100% mineral NP + Nr + Pr
or75% mineral NP + Nr + pr +biochar recorded
maximum values of leaf number/plant for
Balady. Soil adding of100% mineral NP +Nr
+ Prand100 or 75% mineral NP + Nr + Pr +
biocharsignificantly increased diameter of
both neck and bulb for Sids 40. While, these
interaction had no significant differences on
leaf number, bulb diameter and bulbing ratio in
the first season.

Dry weight of plant parts

Obtained results in Table 3 indicate that
Sids 40 recorded higher values of dry weight of
roots, bulb and whole plant, than Balady in both
seasons. There were no significant differences
between the two cultivars with respect to dry
weight of leaves. The increases in totaldry weight
were about 32.4 and 5.10% for Sids 40 over
Balady cultivar in the firstand second seasons,
respectively. Similar results were obtained by
El-Shabasi (2001),Hassan (2002) El-Sayed
(2004), Al-Otayk et al. (2008) and Osman(2015)
who found that Chinese cultivar had higher dry
weight of different plant parts, than Balady.
On the contrary, Osman (1987)stated that dry
weights of vegetative portions, bulb and whole
plant of Balady were significantly higher than
Sids 40.Also, Gad El-Hak and Abd El-Mageed
(2000) showed that Balady cultivar showed
higher values than Sids 40 in garlic plantdry
weight.Besides, Hussein et al. (1995) found that
Balady cultivar was the superior for leaf dry
weight.

As for the effect of the combinations among
mineral NP, biofertilizers and biochar,fertilized
garlic plants with 100 or 75% mineral NP +

Nr + Pr + biochar significantly increased dry
weights of roots, bulb, leaves and whole plant
in both seasons (Table 3). The increases in
plant dry weight were about 15.10 and 40.48%
for fertilizing with 100% mineral NP + Nr + Pr
+ biochar and 12.40 and 32.84% for fertilizing
with 75% mineral NP + Nr + Pr + biochar in
the firstand secondseasons, respectively.From
the foregoing results, it could be concluded
that fertilizing garlic plants grown in sandy soil
with 75% mineral NP + Nr + Pr + biochar was
the best treatments for enhancing height plant,
number of leaves/plant, diameters of both neck
and bulb, and dry weight of roots,leaves, bulb
and whole plant. The effect of combinations
among mineral NP, biofertilizers and biochar
on dry weight of garlic plants might attributeto
the increases in plant growth parameters (Table
2). Biochar induced plant growth stimulation
and this can be attributed thatbiochar addition
caused a shift in microbial populations
towards beneficial plant growth promoting
rhizobacteria or fungi as a result of either
chemical and physical attributes of the biochar
(Elad et al., 2011). Also, Addition of biochar to
soil often results in a significant augmentation
of mycorrhizal fungi plant symbiotic
interactions(Warnock et al., 2007). Biochar
improved dry weight of plant and this can
be attributed to the direct effects via biochar
supplied nutrients (Silber et al., 2010).

Concerning of the effectof the interaction
between cultivars and the combinations among
mineral NP, biofertilizers and biochar, obtained
results in Table 3 illustrate that fertilizing of
both Balady and Sids 40 cultivarwith 100 or 75%
mineral NP + Nr + Pr + biochar significantly
increased dry weight of roots, leaves, bulb and
whole plant. The increases of total dry weight
of whole plant were 18.42 and 44.52% for
fertilizing Balady with 100% mineral NP + Nr
+ Pr +biochar in both seasons, respectively, and
52.22 and 38.87% for fertilizing Sids 40 plants
with 100% mineral NP + Nr + Pr + biochar,
as well as49.24 and 36.78% for fertilizing Sids
40 cultivarwith 75% mineral NP + Nr + Pr +
biochar over the control (Balady with 100%
mineral NP) in the firstand secondseason,
respectively. From the foregoing results, it
could be concluded that fertilizing with 75%
mineral NP + Nr + Pr + biochar increased dry
weight of roots, leaves, bulbs and whole plant
for Balady and Sids 40 cultivars when grown
under sandy soil conditions.
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TABLE 2. Effect of cultivars, the combinations among mineral NP, biofertilizers and biochar and their interactions on some vegetative
growth parameters of garlic plants grown under sandy soil conditions at 135 days after planting during 2014/2015 and

2015/2016 seasons.
Treatments 2014/2015 season 2015/2016 season
Plant Leaf Diameter (mm)  Bulbing  Plant Leaf Diameter Bulbing
height ~ number/ ratio height  number/ (mm) ratio
(em) plant  Neck  Bulb (em)  plant  Neck  Bulb
Cultivars
Balady 84.07 7.08 16.00 50.83 0.317 80.00 772 1489 56.60 0.267
Sids 40 72.46 7.72 18.04 66.40 0.277 69.52 6.95 1822 69.71 0.265
L.S.D. at 0.05 level 6.94 N.S. N.S. N.S. N.S. 4.75 0.59 1.08 141 N.S.
The combinations among mineral NP, biofertilizrs and biochar
100% NP/fed. 81.42 7.50 17.93 60.35 0.305 79.00 7.67 16.95 63.45 0.267
100% NP + 3 kg Nr + 2 kg Pr/fed. 88.50 8.50 18.80 68.30 0.282 86.83 8.67 17.75 73.25 0.243
100% NP + 3 m’biochar/fed. 86.00 7.87 18.25 61.65 0.301 83.50 8.00 17.15 65.20 0.264
100% NP + 3 kg Nr + 2 kg Pr+3 m’ biochar/fed. 93.50 9.17 19.55 71.05 0.281 92.33 9.17 18.25 76.87 0.238
75% NP/fed. 62.17 6.50 14.00 47.30 0.298 58.50 5.67 1525 5330 0.288
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 84.50 7.89 18.40 66.67 0.282 80.17 8.17 17.45 72.50 0.241
75% NP + 3 m’ biochar/fed. 78.50 6.83 17.55 58.35 0.304 75.00 7.50 16.15 60.95 0.266
75% NP + 3 kg Nr + 2 kg Prt+ 3 m* biochar/fed. 89.83 822 19.15 69.00 0.283 88.83 9.00 18.15 74.30 0.245
50% NP/fed. 59.33 6.00 13.30 45.00 0.299 57.34 5.50 1482 4725 0312
50% NP + 3 kg Nr + 2 kg Pr/fed. 75.83 6.83 16.33 55.00 0.301 72.50 6.89 15.85 59.15 0.269
50% NP + 3 m’ biochar/fed. 68.45 6.83 15.00 49.10 0313 62.17 5.67 1550 54.55 0.286
50% NP + 3 kg Nr + 2 kg Pr + 3 m* biochar/fed. 71.17 6.67 16.00 51.65 0317 61.00 6.17 1540  57.10 0.272
L.S.D. at 0.05 level 9.57 1.59 342 8.15 N.S. 6.60 1.20 1.61 3.81 0.034
The interaction between cultivars and combination
among mineral NP, biofertilizers and biochar
Balady 100%NP/fed.  87.17 700 174 5260 0331 8533 800 154 579 0266
100% NP +3 kg Nr +2 kg Pr/fed. 97.33 800 183 6000 0309 9533 9.00 164 665 0247
100% NP + 3 m’* biochar/fed. 9533 733177 5330 0334 9333 833 156 594 0264
g)(;)% NP+ 3 kg Nr +2 kg Pr+3 m*biochar/  103.00 867 193 6330 0310 o co o o0 oo
75% NP/fed. 63.67 6.33 122 41.30 0.296  60.33 6.00 13.5 45.6 0.297
Zg";;;r/l\fgi-# mineral NP + 3 kg Nr + 2 89.67 7.33 177 56.70 0313 8367 867 160 663 0241
75% NP + 3 m’biochar/fed. 85.67 6.67 16.7 50.00 0331 82.67 7.67 14.2 532 0.269
75% NP+ 3 kg Nr +2 kg Pr+ 3 m*biochar/fed. 98.33 833 18.8 61.30 0311 96.67 9.33 16.6 67.3 0.248
50% NP/fed. 62.00 6.00 11.1 40.00 0279 59.33 6.00 127 445 0.287
50% NP + 3 kg Nr + 2 kg Pr/fed. 83.00 633 150 4670 0320 8000  7.00 140 524 0268
50% NP + 3 m* biochar/fed. 66.67 6.66 133 41.50 0324 63.00 6.33 13.7 46.7 0.295
50% NP+ 3 kg Nr +2 kg Pr+ 3 m*biochar/fed. 77.00 6.33 14.5 43.30 0343 59.33 6.67 13.9 485 0.288
Sids40  100% NP/fed. 75.67 8.00 185 68.10 0279 72.67 733 18.5 69.0 0.268
100% NP + 3 kg Nr + 2 kg Pr/fed. 79.67 9.00 193 76.60 0254 7833 833 19.1 80.0 0.239
100% NP + 3 m’ biochar/fed. 76.67 8.40 18.8 70.00 0.268  73.63 7.67 18.7 71.0 0.264
100% NP + 3 kg Nr+ 2 kg Pr+3 m’ biochar/fed. 84.00 9.67 19.8 78.80 0251 83.67 8.67 19.8 82.8 0.240
75% NP/fed. 60.67 6.66 15.8 53.30 0.300  56.67 533 17.0 61.0 0.279
Zg‘ﬁr}}l‘;f mineral NP + 3 kg Nr + 2 79.33 8.44 19.1 76.63 0.250 7667 167 189 787 0241
75% NP + 3 m®biochar/fed. 71.33 7.00 18.4 66.70 0277 67.33 733 18.1 68.7 0.263
Z?(:fh:ii‘;—i} kg Nr + 2 kg Pr+ 3 m’ 81.33 8.11 19.5 76.70 0.255 8100 467 197 813 0243
50% NP/fed. 56.67 6.00 15.5 50.00 0.319 5534 5.00 16.9 50.0 0.338
50% NP + 3 kg Nr + 2 kg Pr/fed. 68.67 7.33 17.6 63.30 0281 65.00 6.67 17.7 65.9 0.290
50% NP + 3 m®biochar/fed. 70.22 7.00 16.7 56.70 0.301  61.33 5.00 17.3 624 0.277
50% NP+ 3 kg Nr + 2 kg Pr+ 3 m*biochar/fed. 65.33 7.00 17.5 60.00 0291 62.67 5.67 16.9 65.7 0.258
L.S.D. at 0.05 level 13.53 N.S. 4.8 N.S. N.S. 9.33 1.70 2.2 54 0.047

N.S.: Not significant, 100% NP: 120 kg N+ 90 kg P,O,, 75% NP: 90 kg N +67.5kg P,O,, 50% NP: 60 Kg N + 45 kg P,0,/fed., Nr: Nitrobein, Pr: Phophorein,
and Feddan (fed.) = 4200 m* = 0.42 hectare.
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TABLE 3. Effect of cultivars, the combinations among mineral NP, biofertilizers and biochar and their interactions on dry weights of garlic
plants grown under sandy soil conditions at 135 days after planting during 2014/2015 and 2015/2016 seasons.

Treatments 2014/2015 season 2015/2016 season
Dry weights (g) Realative Dry weights (g) Realative
total D.W. total
Roots Leaves Bulb Total (%) Roots  Leaves  Bulb  Total D.W. (%)
Cultivars
Balady 1.14 9.32 10.89  21.36 100.00 1.59 8.44 1486 2489 100.00
Sids 40 1.55 9.69 1705 28.28 132.40 1.70 8.54 1592 26.16 105.10
L.S.D. at 0.05 level 0.12 N.S. 241 3.31 - 0.16 N.S. 0.60 0.51 -
The combinations among mineral NP, biofertilizrs and biochar
100% NP/fed. 139 9.79 1438 25.56 100.00 1.71 8.29 1516 25.15 100.00
100% NP + 3 kg Nr + 2 kg Pr/fed. 1.56 10.78 1550  27.84 108.92 2,07 1036 1928 3171 126.08
100% NP + 3 m*biochar/fed. 1.46 9.90 1483 26.19 102.46 1.86 8.81 1594 26.61 105.81
100% NP + 3 kg Nr + 2 kg Pr+3 m® biochar/fed. 1.67 11.50 1625 29.42 115.10 2.54 1206 2073 3533 140.48
75% NP/fed. 0.98 7.50 1205 20.53 80.32 1.66 5.93 1338 2096 83.34
75% NP + mineral NP + 3 kg Nr +2 kg Pr/fed. 1.56 10.50 1517 2723 106.53 1.95 9.69 1707 2871 114.16
75% NP + 3 m®biochar/fed. 1.32 9.50 1377 2459 96.21 137 8.06 1476 2421 96.26
75% NP + 3 kg Nr +2 kg Prt+ 3 m* biochar/fed. 1.62 1111 16.00  28.73 112.40 234 10.78 2030 3341 132.84
50% NP/fed. 1.28 7.60 11.60 2047 80.09 126 5.57 11.66 1848 73.48
50% NP + 3 kg Nr +2 kg Pr/fed. 1.19 9.00 13.00  23.19 90.73 L1l 7.61 1347 2218 88.19
50% NP + 3 m* biochar/fed. 1.02 8.17 1227 2145 83.92 0.84 7.12 1072 18.68 74.27
50% NP + 3 kg Nr +2 kg Pr + 3 m* biochar/fed. 1.14 8.72 1283 22.69 88.77 1.02 7.66 1222 2090 83.10
L.S.D. at 0.05 level 0.45 2.50 2.07 352 - 0.28 1.11 1.76 2.10 -
The interaction between cultivars and combination among
mineral NP, biofertilizers and biochar
Balady  100% NP/fed. 1.17 9.67 1088 21.72 100.00 1.75 818 1500 2493 100.00
100% NP + 3 kg Nr + 2 kg Pr/fed. 1.26 10.88 11.67 2381 109.62 2.05 1022 1895 3122 125.23
100% NP + 3 m’ biochar/fed. 1.20 9.66 1133 22.19 102.16 1.83 873 1563 2619 105.05
100% NP +3 kg Nr+2 kg Pr+3 m’biochar/fed. 1.38 11.67 1267 2572 118.42 2.53 1282 2068  36.03 14452
75% NP/fed. 0.78 6.67 9.77 1722 79.28 1.33 549 1075 17.57 70.48
75% NP+ mineral NP+ 3 kg Nr +2 kg Pr/fed. 1.25 10.67 1133 2359 108.61 1.93 9.19 1633 2745 110.11
75% NP + 3 m* biochar/fed. 112 9.33 10.67 2112 97.24 122 795 1426 2343 93.98
75% NP+ 3 kg Nr + 2 kg Prt+ 3 m* biochar/fed. 1.33 11.33 1233 2499 115.06 224 10.60 1988 3272 131.25
50% NP/fed. 1.63 733 8.86 17.83 82.09 121 530 1133 17.84 71.56
50% NP + 3 kg Nr +2 kg Pr/fed. 0.93 8.67 10.67  20.27 93.32 1.09 749 1331 21.89 87.81
50% NP + 3 m*biochar/fed. 0.80 7.67 9.86 1833 84.39 0.89 717 1133 1817 72.88
50% NP +3 kg Nr+2 kg Pr+ 3 m*biochar/fed. 0.88 8.34 10.33 19.55 90.01 1.00 815 1211 2126 85.28
Sids40  100% NP/fed. 1.60 9.92 1788 29.40 135.36 1.66 839 1532 2537 101.76
100% NP + 3 kg Nr + 2 kg Pr/fed. 1.87 10.67 19.33 31.87 146.53 2.09 1050 19.61 3220 129.16
100% NP + 3 m’ biochar/fed. 1.72 10.13 1833 30.18 138.76 1.89 888 1625  27.02 108.38
100% NP +3 kg Nr+2 kg Pr+3 m’biochar/fed. 1.95 11.33 19.83 33.11 15222 2.55 1129 2078  34.62 138.87
75% NP/fed. 1.18 9.33 1433 23.84 109.61 1.98 636 1601 2435 97.67
75% NP+ mineral NP+ 3 kg Nr +2 kg Pr/fed. 1.87 10.33 18.66  30.86 141.89 1.97 1018 1781 29.96 120.18
75% NP + 3 m*biochar/fed. 1.52 9.67 16,87  28.06 129.01 1.52 817 1529 2498 100.20
75% NP+ 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 191 10.88 19.67 3246 149.24 244 1095 2071 3410 136.78
50% NP/fed. 0.92 7.86 14.33 23.11 106.25 1.30 58 1199 1912 76.69
50% NP + 3 kg Nr +2 kg Pr/fed. 1.45 9.33 15.33 26.11 120.05 112 7721001 2247 90.13
50% NP + 3 m*biochar/fed. 1.23 8.67 1467 2457 112.97 0.79 707 13.63 1919 76.97
50% NP+ 3 kg Nr +2 kg Pr+ 3 m’ biochar/fed. 1.40 911 1533 2584 118.80 104 717 1233 2054 82.39

L.S.D. at 0.05 level 0.63 353 293 N.S. - 0.39 1.57 248 2.97 -
N.S.: Not significant, 100% NP: 120 kg N +90 kg P,0,, 75% NP: 90 kg N + 67.5 kg P,0,, 50% NP: 60 Kg N + 45 kg P,0/fed., Nr: Nitrobein, Pr: Phophorein and
Feddan (fed.) = 4200 m” = 0.42 hectare.
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Yield and its components

Data in Tables 4 and 5 show that there were no
significant differences between Balady and Sids
40 cultivars with respect to yields of grades 1 and
2 and total, marketable and exportable yields in
the first season and yield of grades 3 and 4 in the
second season. Sids 40 cultivar recorded higher
total, marketable and exportable yields in the
second season and average bulb weight in both
seasons, than Balady. Likewise, Hassan (2002),
Mohamed (2004), Al-Otayk et al. (2008), Abou
El-Magd et al. (2014) and Osman(2015)found
that theSids 40 plants gave the highest yield,
compared with Balady garlic. On the contrary,El-
Shabasi (2001) and Abdel-Razzak and El-
Sharkawy (2013) found that garlic yield of Balady
was significantly higher than Sids 40.

Concerning of the effect of the combinations
among mineral NP, biofertilizers and biochar,
obtained results in Tables 4 and 5 indicate that
fertilized garlic plants with 100 or 75% mineral
NP + Nr + Pr + biochar increased yields of grades
1, 2 and 3, and total, marketable and exportable
yields/fed., as well as average bulb weight without
significant differences among some treatments.
The increases in total yield were about 18.72
and 13.58% for fertilizing with 100% mineral
NP + Nr + Pr + biochar and 15.93 and 6.02% for
the fertilizing with 75% mineral NP + Nr + Pr
+biochar over the control in the first and second
seasons, respectively. These results may be due
to the role of biofertilizers i.e., Nitrobeine which
fix atmospheric N and increase the available N to
plant and the role of Phosphoreinon hydrolyzing
the insoluble P into soluble one (SubbaRao, 1993).
These results may be due to the simulative effect
of the growth promoting substances released by
P-solubilizing bacteria on root initiation and
formation, rather than to the effect of soluble
phosphorus. The favorable effect of N and P
chemical fertilizers and biofertilizers on total
yield and its components could be explained
through the great role of these fertilizers in
enhancing plant growth rate, which exert direct
effecton the yield and its components. In addition,
the positive effects of biochar on the productivity
could be attributed to effects of biochar on
improvements of: soil cation exchange capacity
(Cheng et al., 2006), P and S transformations
and turnover (Deluca et al., 2009), soil physical
properties including pH (Yamato et al., 2006),
water and nutrient retention (Chanet al., 2007,
Novak et al., 2009), nutrients supply of plants
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(Silber et al., 2010), neutralization of phytotoxic
compounds in the soil (Wardle et al., 1998),
promotionof mycorrhizal fungi (Warnock et al.,
2007) and alteration of soil microbial populations
and functions (Kolton et al., 2011).

As for the effect of the interaction between
cultivars and the combinations among mineral
NP, biofertilizers and biochar, in general, data in
Tables 4 and 5 indicate thatfertilized garlic plants
with 100 or 75%mineral NP + Nr + Pr + biochar
increased yields of grades 1, 2 and 3, and total,
marketable and exportable yields/fed. for Balady
cultivarin both seasons and for sids 40 in the
firstseason, with no significant differences with
fertilizing with 100% mineral NP + Nr + Pr with
respect to Sids 40 cultivar, whereas fertilizing with
100% mineral NP + Nr + Pr + biochar increased
yields of grades 1, 2 and 3,and total, marketable
and exportable yields/fed.forSids 40 in the
secondseason with no significant differences with
100% mineral NP + Nr + Pr and 100% mineral NP
+ 3 m? biochar/fed. As foraverage bulb weight,
generally, fertilizing Sids 40 with 100 or 75%
mineral NP + Nr + Pr + biocharincreased average
bulb weight without significant differences with
100% mineral NP + Nr + Pr and 100% mineralNP
+ 3 m? biochar/fed.

Bulb chemical composition

There were no significant differences between
Balady and Sids 40 cultivars with respect to
contents of P, K, nitrate and total carbohydrates
in bulbs at the harvest time (Table 6). Sids 40
cultivargave higher values of N and total protein in
bulbs, than Balady. Similar trends were obtained
by Shahien (1987) and Osman(2015) who, found
that that Sids 40 produced markedly higher values
N, protein and total carbohydrate contents in bulb.
Besides, Shahien (1987) found that K content was
higher in Balady than Sids 40, and there was no
difference between both cultivars in P content.
Also, Osman(1987)stated that Balady and Sids
40 plants did not show any significant effectin
carbohydrate and protein contents.

Concerning the effect of the combinations
among mineral NP, biofertilizers and biochar,
data in Table (6) shows that the combinations
among mineral NP, biofertilizers and biochar had
no significant effect on N, P, total protein and
total carbohydrates contents in garlic bulbs at the
harvest time. Fertilizing garlic plants with 100 or
75% mineral NP + Nr + Pr increased K content
in the bulbs without significant differences with
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100% mineral NP + biocharandwith100%mineral
NP + Nr + Pr + biochar. As for nitrate content,
fertilizing with 50% mineral NP and with
50% mineral NP + biochar gave the lowest
values of nitrates content in the bulbs.The
favorable effect of biofertilizer on chemical
constituents ofbulb garlic plants may be
due tothe fact that nonsymbiotic bacteria
have the abilitytosupplytheplantswith N,
certain  micronutrientsand  phytohormones
that could stimulate nutrients absorption and
photosynthesis and thereby increase chemical
contents in different plant tissues (Bashan and
Holguin, 1997). Moreover, Jagnow et al. (1991)
declared that, Azotobacter and Azospirillum
strains produced adequate amounts of indole-
3-acetic acid (IAA) and cytokinins, which
increase the surface area perunit root length
responsible for root hair branching with an
eventual increase in the uptake of nutrients
from the soil.

Theinteractionbetween cultivars and the
combinations among mineral NP, biofertilizers
and biocharhad no significant effect on N, P
and total carbohydrates in the bulbs (Table 6).
As for nitrate content, fertilized Sids 40 plants
with 50% mineral NP and 50% mineralNP
+ biochar gave the lowest values of nitrates
content in garlic bulbs. Fertilized Sids 40 plants
with 100% mineral NP + Nr + Pr, 100% mineral
NP + biochar and 100% mineral NP + Nr + Pr +
biochar gave the highest values of total K and
protein contents in the bulbs.

Feasibility Study

Presented data in Table 7 show that fertilized
garlic plants Balady cultivar with 100% mineral
NP+ Nr + Pr + biochar gave the highest net
returns which were 17165 and 24075 Egyptian
pounds/fed., followed by the fertilizing with
75% mineral NP + Nr + Pr + biochar which
were 15550 and 23414 L.E./fed. in the first and
second seasons, respectively. Whereas, fertilized
Sids 40 cultivar with 100% mineral NP + Nr +
Pr gave the highest values of net return of 14631
and 23026 L.E./fed., followed by fertilizing
with 100% mineral NP + Nr + Pr + biochar
which were 14817 and 22151 L.E./fed.in the
first and second seasons, consecutively. Net
return and benefits ratio for all the interaction
treatments were higher in the secondseason
than in the firstseason, and this may be due to
the price for ton in the secondseason was higher
than price for ton in the first season. Previous

results suggested that the continous increase
in the applied biofertilizers cannot be used as
substitutes for mineral NP fertilizers at all to
meet the needs of plants to mineral nutrients,
but they can be used to a limit extend alongside
the mineral fertilizers to replace or reduce the
application of mineral NP fertilizers to about
25% in order to save the high cost of chemical
fertilizers, as well as to decrease the pollution of
the environment and/or to produce healthy food
for human.

Conclusion

Finally from the previous results, it could
be concluded that fertilization of garlic plants
Sids 40 or Baldy cultivargrown in sandy soil
(El-Kassasein region, Ismailia Governorate,
Egypt) with 100 or 75% mineral NP + 3 kg
Nitrobein + 2 kg Phosphorein + 3 m’biochar/
fed.is efficienttreatment for improving plant
morphological characters, dry weight, yields
of grades 1 and 2, and marketable, exportable
and total yields/fed.witha good bulb quality.
Treated garlic plants by using biochar positively
enhanced plant growth, productivity and yield
quality, compared to fertilization with mineral
or biofertlizers inoculation alone. In general,
using suchprevious treatments could reduce the
costs and increase net return of garlic production
and keeps the environment out of pollution.
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TABLE 4.Effect of cultivars, the combinations among mineral N P, biofertilizers and biochar and their interactions on yield and its
components of garlic plants grown under sandy soil conditions during 2014/2015 season.

Treatments 2014/2015 season
Average Yield and its components (ton/fed.) Relative
bulb Grade Grade Grade Grade Total Marketable  Exportable Total
Weight 1 2 3 4 Yied Yield
4] (%)
Cultivars
Balady 4533 1.580  2.463 1.740 1.445 7.225 5.781 4.040 100.00
Sids 40 60.41 1.606  2.502 1.478 1.694 7.280 5.586 4.107 100.76
L.S.D. at 0.05 level 2.84 N.S. NS. 0192  0.106 N.S. N.S. N.S. -
The combinations among mineral NP, biofertilizrs and biochar
100% NP/fed. 53.98 1717 2518 1.304 1.530 7.067 5.538 4234 100.00
100% NP + 3 kg Nr + 2 kg Pr/fed. 57.11 2410 2963 1.259 1204 7.836 6.632 5373 110.80
100% NP + 3 m’ biochar/fed. 55.48 1.603 2606  1.771 1.550 7.530 5.980 4209 106.55
100% NP + 3 kg Nr + 2 kg Pr+3 m’ biochar/fed. 62.44 2451 2693 2.027 1220 8.390 7.170 5.144 118.72
75% NP/fed. 46.67 0995 2296 1.629  2.077 6.997 4.920 3.291 99.00
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 56.31 1700  2.839  1.131 1357 7.027 5.670 4.539 99.43
75% NP + 3 m’ biochar/fed. 51.98 1615 2754  1.683 1.654 7.706 6.052 4369 109.04
75% NP + 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 58.75 2116 2672 2.097 1.308 8.193 6.885 4.788 115.93
50% NP/fed. 43.00 0800 1976  1.769  2.233 6.778 4.545 2.776 95.91
50% NP + 3 kg Nr + 2 kg Pr/fed. 51.14 1455 2205 1.895 1.754 7.309 5.555 3.660 103.42
50% NP + 3 m*biochar/fed. 47.96 0998 2.345 1.485 1.509 6.339 4.828 3.343 89.69
50% NP + 3 kg Nr + 2 kg Pr + 3 m’ biochar/fed. 49.69 1.237 1.924 1.262 1.441 5.863 4423 3.161 82.96
L.S.D. at 0.05 level 9.23 0217 0261 0349  0.260 0.916 0.467 0.320 -
The interaction between cultivars and combination among
mineral NP, biofertilizers and biochar
Balady  100% NP/fed. 46.43 1852 2472 1.359 1.492 7175 5.683 4324 100.00
100% NP+ 3 kg Nr +2 kg Pr/fed. 48.11 2570 2754 1.092 1.567 7.656 6.416 5324 106.70
100% NP + 3 m® biochar/fed. 47.62 1.880  2.674 1.800 1.358 1712 6.354 4.554 107.48
100% NP + 3 kg Nr + 2 kg Pr+3 m’ biochar/fed. 56.30 2260 2990 @ 2.072 1276 8.598 7322 5.250 119.83
75% NP/fed. 39.19 0940 2271 1.985 1.765 6.961 5.196 3211 97.02
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 4752 1.940  2.688 1.191 1.079 6.898 5.819 4.628 96.14
75% NP + 3 m’ biochar/fed. 4472 1450 2931 1.877 1.431 7.689 6.258 4381 107.16
75% NP+ 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 50.21 1.948 2983 1.987 1.074 7.992 6.918 4931 111.39
50% NP/fed. 37.18 0.750  1.990  2.093 1.885 6.718 4.833 2.740 93.63
50% NP + 3 kg Nr + 2 kg Pr/fed. 43.82 1.160 2073 2.015 1.542 6.790 5.248 3233 94.63
50% NP + 3 m’ biochar/fed. 40.16 0950  2.047  1.886 1.653 6.536 4.883 2.997 91.09
50% NP + 3 kg Nr + 2 kg Pr + 3 m’ biochar/fed. 4275 1.223 1.688 1.526 1.542 5.979 4437 2911 83.33
Sids 40 100% NP/fed. 61.52 1582 2.563 1.248 1.240 6.960 5.393 4.145 97.00
100% NP + 3 kg Nr + 2 kg Pr/fed. 66.10 2250 3172 1.425 1.168 8.015 6.847 5422 111.70
100% NP + 3 m® biochar/fed. 63.34 1325 2539 1.743 1.742 7.348 5.606 3.864 102.41
100% NP + 3 kg Nr + 2 kg Pr+3 m’ biochar/fed. 68.58 2642 2395 1.981 1.164 8.182 7.018 5.037 114.03
75% NP/fed. 54.15 1050 2320 1273 2389 7.032 4.643 3.370 98.00
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 65.10 1460 2.990 1.072 1.634 7.156 5.522 4.450 99.74
75% NP + 3 m’ biochar/fed. 59.23 1780 2.577 1.489 1.876 7722 5.846 4357 107.62
75% NP+ 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 67.29 2284 2361 2207 1.542 8.394 6.852 4.645 116.99
50% NP/fed. 48.81 0.850  1.962 1445 2580 6.837 4257 2812 95.29
50% NP + 3 kg Nr + 2 kg Pr/fed. 58.45 1750 2336 1.775 1.966 7.827 5.861 4.086 109.09
50% NP + 3 m’ biochar/fed. 55.75 1.047  2.643 1.083 1.365 6.138 4773 3.690 85.55
50% NP +3 kg Nr +2 kg Pr+ 3 m’ biochar/fed. 56.64 1250 2160 0.999 1.339 5.748 4.409 3.410 80.11

L.S.D. at 0.05 level 13.05 0.307 0.369 0500 0.368 0.643 0.660 0.452 -
N.S.: Not significant, 100% NP: 120 kg N + 90 kg P,0,, 75% NP: 90 kg N + 67.5 kg P,0,, 50% NP: 60 Kg N + 45 kg P,0/fed., Nr: Nitrobein, Pr: Phophorein
and Feddan (fed.) = 4200 m? = 0.42 hectare.
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TABLE 5.Effect of cultivars, the combinations among mineral N P, biofertilizers and biochar and their interactions on yield and its
components of garlic plants grown under sandy soil conditions during 2015/2016 season.

Treatments 2015/2016season
Average Yield and its components (ton/fed.) Relative
bulb Grade Grade Grade Grade Total Marketable  Exportable Total
Weight 1 2 3 4 Yied Yield
(® (%)
Cultivars
Balady 44.24 1390 1.741 2.034 1.582 6.747 5.165 3.131 100.00
Sids 40 59.68 1549 2123 1.995 1.497 7.136 5.639 3.644 105.76
L.S.D. at 0.05 level 2.18 N.S. N.S. N.S. N.S. 0.18 0.414 0.393
The combinations among mineral NP, biofertilizrs and biochar
100% NP/fed. 53.72 1.535 1953 2.030 1.591 7.108 5518 3.488 100.00
100% NP + 3 kg Nr + 2 kg Pr/fed. 57.71 1720 1960  2.305 1.479 7.630 6.152 3.847 107.34
100% NP + 3 m’ biochar/fed. 54.38 1458 2350  2.163 1.470 7.274 5.804 3.641 102.34
100% NP + 3 kg Nr + 2 kg Pr+3 m? biochar/fed. 61.35 1.887 2198 2.690 1.299 8.073 6.775 4.085 113.58
75% NP/fed. 46.30 1.165 1.574 1.589 1.781 1777 4328 2.739 109.41
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 53.94 1.511 2181 2.155 1325 7172 5.847 3.692 100.90
75% NP + 3 m’ biochar/fed. 50.69 1490 1952 1.990 1.569 7.000 5432 3.442 98.48
75% NP + 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 56.73 1787 2128 2274 1.348 7.536 6.188 3914 106.02
50% NP/fed. 42.18 1170 1430  1.465 1.830 5.895 4.065 2.600 82.93
50% NP + 3 kg Nr + 2 kg Pr/fed. 50.34 1.409 1.871 1.880 1.646 6.805 5.160 3.279 95.73
50% NP + 3 m*biochar/fed. 4775 1218 1.695 1.775 1.594 6.282 4.688 2913 88.38
50% NP + 3 kg Nr + 2 kg Pr + 3 m’ biochar/fed. 48.44 1.289 1.892 1.855 1.545 6.413 4.869 3.014 90.22
L.S.D. at 0.05 level 4.20 0218 0500 0258  0.480 0.381 0.324 0.287 -
The interaction between cultivars and combination among
mineral NP, biofertilizers and biochar
Balady  100% NP/fed. 45.83 1.540  1.681 1.959 1.670 6.850 5.180 3.221 100.00
100% NP+ 3 kg Nr +2 kg Pr/fed. 49.89 1.728 1462 2010 1.617 7.150 5.533 3.523 104.38
100% NP + 3 m® biochar/fed. 46.23 1220 2383 2.013 1.597 6.880 5.283 3.270 100.44
100% NP + 3 kg Nr + 2 kg Pr+3m’ biochar/fed. 54.81 1953 2166  2.670 1.387 8.176 6.789 4.119 119.36
75% NP/fed. 38.89 1050 1360  1.858 1.682 5.950 4268 2410 86.86
75% NP + mineral NP +3 kg Nr + 2 kg Pr/fed. 43.23 1321 2.052 1.767 1.270 6.410 5.140 3373 93.58
75% NP + 3 m’ biochar/fed. 4327 1520 1.728 1.990 1.512 6.750 5.238 3.248 98.54
75% NP+ 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 47.12 1.843 2150 2433 1.534 7.960 6.426 3.993 116.20
50% NP/fed. 36.94 0990 1260  1.730 1.770 5.750 3.980 2250 83.94
50% NP + 3 kg Nr + 2 kg Pr/fed. 42.80 1.267 1.691 1.880 1.662 6.500 4.838 2958 94.89
50% NP + 3 m’ biochar/fed. 40.56 1.100 1510 2.050 1.563 6.223 4.660 2,610 90.85
50% NP +3 kg Nr +2 kg Pr + 3 m’ biochar/fed. 41.28 1.148 1450 2044 1.718 6.360 4.642 2.598 92.85
Sids 40 100% NP/fed. 61.61 1530 2225  2.100 1.512 7.367 5.855 3.755 107.54
100% NP+ 3 kg Nr +2 kg Pr/fed. 65.52 1.711 2459 2600 1.340 8.110 6.770 4.170 118.39
100% NP + 3 m® biochar/fed. 62.52 1.695 2317 2312 1.343 7.667 6.324 4.012 111.93
100% NP + 3 kg Nr + 2 kg Pr+3 m’ biochar/fed. 67.88 1820 2230 2710 1210 7.970 6.760 4.050 116.35
75% NP/fed. 53.71 1280 1788 1320 1.880 6.268 4388 3.068 91.50
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 64.65 1700 2310 2.544 1.380 7.934 6.554 4.010 115.82
75% NP + 3 m’ biochar/fed. 58.12 1460  2.175 1.990 1.625 7.250 5.625 3.635 105.84
75% NP+ 3 kg Nr + 2 kg Pr+ 3 m* biochar/fed. 66.33 1730 2105 2115 1.624 7.112 5.950 3.835 103.82
50% NP/fed. 4741 1350  1.600 1.200 1.890 6.040 4.150 2.950 88.18
50% NP + 3 kg Nr + 2 kg Pr/fed. 57.88 1550  2.050  1.880 1.630 7.110 5.480 3.600 103.79
50% NP + 3 m’ biochar/fed. 54.94 1.336 1.880  1.500 1.624 6.340 4716 3216 92.55
50% NP +3 kg Nr +2 kg Pr + 3 m’ biochar/fed. 55.59 1430 2333 1.665 1372 6.467 5.095 3.430 94.41

L.S.D. at 0.05 level 5.94 0.308 0.707 0.385 0.679 0.539 0.459 N.S. -
N.S.: Not significant, 100% NP: 120 kg N +90 kg P,O,, 75% NP: 90 kg N + 67.5 kg P,O,, 50% NP: 60 Kg N + 45 kg P,0/fed., Nr:
Nitrobein, Pr: Phophorein and Feddan (fed.) = 4200 m? = 0.42 hectare.
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TABLE 6.Effect of cultivars, the combinations among mineral N P, biofertilizers and biochar and their interactions on the
chemical composition of bulbs at harvest time of garlic plants grown under sandy soil conditions during 2015/2016

season.
Treatments 2015/2016 season
H 0,
N Mineral c;ntent (%) K Nitrate content Total protein carbzﬁ;zlra tes
(mg/kg F.W.) (g/100 g D.W.) (¢/100 g D.W,)
Cultivars
Balady 1.89 0.304 1.65 1165.4 11.80 57.08
Sids 40 2.18 0.302 1.76 11573 13.65 52.01
L.S.D. at 0.05 level 0.29 N.S. N.S. N.S. 2.03 N.S.
The combinations among mineral NP, biofertilizrs and biochar
100% NP/fed. 223 0.318 1.83 1264.0 12.87 52.58
100% NP + 3 kg Nr + 2 kg Pr/fed. 217 0.344 2.00 1146.5 14.63 62.58
100% NP + 3 m® biochar/fed. 223 0.332 1.91 1190.7 1391 60.54
100% NP + 3 kg Nr + 2 kg Pr+3m?* biochar/fed. 238 0.318 2.08 1340.5 14.88 63.60
75% NP/fed. 1.71 0.301 135 1245.2 10.71 48.77
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 2.20 0.321 1.96 1139.5 13.75 62.28
75% NP + 3 m*biochar/fed. 2.08 0.295 1.80 1240.5 13.00 54.17
75% NP + 3 kg Nr + 2 kg Pr+ 3m’ biochar/fed. 2.05 0.338 1.67 1284.6 12.82 54.17
50% NP/fed. 1.62 0.251 127 976.0 10.13 51.27
50% NP + 3 kg Nr + 2 kg Pr/fed. 1.98 0.287 1.65 1093,5 1235 49.27
50% NP + 3 m*biochar/fed. 1.87 0.283 1.42 960.0 11.66 43.88
50% NP + 3 kg Nr + 2 kg Pr + 3 m*biochar/fed. 1.92 0.251 1.51 1055.0 12.00 52.80
L.S.D. at 0.05 level N.S. N.S. 0.21 166.8 N.S N.S
The interaction between cultivars and combination among
mineral NP, biofertilizers and biochar
Balady ~ 100% NP/fed. 1.86 0.318 1.84 1155 11.62 54.78
100% NP + 3 kg Nr +2 kg Pr/fed. 2.12 0.341 2.04 1162 13.25 68.25
100% NP + 3 m’ biochar/fed. 2.05 0.327 1.96 1123 12.81 66.14
100% NP +3 kg Nr + 2 kg Pr+3 m®biochar/fed. 212 0.357 2.05 1370 13.25 68.94
75% NP/fed. 1.56 0.268 122 1215 9.75 50.31
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 2.08 0332 1.98 1153 13.00 67.40
75% NP + 3 m’ biochar/fed. 1.94 0.312 1.80 1261 12.13 53.18
75% NP + 3 kg Nr + 2 kg Pr+ 3 m’ biochar/fed. 1.92 0.342 1.60 1325 12.00 52.87
50% NP/fed. 147 0.246 137 1049 9.19 51.19
50% NP + 3 kg Nr +2 kg Pr/fed. 1.89 0.278 1.56 1061 11.81 52.43
50% NP + 3 m’ biochar/fed. 1.79 0.278 1.28 1010 11.19 44.10
50% NP + 3 kg Nr + 2 kg Pr + 3 m* biochar/fed. 1.86 0.246 132 1100 11.63 55.23
Sids 40 100% NP/fed. 2.59 0.317 1.82 1373 14.12 50.38
100% NP + 3 kg Nr + 2 kg Pr/fed. 2.23 0.346 1.96 1131 16.00 56.91
100% NP + 3 m’* biochar/fed. 2.40 0.337 1.86 1258 15.00 54.94
100% NP + 3 kg Nr + 2 kg Pr+3 m®biochar/fed. 2.64 0278 2.10 131 1650 58.26
75% NP/fed. 1.87 0.333 1.48 1275 11.67 4723
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 232 0.309 1.94 1126 14.50 57.16
75% NP + 3 m’ biochar/fed. 222 0.278 1.80 1220 13.88 55.16
75% NP + 3 kg Nr + 2 kg Pr+ 3 m’ biochar/fed. 218 0.333 1.74 1244 13.63 52.77
50% NP/fed. 1.77 0.256 1.16 903 11.06 51.34
50% NP + 3 kg Nr +2 kg Pr/fed. 2.06 0.295 1.73 1126 12.88 46.10
50% NP + 3 m’ biochar/fed. 1.94 0.287 1.56 910 12.13 43.66
50% NP + 3 kg Nr +2 kg Pr+ 3 m* biochar/fed. 1.98 0.256 170 1010 1238 50.38
L.S.D. at 0.05 level N.S. N.S. 0.30 236 433 N.S.

N.S.: Not significant, 100% NP: 120 kg N + 90 kg P,0,, 75% NP: 90 kg N + 67.5 kg P,0,, 50% NP: 60 Kg N + 45 kg P,0//fed., Nr: Nitrobein, Pr:
Phophorein, and Feddan
(fed.) = 4200 m? = 0.42 hectare.
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TABLE 7. Feasibility study for the effect of the interaction between cultivars and the combinations among mineral NP, biofertilizers
and biochar applications of garlic plants grown under sandy soil conditions during 2014/2015 and 2015/2016 seasons.

Treatments Treatment Total Total  Total yield Price Gross Net Benefit
cost production cost (ton/fed.) (Egyptian  return  return ratio
Cultivars  The combinations among mineral NP, (Egyptian pocuﬂlfitls/fed.) v . (Egyptian
biofertilizers and biochar on) pounds/fed.)
201472015 season
Balady 100% NP/fed. 8142 7500 8314.2 7.175 3000 21525 13211 2.59
100% NP + 3 kg Nr + 2 kg Pr/fed. 814.2 7500 8314.2 7.656 3000 22968 14654 276
100% NP + 3 m biochared. 1054.2 7500 85542 1712 3000 23136 14582 270
100% NP + 3 kg Nr + 2 kg Pr+3m? biochar/fed. 11292 7500 8629.2 8.598 3000 25794 17165 2.99
75% NP/fed. 610.7 7500 81107 6961 3000 20883 12772 257
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 685.7 7500 81857 6.898 3000 20693 12507 2.53
75% NP + 3 m? biochar/fed. 850.7 7500 8350.7 7.689 3000 23067 14716 2.76
75% NP + 3 kg Nr +2 kg Pr+ 3m’ biochar/fed. 925.7 7500 84257 799 3000 23976 15550 285
50% NP/fed. 407.1 7500 7907.1  6.718 3000 20154 12247 255
50% NP+ 3 kg Nr + 2 kg Pr/fed. 4801 7500 79821 6790 3000 20370 12388 255
50% NP + 3 m’ biochar/fed. 647.1 7500 8147.1  6.536 3000 19608 11461 241
50% NP+ 3 kg Nr + 2 kg Pr + 3 m’ biochar/fed. 722.1 7500 8222.1 5979 3000 17937 9715 218
Sids 40 100% NP/fed. 814.2 8600 9414.2 6.960 3000 20880 11466 222
100% NP + 3 kg Nr + 2 kg Pr/fed. 814.2 8600 9414.2 8.015 3000 24045 14631 2.55
100% NP + 3 m? biochat/fed. 10542 8600 96542 7348 3000 22044 12390 229
100% NP + 3 kg Nr + 2 kg Pr+3m? biochar/fed. 11292 8600 9729.2 8.182 3000 24546 14817 252
759 NP/fed. 610.7 8600 92107 7.032 3000 21096 11885 2.29
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 685.7 8600 92857 7156 3000 21468 12182 231
75% NP + 3 m biochat/fed. 850.7 8600 94507 7722 3000 23166 13715 245
75% NP + 3 kg Nr + 2 kg Pr+ 3m® biochar/fed. 925.7 8600 9525.7 8.394 3000 25182 15656 2.64
50% NP/fed. 407.1 8600 9007.1 6837 3000 20511 11504 228
50% NP + 3 kg Nr + 2 kg Pr/fed. 4821 8600 9082.1 7.827 3000 23481 14399 258
50% NP + 3 m* biochat/fed. 647.1 8600 92471 6138 3000 18414 9167 1.9
50% NP + 3 kg Nr + 2 kg Pr + 3 m’ biochar/fed. 722.1 8600 9322.1 5.748 3000 17244 7922 1.85
L.S.D. at 0.05 level - - - 0.643 - 3886 3886 0.45
2015/2016 season
Balady 100% NP/fed. 814.2 7500 8314.2 6.850 4000 27400 19086 329
100% NP + 3 kg Nr + 2 kg Pr/fed. 814.2 7500 8314.2 7.150 4000 28600 20286 3.44
100% NP + 3 m’ biochar/fed. 1054.2 7500 8554.2 6.880 4000 27520 18966 322
100% NP + 3 kg Nr + 2 kg Pr+3m? biochar/fed. 1129.2 7500 8629.2 8.176 4000 32704 24075 3.79
75% NP/fed. 610.7 7500 8110.7 5.950 4000 23800 15689 293
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 685.7 7500 8185.7 6.410 4000 25640 17454 3.13
75% NP + 3 m’* biochar/fed. 850.7 7500 8350.7 6.750 4000 27000 18649 323
75% NP + 3 kg Nr + 2 kg Pr+ 3m®biochar/fed. 925.7 7500 8425.7 7.960 4000 31840 23414 378
50% NP/fed. 407.1 7500 7907.1 5.750 4000 23000 15093 291
50% NP + 3 kg Nr + 2 kg Pr/fed. 482.1 7500 7982.1 6.500 4000 26000 18018 3.26
50% NP + 3 m’ biochar/fed. 647.1 7500 8147.1 6.223 4000 24892 16745 3.06
. 50% NP + 3 kg Nr + 2 kg Pr + 3 m* biochar/fed. 722.1 7500 8222.1 6.360 4000 25440 17218 3.10
Sids 40 100% NP/fed. 814.2 8600 94142 7367 4000 29468 2004 3.3
100% NP + 3 kg Nr + 2 kg Pr/fed. 814.2 8600 9414.2 8.110 4000 32440 23026 344
100% NP + 3 m’ biochar/fed. 1054.2 8600 9654.2 7.667 4000 30668 21014 318
100% NP + 3 kg Nr + 2 kg Pr+3m’ biochar/fed. 11292 8600 97292 7.970 4000 31880 22151 328
75% NP/fed. 610.7 8600 9210.7 6.268 4000 25072 15861 2.72
75% NP + mineral NP + 3 kg Nr + 2 kg Pr/fed. 685.7 8600 9285.7 7.934 4000 31736 22450 342
75% NP + 3 m’ biochar/fed. 850.7 8600 9450.7 7.250 4000 29000 19549 3.07
75% NP+ 3 kg Nr + 2 kg Pr+ 3m’ biochar/fed. 925.7 8600 9525.7 7.112 4000 28448 18922 2.99
50% NP/fed. 407.1 8600 9007.1 6.040 4000 24160 15153 2.68
50% NP +3 kg Nr +2 kg Pr/fed. 482.1 8600 9082.1 7.110 4000 28440 19358 313
50% NP + 3 m’ biochar/fed. 647.1 8600 9247.1 6.340 4000 25360 16113 2.74
50%NP+3kgNr + 2ke Pr+ 3 mibiochar/fed. 7221 8600 93221 6467 4000 25868 16546 277
L.S.D. at 0.05 level - - 0.539 - 2156 2156 0.36
N.S.: Not significant, 100% NP: 120 kg N + 90 kg P,0, 75% NP: 90 kg N + 67.5 kg P,0,, 50% NP: 60 Kg N + 45 kg P,0//fed., Nr: Nitrobein, Pr:

Phophorein, and
Feddan (fed.)= 4200 m* = 0.42 hectare.
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