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ABSTRACT

Two field experiments were conducted during the two successive winter seasons of
20122013 and 2013/2014 at Al-Bramoon Experimental Farm, Hort. Res. institute, El
Dakahlia Govemorate to study the effect of Silicate dissolved bacteria (SDB) and
Thiobacillus Bacteria (TB) inoculation with different rates of potassium and sulfur
fertilization on plant growth, yield and chemical constituents of garlic plants cv Sids-
40. The used experimental design was split plot with three replicates. Potassium and
sulfur fertilization represented the main plots at rates of 50, 75 and 100 % from the
recommended dose, and the subplots were assigned to Silicate and Thiobacillus
Bacteria either single or combined inoculation,

Results showed that application of potassium and sulfur(100% rates of K + S)
had significant enhancing effect on garlic plant growth parameters (plant height, bulb
diameter/plant, leaves number/plant, fresh and dry weight/plant and total chlorophy!l
SPAD unit). In addition, yield and yield components(i.e. total yield/fed, fresh
weight/bulb, average clove weight and number of cloves/bulb) significantly increased
by this treatment. Chemical constituents also was significantly increased by
application of this treatment, in addition N%, P%,K% and volatile oils in garlic cloves °
were increased by this treatment in compared with other treatments. On the other
hand, inoculation with SDB + TB significantly increased all above parameters of plant
growth, yield and chemical constituents as compared with other treatments. The
combined treatment of K+S at rates of 100% with SDB and TB inoculation was the
optimum treatment for improving the produced yield (72.27 and 64.22 % increment in
the first and second seasons, respectively comparing to the control treatment).
Therefore, the treatment (100 % K+S) with (SDB + TB) could be recommended for
raising garlic yield and improving bulb quality under similar conditions to this work.

INTRODUCTION

Garlic (Allium sativurp, L.) is one of the oldest cultivated vegetables. Its
medicinal effects has proved from thousands years. The edible part of garlic plant
is the garlic cloves. Garlic contains antibiotics of garlicin and allistatin, number of
enzymes, amino acids and some of trace elements. It is eaten directly or added to
food for its flavor. Also, it is used in preparation of smoked-meat products and in
some medicaments. Nowadays it is valued for its essential oil contents (Maly et al.
1998). Garlic has been generally cultivated for both local congumption and export.
Therefore, increasing garlic yield and |mprovmg bulb quality are essential aims for
both growers and consumers.
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Potassium (K) is one of the major essential macronutrients required for
plant growth and development and commonly applied as fertilizer for
optimizing yield. Potassium could be existed in soil in readily available, slowly
available and fixed or unavailable forms. Potassium dissolved in soi} solution,
and that adsorbed on exchangeable sites is considered readily available for
plant growth. Although K is not a constituent of any organic molecule or plant
structure,it is involved in numerous biochemical and physiological processes
and has pivotal role for enhancing plant growth, yield quantity& quality and
stress tolerance (Cakmak, 2005). Potassium takes part in many essential
processes, such as: enzyme activation, protein synthesis, photosynthesis,
phloem transport, osmo regulation, cation—anion balance, stomatal opening
and light driven nastic movement, (Marschner, 1995). Potassium fertilization
is very indispensable, for horticultural crops particularly to those comprising
underground organs including garlic.

Sulfur (S) is considered as fourth major element for most crops nutrition
(Hitsuda et al.2005). Despite the fact that S is not existed in chlorophyll
formation, it is essential for chlorophyll biosynthesis (Messick and Fan, 1999).
Sulfur is required for the synthesis of sulfur containing amino acids (cystine,
cysteine and methionine), which are essential components of protein. Ali,
(2002) found that application of sulfur increased vegetative growth and total
yield of potatoes. Awad et al. (2002) found that total tuber yield /fed., number
of tubers / plant, tuber average weight and tuber dry weight (%) of potato
were significantly increased with increasing sulfur ievels. They showed also
that N, P and K contents in the foliage and tubers of potato significantly
increased with increasing sulfur levels. EL- Morsy, (2005) showed that the
garlic plants received sulfur element were better than those of the unfertilized
ones. Increasing of applied sulfur leve! from 200 to 400 kg S/fed significantly
increased plant height, number of leaves, plant dry weight and bulbing ratio
as well as total yield and bulb weight and diameter. Moreover, sulfur
application at 400 kg /fed significantly increased TSS %, volatile oils and
concentration of N, P,K and micronutrients ( Fe, Zn and Mn) in cloves and
enhanced the storability. Abou EL- Khair, (2010) indicated that all applied
sulphur quantity had significant enhancing effect on garlic plants growth
( roots, bulb, leaves and total dry weight/plant), plant nutrients uptake and
bulb quality at harvesting time and increased total yield/fed as well as bulb
weight. Beside its nutritional value, S has a significant effect on improving soil
quality parameters. It is well known that S could have an ameliorating effect
on pH value to be suitable for nutrients uptake.

Biofertilizers have been {ised as sources to improve the status of plant
nutrients in sustainable agriculture. The use of plant growth promoting
rhizobacteria , including phosphate solubilizing, potassium .dissolving
bacteria and sulfur oxidizing bacteria (Thiobacillus spp.) as biofertilizers, was
suggested as a sustainable solution to improve plant nutrient and production,
(Vessey, 2003). A- productive and sustainable agricultural system is
fundamental to the well being of a nation and a corner stone of its
development. Silicate bacteria or K — solubilizing bacteria (Bacillus circulans)and
lor (B.mucilaginosus) are generally placed in the ‘spacies and widely used in
biological fertilizers. it has the ability to release some reiatively insoluble mineral
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elements from soil. However, in K" deficient media, B. cerculans can release K AL
** and Si ** from soil mineral. Sheng (2005) documented that, it also has the ability
to solubilizes unavailable form of K minerals, by exerting organic acids, which
either directly dissolve rock K or chalate silicon ions to bring the K into solution.
Bacillus mucilaginosas had strong ability for maximum potassium solubilization and
it colonize and develop very rapidly, when inocuiated into soil. it aiso markedly
improved phosphorus (P) potassium (K) nutritional status in the soil, (Sugumaran
and Janarthanam, 2007). They also showed that the bacteria may produce specific
bacterial acids, alkalines or chelants to enhance the release of elements from
potassium containing minerals. However, (Badr et al., 2006) reported that, residual
soil fertility estimated by K and P concentration, after harvest, underwent
considerable increases due to inoculation of silicate dissolving bacteria. They
recommended the use of silicate dissolving bacteria as an efficiently good bio-
fertilizers to replace chemical fertilizers and reducing cost of crop production.

Thiobacillus spp bacteria are chemolithotrophs and secure their energy by
sulfur oxidation, Tisdale et al(1984). This feature of Thiobacillus bacteria is also
effective on the plants Fe uptake. When there is sufficient population of
Thiobacillus bacteria in soil, they start sulfur oxidation which results in the reduction
of pH, increasing the availability of nutrients to plants roots, Killham (1994). Sabagh
et al.(2014) find out that the presence of Thiobacillus bacteria reduced soil pH and
rate of iron absorbed is increased.

The main object of this work was to study the effect of different rates
with potassium, sulfur fertilization and inoculation with Silicate and
Thiobacillus bacteria on garlic cv. Sids- 40.

MATERIALS AND METHODS

Two field experiments were conducted at Al-Bramoon Experimental Farm,’
Hort. Res. Institute, El-Dakahlia Governorate during the two successive winter
seasons of 2010/2011 and 2011/2012 to study the effect of different rates of
potassium, sulfur fertilization and inoculation with Silicate and Thiobacilli
bacteria on garlic cv. (Sids 40). Randomized samples were collected from the
experimental soil at 0.0 to 30.0 cm depth, before planting to determine the
physical and chemical properties in accordance to the method of Page
(1982). Data of soil analysis is presented in Table (1).

Table (1): Some physical and chemical of the experimental soil surface
layer (at thedepth of 0 — 30 cm) before planting in 2010/11
(S1) and 2011/12 (S2) seasons.

Properties Values Properties Values

S$1 S§2 S$1 S2
Sand (%) 271 269 pH* 7.7 76
Silt (%) 321 322 EC (dSm™ at25°c)* 0.7 0.7
Clay (%) ) 408 409 Total N (%) 0.14 0.16
Texture class Clay-loam|Clay- loam Available P (ppm) 115 117
CaCos 31 35 Exchangeable K (ppm) 294 298
OM (%) 2.1 22
*pH: (1:2.5 soil extract). **EC: soil paste
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A spiit plot design in a randomized complete block with three replicates was
used. The main plots were assigned to four potassium and suifur fertilization
ratesas follows:

1-(0 K;0+0 S).
2-72 kg K;Offed. + 300 kg S/fed. = 100 % from recommended rate.
3-54 kg K,Offed. + 225 kg Sffed. =75 % from recommended rate.
4-36 kg K;Offed. +150 kg S/fed. = 50% from recommended rate.
Potassium treatments were applied in the form of potassium sulfate ( 48 % K0 ),
and S was applied in the form of elemental sulfur .
The subplots were devoted to the four inoculations treatments as follows:

1-Without inoculation.
2-Silicate dissolving bacteria inoculation.
3-Thiobacillus spp inoculation.
4-Siiicate dissolving bacteria + Thiobacillus spp inoculation.

The bacteria strains were kindly obtained from the Biofertilizers Unit, Fac.
Agric., Ain Shams Univ., Cairo, Egypt. The bacteria strains were added after 21
days from planting date.The subplot area was 10.5 m? included 5 ridges (3.5 m
long and 0.6 m width). Each treatment was separated by two guard ridges.Garlic
cloves were planted in on the first week of October in both seasons.The uniform
garlic cloves were soaked in running water for 24 h prior to cuitivation and hand —
planted at 10 cm apart on two sides of each ridge. All the plants were fertilized with
ammonium sulfate (20.6% N)at a rate of 120 kg N /fed, and calcium super
phosphate (15.5 % P,0s) at rate of 75 kg P,0Os /fed. Fertilizers were added in three
equal portions. The first portion of calcium super phosphate was broadcasted
during soil preparation, and the second portion was added with the first portion of N
at 30,60 and 90 days after planting. The other agricultural practices for garlic
commercial production were conducted according to the recommendations of the

Ministry of Agric. in Egypt. The harvest time was in the first week of April in both
seasons.

Data recorded:

1-Growth parameters: a random samples of ten plants were taken from each pilot
after 120 days from planting,cleaned from the dust, and dried at 70 °C till
constant weightto estimate plant height, number of leaves /plant, neck diameter
iplant, bulb diameter /plant, fresh weight /plant, dry weight /plant and bulbing
ratio, It was measured as reported by Mann(1952).

Neck diameter (cm)
Bulbing ratio =

Bulb diameter (cm)
Diameters of both plant neck and bulbs were determined by caliper,
and total chlorophyll (was measured as SPAD units using Minolta SPAD -501
chlorophyll Meter, Minolta Co. Ltd. Japan).
2-Yield and its components : at harvest time , marketable bulbs of each plot
were cured, 15 days after harvest, weighted in kg and converted to record as
total yield (ton/fed). A-random sample (10 bulbs) was taken from each treatment
to determine bulb fresh weight (g), as well as number of cloves/bulb and clove
weight (). ' .
3-Chemical analysis : samples of dried cloves were ground, wet digested as
described by Hesse (1971) and their nitrogen (N), phosphorus (P) and
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potassium (K) contents were determined according to the methods described by
Bremner and Mulvaney (1982), Qlsen and Sommers (1982) and Jackson
(1970), respectively.The volatile oils percent was determined according to
the method of Guenther (1961).

The statistical analysis:all data were analyzed statistically by the
analysis of variance using CoStat software(CoHort Software,Monterey,USA ).
Mean comparisons were conducted using an ANOVA utilizing the least
significant difference (LSD) (P<0.05 )test.

RESULTS AND DISCUSSION

A-Vegetative growth:
1-Effect of potassium and sulfur levels :

Data in Tables 2 and 3 indicate that increasing K+S levels from zero up
to 100 % K + S(72 kg K;Offed +300 kg S/fed ) significantly increased the
growth parameters of garlic plants as expressed as plant height, bulb
diameter/plant, leaves number /plant, fresh weight / plant, dry weight /piant
and total chlorophyll Reading SPAD unit, as compared with control
treatment.

However, this level of K+S significantly decreased bulbing ratio and
neck diameter /plant in both seasons . The highest values of bulbing ratio and
neck diameter /plant were obtained by the rate of 50% K +S in both season.
These results were in agreement with El-Sawy et al. (2000) , El-Sirafy et al.
(2008) , Labib et al. (2012) on potato, Geries et al. (2011) on onion, El-
Morsy(2005), AbouEl-Khair (2010) and Diriba-Shiferaw et al.(2014) on garlic.
2-Effect of biofertilizers ‘

Regarding to bio-fertilizers, data in Tables 2 and 3 show that bjo-
fertilizers apptication increased significantly plant height, bulb diameter/plant,
fresh and dry weight / plant, total chlorophyll Reading SPAD unit in both
seasons and leaves number /plant in the second season only. inoculation of
silicate dissolving bacteria (SDB) with Thiobacillus spp (TB) was most
effective treatment

Meanwhile SDB has a direct effect on plant vegetative growth due to its
ability to produce hormones, especially IAA and GA. Former reports illustrated
that inoculation with Bacillus mucilaginosus increased the groundnut plant dry
matter 125 % and oil content 35.41 % compared than control (Sheng et al.,
2002a; Sugumaran and Janarthanam 2007). Sabagh et al. (2014) found that
inoculation of Thiobacillus spp (TB) with sulfur fertilizer increased the
absorbed macro and micronutrients and increased the vegetative growth of
plant. These results were true in both seasons.

1375




Gouda, A.E. A.l. and A. A. A.Mosa

Table(2):Plant height, neck diametérlplant, bulb diameter/plant and
bulbing ratio of garlic as affected by different rates with
potassium, sulfur fertilization and inoculation with silicate
bacteria and thiobacilli bacteria and their interactions at
2010/2011(S1) and 2011/2012 seasons

Treatments |Plant height (cm) Neck Bulb Bulbing ratio

diameter/plant(cm) | diameter/plant{cm)

s1 | s2 S1 | s2 s1 | s2 s1 [ s2

K+S levels
Control 65.84 | 7027 | 1.22 1.27 3.63 385 | 0.337 | 0.328
50 % (K + S) 7172 | 7477 | 126 1.27 3.72 3.83 | 0.343 | 0336
75 % (K + S) 7593 | 80.73 | 1.15 1.09 | 413 | 427 | 0.280 | 0.253
100 % (K + S) 79.02 | 8429 | 0.89 1.01 453 | 461 | 0195 | 0.218
LSD 0.05 0.77 0.66 0.06 0.15 0.10 0.08 | 0.024 | 0.039
Biofertilizers
Control . 69.57 | 74.80 | 1.24 1.20 3.58 366 | 0.353 | 0.323
SDB 72.02 | 77.46 | 1.06 1.07 408 | 413 | 0.260 | 0.258
TB 7360 | 7450 | 1.07 1.21 3.92 409 | 0274 | 0.297
SDB + TB 7731 | 8331 | 1.15 117 | 4.44 468 | 0267 | 0.257
LSD 005 0.48 0.62 0.08 0.10 0.13 0.14 | 0.023 | 0.026
Interaction
Control | Without| 60.19 | 68.69 | 1.26 1.25 3.07 3.41 | 0.407 | 0.360
0% SDB | 66.00 | 69.39 | 1.04 1.05 3.93 399 | 0260 | 0.263

(K+S) TB | 6473 | 2685 | 1.23 | 129 | 397 | 401 | 0.310 | 0320

SDB+TB| 7242 | 80.16 | 1.33 1.49 3.58 397 | 0.370 | 0.370
50% Without | 68.71 | 71.64 | 1.27 1.33 3.28 329 | 0.390 | 0.397
K+S) sbB | 7203 | 7407 | 126 1.13 3.84 3.92 | 0327 | 0.283
B 7020 | 7247 | 123 1.40 3.57 3.74 | 0.343 | 0.373
SDB+TB| 75.93 | 80.90 | 1.30 1.26 4.19 435 | 0.310 | 0.290
75% Without | 73.41 | 77.49 | 1.33 1.20 3.59 373 | 0.367 | 0.290
(K+S) SDB | 76.29 | 81.36 | 1.01 1.13 4.10 413 | 0.247 | 0.270
B 7494 | 7969 | 1.12 1.12 3.99 420 | 0.277 | 0.267
SDB+TB| 79.07 | 84.39 | 1.13 0.93 4.84 5.01 0.230 | 0.183
100% | Without| 75.99 | 81.39 | 1.09 1.03 437 419 | 0.250 | 0.243
(K+S) SDB | 80.07 | 8500 | 0.93 0.98 4.46 4.47 | 0.207 | 0217
B 7819 | 8299 | 0.71 1.01 4.15 4.41 0.167 | 0.227
SDB+TB| 81.82 | 87.79 | 0.83 1.01 5.14 5.38 | 0.157 | 0.183
LSD 0.05 0.96 1.23 0.16 0.20 0.27 0.28 | 0.047 | 0.051
K=Potassium , S = Sulfur, 100 % (K+S) = 72 kg K,0 +300 kg S , 75 % (K+S) =54 kg K;0
+225kg S, 50 % (K+S) =36 kg K.O +150 kg S
SDB = Silicate Dissolving Bacteria, T B = Thiobacillusspp
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Table(3):Leaves number, fresh weight / plant, dry weight /plant and total
chlorophyll Reading SPAD unit of garlic as affected by different
rates with potassium,sulfur fertilization and inoculation with
silicate bacteria and thiobacilli bacteria and their interactions at
2010/2011 (S1) and 2011/2012 (S2) seasons.

Treatments Leaves Fresh Dry Total chi. SPAD
number weight/plant | weight/plant unit
Iplant (gm) (gm)
S1 ] 82 S1 | s2 S1 | s2 s1 | s2
K+S levels
Control 8.97 | 8.73 | 6241 | 6260 | 10.61 | 10.91 | 99.44 | 99.39

50 % (K + S) 9.25 | 8.88 | 69.56 | 69.65 | 11.59 | 11.89 | 99.86 [ 99.99
75 % (K + S) 9.38 | 917 | 72.35 | 72.03 | 13.07 | 13.17 } 100.17/100.40
100 % (K+8) 9.72 | 9.65 | 75.29 | 75.09 | 14.14 | 14.23 | 100.47]100.71

LSD 0.05 0.17 0.14 0.57 0.47 0.17 0.15 0.06 0.07
Biofertilizers .
Control 9.58 9.03 | 6453 | 64.32 | 9.74 | 10.26 | 99.21 | 99.53
SDB 9.28 9.18 | 70.13 | 70.03 | 12.54 | 12.64 | 99.81 | 99.96
T B. 9.18 8.88 | 69.00 | 69.27 | 12,32 | 12.61 | 100.02| 99.99
SDB+TB 9.27 933 | 75.96 | 75.76 | 14.80 | 14.69 {100.91[101.01
LSD 0.05 0.23 0.23 0.55 0.45 0.20 0.25 0.07 0.08
Interaction
Control |Without| 9.40 8.73 | 59.30 { 60.71 | 8.65 9.54 | 98.82 | 99.06
0% SDB 9.00 8.93 | 60.72 | 59.87 { 10.79 | 10.60 | 99.00 | 99.13

(K+S) TB | 8.60 | 8.27 | 59.85 | 60.42 | 10.93 | 11.10 | 99.94 | 99.49
SDB+TB| 8.87 9.00 { 69.78 | 69.41 | 12.07 | 12.40 [100.00| 99.89
50% Without| 9.47 8.80 | 62.14 | 61.70 | 8.83 9.79 | 99.07 | 99.48
(K+S) SDB 9.13 8.80 [ 71.04 | 7118 ] 11.33 | 12.30 | 99.80 | 99.87
B 9.33 9.00 {69.71 [ 7060 | 11.66 | 11.20 | 99.74 | 99.88
SDB+TB| 9.07 8.93 | 7534 | 7510 | 14.54 | 14.26 [100.82[100.73
75% Without{ 9.60 9.00 | 6563 | 64.79 | 10.04 | 10.32 | 99.27 | 99.66
(K+S) SDB 9.40 9.20 | 72.89 | 7295 | 13.59 | 13.44 | 100.08100.23
B 9.20 9.07 | 72,31 | 72.06 | 12.94 | 13.57 {100.08 | 100.18
SDB+TB| 9.33 940 | 7858 | 78.32 | 15.69 | 15.34 [101.25/101.51
100% {Without| 9.87 9.60 | 71.03 { 70.09 | 11.44 | 11.38 | 99.68 | 99.96
(K+S) SDB 9.60 9.80 | 75.86 | 76.10 | 14.54 | 14.24 |1 100.34100.60
B 9.60 9.20 | 7413 | 73.99 | 13.73 | 14.55 1 100.30100.41
SDB+TB| 9.80 | 10.00 | 80.14 | 80.20 | 16.92 | 16.74 {101.55]|101.89
LSD 0.05 0.45 0.45 1.11 0.90 0.40 0.50 0.14 0.16
K=Potassium , § = Suifur, 100 % (K+S) =72 kg KO +300 kg §, 75 % (K+S) =54 kg KO
+225kg S, 50 % (K+S) =36 kg K:0 +150 kg S
SDB = Silicate Dissolving Bacteria , T B = Thiobacillusspp

3-Effect of interactions

The interaction among potassium, sulfur fertilization and bio fertilizers had
significant effects on.growth parameters in both seasons (Tables 2 and 3).The
highest values of plant height, bulb diameter/plant, leaves number, fresh and dry
weight /plant and total chlorophyll Reading SPAD unit were improved by using
100 % (K + 8) with silicate bacteria+ Thiobacillus, exept of neck diameter and
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bulbing ratio. However, the highest value of neck diameter/ plant was associated
with the treatment of SDB + TB with 0% K+S and the highest value of bulbing
ratio was induced by control treatment in the first season and 50%K+S without
jnoculation treatment in the second season. These results were true in both
seasons. The increment in vegetative growth response to K +S fertilization was
reported by (Marschner, 1995 ). (Sabagh et al. 2014 ) based on the resuits that
sulfur and bacteria Thiobacillus spp application had a significant effect on the soil
pH by oxidation of sulfur produced some of sulfuric acid in soil, hence reduce the
pH in the soil and improved soil chemical properties and increased the availability
of certain plant nutrients macro and micronutrients and enhanced the growth in
garlic plants over control and Elkholy et a/.(2012) found that inoculation of SDB
and application of K fertilizer significantly increased the growth of potato plants .
- B —Yield and its components :

1-Effect of K +S levels :

Data presented in Table 4 show that potassium and sulfur fertilization had
significant increases in total yield, fresh weight / bulb and clove weight in
comparison with control. In contrast, cloves number/bulb was markedly
decreased by potassium and sulfur fertilization addition. These results were true
in both seasons. The highest values of total yield, fresh weight/bulb and clove
weight were observed by application of 100 % (K+S), may be due to the
combined application of K+ S fertilizers while the number of cloves /bulb was
reduced by the addition of 100 % (K+S) and the highest value of number of
cloves/bulb was obtained by the control treatment (0% K+S). These results were
in agreement with El-Sawy et al. (2000) , El-Sirafy et al. (2008) , Labib et al.
(2012) on potato and Geries et al. (2011) on onion, Al-Morsy (2005), Abou El-
Khair (2010) and Dinba-Shiferaw et al.(2014) on garlic
2-Effect of biofertilizers

Concemning the effect of bio-fertilizers treatments on garlic yield and its
components, data recorded in Table 4 indicate that adding silicate dissolving
bacteria SDB and Thiobacillus bacteria TB in combination increased significantly
the total yield, fresh weight / bulb and clove weight characters, and had the
lowest values for cloves number/bulb, as compared with the control treatment in
both seasons. The highest value of cloves number/bulb obtained by TB
inoculation treatment., (Sugumaran and Janarthanam 2007) on ground nut
/Ahmedet al. (2009) on potato and Sabagh et al. (2014 ) on garlic
3-Effect of interaction :

Regarding the interaction effect, there were significant effects on garlic yield
and its components Table 4. The highest values of total yield, fresh weight / bulb
and clove weight were recofded by using 100 % (K + S) of recommended dose
with silicate bacteria+ Thiobacillus in both seasons and this treatment
significantly decreased the cloves number/bulb, The highest value of cloves
number/bulb was obtained by control treatment in the first season and TB
inoculation with 0 %(K+S) in the second season. Ahmed et al.( 2009) indicated
that the interaction within mineral ~ K and bio — K fertilizers caused a significant
effect on the total tubers yield, physical and chemical properties of potatoes.
Sabagh ef-al. (2014) revealed that application of recommended dose of
Thiobacillus bacteria and sulfur enhanced the yield attributes in garlic over
control.
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Table(4):Total yield, fresh weight / bulb, cloves number/bulb and clove

weight of garlic

as

affected by
potassium, sulfur fertilization and
bacteria and thiobacilli

2010/2011 (S1) and 2011/2012 (S2) seasons.

different

rates with
inoculation with silicate
bacteria and their interactions at

Treatments Total yield Fresh weight | Cloves number/| Clove weight
{ t /fed) /bulb (gm) bulb {gm)
S1 | S2 S$1 | S2 s1 ] s2 s1 ] S2
K+S levels
Control 5.749 | 5.798 | 4190 | 4249 | 16.38 | 17.17 | 2.52 2.43

50 % (K + S) 6.471 | 6.439 | 46.22 | 45.99 | 15.35 | 16.02 | 3.03 | 2.86
75 % (K+S) 7.316 | 7.408 | 53.79 | 54.33 | 1485 ] 1522 | 3.53 | 3.50
100 % (K + S) 7.887 | 8.079 | 56.93 | 58.96 | 14.23 | 14.70 | 3.99 | 3.94
LSD 0.05 0.101 ] 0.091 | 014 | 055 | 0.32 | 017 | 0.09 | 0.06

Biofertilizers
Control 6.074 | 6.233 | 44.25 | 44.37 | 1542 | 1622 | 2.85 2.77
SDB 6.886 | 6.934 | 49.19 | 49.70 | 15.28 | 1580 | 3.24 3.14
TB 6.704 | 6.732 | 48.65 | 48.42 | 15,55 | 16.35 | 3.12 2.98
SDB+TB 7.759 | 7.825 | 56.76 | 58.89 | 14.57 | 14.73 | 3.86 3.83
LSD 0.05 0.078 | 0.081 | 0.50 0.39 0.23 0.20 0.06 0.07
Interaction
Control |Without} 4.991 | 5336 | 38.98 | 39.11 | 17.13 | 17.73 | 2.08 2.15
0% SDB | 5.542 | 5.466 | 39.59 | 41.04 | 1560 | 16.73 | 2.54 2.34

(K+S) TB | 5.488 | 5427 | 30.20 | 40.10 | 16.80 | 1830 | 2.33 | 2.14
SDB+T| 6.976 | 6.962 | 49.83 | 49.73 | 16.00 | 16.07 | 3.12 | 3.09
50%  |Without| 5.785 | 5.768 | 41.32 | 4120 | 1520 [ 16.20 | 2.72 | 2.54
(K+S) | SDB | 6.547 | 6.586 | 46.77 | 47.04 | 16.00 | 16.80 | 2.92 | 2.68
TB | 6.352 | 6.273 | 45.37 | 4481 | 16.00 | 16.27 | 2.84 | 2.75
SDB+T| 7.199 | 7.129 [ 51.42 | 50.92 [ 1420 | 14.80 | 3.62 | 3.44
75%  |Without| 6.302 | 6.342 | 4515 | 45.30 | 14.80 | 1553 | 3.05 | 2.92
(K+S) | SDB | 7.534 | 7.609 | 53.82 | 54.35 | 15.27 [ 15.07 | 3.53 | 3.61
TB | 7.164 | 7.234 [ 5417 | 51.67 | 1520 [ 16.00 | 3.37 | 3.23
SDB+T| 8.264 | 8.446 | 62.03 | 66.00 | 14.13 | 14.27 [ 4.18 [ 4.23
100% [Without] 7.217 | 7.485 | 5155 | 53.47 | 1453 | 1540 | 3.55 | 3.47
(K+S) | SDB | 7.920 | 8.075 | 56.57 | 56.35 | 14.27 | 14.60 | 3.97 | 3.95
TB |7.814 | 7.993 | 5584 | 57.09 | 1420 | 15.00 | 3.93 | 3.81
SDB+T| 8.598 | 8.763 | 63.75 | 68.93 | 13.93 | 13.80 | 4.52 | 4.54
LSD 005 | 01570162 ] 1.00 | 079 | 045 | 0.40 | 0.13 | 0.14
K=Potassium , S = Suifur, 100 % (K+S) = 72 kg K,0 +300 kg S, 75 % (K+S) =54 kg K;0
+225kg S, 50 % (K+S) =36 kg K.O +150 kg S
SDB = Silicate Dissolving Bacteria, T B = Thiobacillusspp

Thiobacillus bacteria by oxidation of sulfur produced some of sulfuric
acid and at low buffered properties can considerably reduce pH. With soil
sulfur, sulfur oxidation. and bacteria population will be increased and it
requires more nutrients. to bacteria. Therefore, oxidation of sulfur in the fertile
soil more quickly has done, (Agrifacts, 2003).
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C- Chemical constituents :
1-Effect of K+S levels ©

Data presented in Table 5 revealed that potassium and sulfur fertilization
had significant increases in the concentration of N %, P %, K % and volatile
oils % .The highest values of the concentration of N %, P %, K % and volatile
oils % were obtained by application of treatment (100 % K+ S). These
increases may be due to the combined application of K+ S fertilizers. These
results were in agreement with those of ElI-Sawy et al. (2000) , Labib et
al.(2012) on potato, Geries et al. (2011) on onion, El-Morsy (2005), AbouEl-
Khair (2010) and Diriba-Shiferaw et a/.(2014) on garlic.

Table(5): N %, P %, K% and volatile oils % of garlic as affected by
" different rates with potassium, sulfur fertilization and
inoculation with silicate bacteria and thiobacilli bacteria and

their interactions at 2010/2011 (S1) and 2011/2012 (S2) season

reatments N % P % K % volatile oils %
s1 | S2 s1 ] s2 S1 | s2 S1 [ s2

K+S levels
ontrol 296 | 294 | 0.433 10444 | 197 2.00 | 0.380 | 0.390

50 % (K+ S) 3.03 | 304 | 0509|0502 | 2.14 | 2.20 | 0.435 | 0.455
75 % (K+ §) 318 | 323 | 0549 | 0564 | 2.29 | 2.31 | 0473 | 0.481
100% (K+S8) | 329 | 3.33 |1 0.561 | 0.576 | 2.31 2.33 | 0.496 | 0.501

LSD 0.05 0.04 0.03 | 0.009 { 0.007 | 0.01 0.01 | 0.006 { 0.003
Biofertilizers
Control 2.78 2.81 |1 0.379 | 0.397 | 1.94 2.02 |{ 0.406 | 0.415
SDB 3.20 319 {0491 | 0478 | 2.17 219 | 0435 | 0.438
TB 3.04 3.07 { 0.516 | 0.527 | 2.22 224 | 0.448 | 0.463
SDB+TB 3.44 3.47 | 0667 | 0.685 | 2.38 240 | 0.495 | 0.511
LSD 0.05 0.03 0.02 | 0.008 | 0.006 | 0.01 0.01 | 0.005 j 0.004
) Interaction
Control |Without| 2.61 262 | 0.333 | 0.347 | 1.61 1.70 | 0.354 | 0.372
0% SDB 3.06 2.92 | 0.417 | 0.403 | 1.88 1.90 | 0.383 | 0.387

(K+S) B 2.90 295 [0.433 | 0443 | 2.15 2.17 [ 0.391 | 0.393
SDB+TB| 3.25 3.26 | 0.550 | 0583 | 2.24 2.25 | 0.393 | 0.409
50% Without| 2.71 2.76 1 0.363 | 0.380 | 1.91 2.09 | 0.391 | 0.404
(K+S) SDB 3.06 3.06 | 0.480 10453 | 2.19 2.22 | 0.423 | 0431
B 2.96 295 | 0.507 | 0510 | 2.19 2.20 | 0.432 | 0.458
SOB+TB| 3.39 3.40 [ 0.687 | 0663 | 2.29 2.30 | 0.495 | 0.525
75% Without| 2.82 2.88 [ 07403 0423 | 2.11 2.14 | 0.427 | 07435
(K+S) SDB 3.33 337 | 0.530 | 0.527 | 2.29 230 [ 0.459 | 0.454
B 3.09 3.14 | 0.553 | 0.5670 | 2.27 2.26 | 0.475 | 0.490
SDB+TB| 3.48 3.54 [ 0.710 | 0.737 | 2.49 252 [ 0530 | 0.545
100% |Without] 2.98 298 | 0417 {10437 213 2.15 | 0.453 | 0.449
(K+S) SDB 3.36 3.42 | 0.537 | 0.527 | 2.30 2.32 | 0476 | 0.482
T8 3.21 3.22 | 0570 | 0.583 | 2.28 2.31 |1 0.492 | 0.511
SDB+TB; 3.63 3.68 | 0.720 | 0.757 | 2.50 2.53 | 0.562 | 0.563
LSD 0.05 0.07 |.0.05 | 0.017 | 0.013 | 0.08 0.01 0.009 | 0.008
K=Potassium , S = Suifur, 100 % (K+S) = 72 kg K,0 +300 kg S, 75 % (K+S) =54 kg K,0
+225kg S, 50 % (K+S) =36 kg K,O +150 kg S
SDB = Silicate Dissolving Bacteria , T B = Thiobacillusspp
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2- Effect of biofertilizers :

Data in Table 5 show that the treatment of inoculation with silicate dissolving
bacteriaand and Thiobacillus bacteria significantly gave the highest values of the
concentration of N %, P %, K % and volatile oils %. These results were true in
both seasons. Meanwhile SDB has a direct effect on due to its ability to
produce hormones, especially IAA and GA (Sheng et al, 2002a) ,
(Sugumaran and Janarthanam 2007)and Sabagh et al. (2014) on garlic showed
that inoculation of TB decreased soil pH and increased macro and
micronutrients absorption.
3-Effect of interaction

The interaction between potassium, sulfur fertilization and bio fertilizers
had significant effects on the concentration of chemical constituents
parameters in both seasons. The highest values of the concentration of N %,
P %, K % and volatile oils % Table 5 were obtained by application of
treatment (100% K+S with inoculation with silicate dissolving bacteria and
Thiobacillus bacteria) in both seasons followed by treatment of (75% K+S
with inoculation with silicate dissolving bacteria and Thiobacillus bacteria).
These results were true in both seasons. . Sabagh et al. (2014)on garlic
revealed that application of recommended dose of Thiobacillus bacteria and
sulfur enhanced the concentration of uptake elements in garlic cloves over
control treatment. Elkholy et al. (2012) on potato showed that the highest
potato carbohydrate and protein % content(54.25%) and (18 %) respectively
was recorded with full dose of potassium sulfate plus SDB .

REFERENCES

Abou EL-KHair, E. E. (2010).Effect of sulphur quantity and time of application on
yield, bulb quality and storability of garlic under drip irrigation system in
sandy soil. J. Product. & Dev., 15 (1): 105- 122.

Agrifacts.(2003). Sulfate — VS. Elemental sulfur Part |l : Characterstics of S
oxidation sou. / URL : http/iwww. Back —to- basics.Net/ agrifacts/pdf/b2b2
9b.pdf. And technological properties of garlic ( Alliurnsativum L. ). J. of Food
Engineering 68, 463- 469.

Ahmed, A. A.; M. M. H. Abd El- Baky, Faten S. Abd El- Aal and M. F. Zaki (2009).
Comparative studies of application both mineral and bio-potassium fertilizers
on the growth, yield and quality of potato plant. Res. J. Agric. & Biol. Sci. 5
(6) : 1061- 1069.

Ali,M.N.(2002). Studies on potatoes. M.Sc. Thesis, Fac. of Agric., Mansoura Univ_,
Egypt '

Awad, E. M, EA A Tartoura;, H M. El-Foly and A | Abdel-
Fattah(2002). Response of potato growth, yield and quality to Farmyard
manure, Sulfur and Gypsum levels application. 2 ™ inter. Conf. Hort. Sci.;
10-12 Sept., Kafr El-Sheikh, Tanta Univ., Egypt.

Badr,M. A.;Shafei, A. M. and Sharaf EL-Deen,S. H. (2006).The dissolution of K
and P —bearing minerals by silicate dissolving bacteria and their effect on
sorghum growth.RES. J. Agric.& Biol. Sci., 2 (1), 5- 11.

1381




Gouda, A.E. A. Il. and A. A. A.Mosa

Bremmer, JM. and C. S. Mulvaney (1982).Total nitrogen in : Page, A L., R.H.
Miller and D. R. Keeney(Eds). Methods of soil analysis.Part 2, Amer. Soc.
Agron.Madison, W. |. USA.Pp 535-624.

Cakmak, 1. (2005).The role of potassium in alleviating detrimental effects of abiotic

* stresses in plants. J. Plant Nutr. Soil Sci. 168 : 521- 530.

Diriba- Shiferaw, G. ;Nigussie- Dechassa R. ; Kebede-Woldetsadik ; Getachew —
Tabor and J. J. Sharma (2014).Bulb quality of garlic (Allium sativum L.) as
influenced by the application of inorganic fertilizers. Afr. J. Agric. Res. Vol. 9
(8) :778-790. , '

Elkholy, M. M.; S. A. El-Tohamy and Wafaa A. Hafez (2012).Retionalization of
mineral potassium fertilizer by using biodessclving potassium and its effect
on yield and quality potatos.J.Soil Sci. and Agric. Eng., Mansoura Univ.,
Vol.3(12):1275-1285.

EL-Morsy, A. H. A. (2005).Effect of sulfur levels and foliar application of certain
micronutrients on garlic (Allium sativum L.). The 6"Arabian ConfereceFor
Horticulture, Ismailia, Egypt, 454- 462.

El-Sawy,B.l; E. A. Radwan and N. A. Hassan (2000).Growth and yield of potato as
affected by soil and foliar potassium application. J. Agric. Sci. Mansoura
Univ., 25 (9):5843-5850.

El-Sirafy, Z. M. ;Khadra A. Abbady ; A. M. El-Ghamry and R. A El-Dissoky (2008).
Potato yield quality, quantity and profitability as affected by soil and foliar
potassium application. Res. J. Agric.&Biol. Sci.4 (6) : 912-922.

Geries, L. S. M. ; R. A. Marey and M. G. Morsy (2011).Growth, vield and storability
of onion as influenced by potassium fertilizer application time and urea foliar
spray. J. Plant Production, Mansoura Univ. 2 (8) : 1073- 1090.

Guenther, A. (1961). " The essential Oils " 4™ ed. Vol. ID, Van Nostrand Co.
Inc., New Yourk .

Hesse, P. R. (1971). Atext book of soil chemical analysis. John Murray (Puplish), "

London, Great Britain.

Hitsuda K.; Yamada M. and Klepker D.(2005).Soil and crop Management; Sulfur
requirement of eight crops at early stages of growth. Agronomy J.97,155-
159.

Jackson, M. L. 1970. Soil Chemical Analysis.Prentic Hall, Englewood Ceiffs, N. J.

Killham, K.(1994).Soil Ecology, Cambridge University Press, UK.

Labib,B.F. ;Th. K. Ghabour ;I. S. Rahim and M. M. Wahba (2012). Effect of
potassium bearing rock on the growth and quality of potato crop
( Solanumtuberosum). Inter. J. of Res. In Management 2 (2) :108-119.

Maly 1., Bartos J., Hiusek J., Kopec K., Petikovda K., Rod J., Spiz P.
( 1998).Polnizelinastvi. AgrospojPraha, 175-185.

Mann, L. K. (1952). Anatomy of the garlic bulb and factors affecting bulb
development.Hilgardia, 21 : 195 - 228

Marschner, H. (1995).Mineral Nutriton of higher plants.2™ ed. Academic Press,
San Diego, NY.

Messick, DL.And Fan MX. (1999).The role of sulphur fertilizer in oil crop production.
The Sulphur Institute, USA.

Olsen, S. R, and L. E. Sommers. 1982. Phosphorus. In: Page. A. L., R. H. Miller,
and D. R.Keeney (Eds). Methods of Soil Analysis .Part 2 Amer. Soc.
Agron.Madison, W. . USA. Pp. 403-430.

1382

BN

[

LR W)

A\, e

AN




T

(A

o

e fe e

——

Sy

P VI SR S

J. Plant Production, Mansoura Univ., Vol. 6 (8), August, 2015

Page,A.L.(1982).Methods of Soil Analysis. 2™ Ed., Part 1, Soil Sci. Soc. Amer.,
Madison, Wisc., USA.

Sabagh,H.; Koramivafa,M.; honarmand, S. and Al-Agha,A.B. (2014). Effect of
Thiobacillus bacteria, sulfur and manure on the nutrient and pH of soil in
garlic ( Alliumsativurn L.). Int. J. Biosci. 5 (4):186- 193.

Sheng, X. F.(2005).Growth promotion and increased potassium uptake of
cotton and  rape by potassium releasing strain of Bacillus ediphicus.
Soil Biol. &Biochem. J. 37, 1918- 1922.

- Sheng, X. F. ;L. Y. He and W.Y. Huang.( 2002a). The conditions of releasing

potassium by a silicate dissolving bacteria strain NBT. Agric. Sci.
China, 1 (6):662-666.

Sugumaran, P.and Janarthanam, B. (2007).Solubilizing of potassium containing
minerals by bacteria and their effect on plant growth Worled J. Agric. Sci., 3
(3),.350- 355.

Tisdale, SL; WL Nelson and JD Beaton, (1984). Soil fertility and fertilizers, 4™
ed, McMillan Publishing company, New York.

Vessey, J.K.,, 2003. Plant growth-promoting rhizobacteria as biofertilizers.
Plant Soil,J. 255: 571-586.

ALl b S 8L g Sy sl g p pailigall (e AdlISe Y aray dsandll 00

asll Gl e Gadudy gl g

Tuga Bl o e saal g saga delend Ao Bgual)

Gl JSpe ~ Ol Sigay e - A pdad adlly Gabllnd) Sigan asd)
. s — b uadl — dael ol

. paa = b gaiall daala — ds) 0 A8 — Sl y el V1 agle aud ¥

YOAYYo 5 YO /Y v padl Gpewsdl Pla glilia ol jed Cy el
Sipaall S e Silend)h Gigag g Al jeas dlgdall Adddlas ) sel b Al Ae ) 3l
oSl g ppanliall Gt golaw (e Adlide DY axe Sladiad B0 Al Glldy ded
Voot g8/ By 50 aa€ VY ) o 08 [ QS anS Jie + G Ty e paS i) JUIS
O [ Cu S aaS YYO + (8 Iy g1 anS 08) ¢ (40 o gall Janall (1 %V v+ = )23/ aaS
e %0 = ai [ aal Vo 4 af fp aaS YY) ¢ (4 pasdl Jaed) e % Vo=
(Vi % €A) psaulip Qlilus ) pa o aodind) o sanli gl Slaw OIS o 43 (paar sall Janal
A bea gl 12 jiie Lgda JS oy S Apdall G Sl 5 SlShall Apdal L G0 il Sl
Sy il Say Jpronall 5 ol bl sai o @y by ((£0 - o) e L0
paatunal (o adll manadl STy o g Alad 5 el Cug W S iy Ay slal il S 38 s
Qi W wdadll (8 g Sl o gl gl ¥ e pladid o3 Baal 5 3 e dddiall adadll g8 4 el
o e g eas e ISy S Al Sy 6 sl sl dpdell G SIL oSl alastl
M\tus
= hla dladl) Caagl sy

Yoot ol \,yﬁsvv)u)&\”wh}m Clibu salaw e %oV o0 ALY K
Sl (5 peaddf gaill Db 330 o (s gina 85 Juadl o U L (8 [y S aaS
S ¢ cill Gladly il oy ¢l 319 s ¢l dbad) Gl ¢l g s )

1383




Gouda, A.E. A. . and A. A. A.Mosa

¢ gl I Jpeanal) bSey Jsmanall s34 S g{clall J i) 80 Clua
Sl 33055 (eady pasaill Go e Sy padl )y ugie ¢ deadl O Jaugie
Byl Al S5 ¢y shuill Byl Bl 385« By ) Bl S )R sl
sl Juad (3 (Bbkal g 38 A Al Apull 38 5 NS 5 o pandli

8 il il Al S e ISL Adall G SSL o B Bl il \S
Gl Sl a3 Gy Al Sas d}&d\ CMaa 5 il il Glha e (5 5xa
ol Juad 8 glash

Lddl LSl il ey Sl palislly p il LD el Gp Jelill (s
Gl g asanlisdl (solaw (0 %V e s Aleladdl dala gy Sl dpddl LSy ISl
el + iSball Ayl LG @l + iy S aalT e+ s pas YY)
G BS) Giladl Sliall JSI (5 sine 5 lob (e dipmmndl () (U Al G L
¢ A glall U pSall Cildia @3Sy 43l 5Ka g Jponall Clia X 5 panll saill Glia
M 8 %TNEYY « % VY,YY doan ofall IKE Jgeaal 50 Y Aebaall o3a o
- oSl Alebes ae A5l il o Al ol v s

Jaay Gyl osnlipll Clila (solaw) Haaiuly Ayl ol a g ade Telyy
) el <y S Al G Sy Sl il U SIL il g 4y o gl (30 %) ¢ ¢
- Al 02 Agliall gl an o Bl Juad B3 Gpanty a il J peana Ll

1384



