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Abstract

This work was conducted to study the influence of potassium fertilizer, solubiliz-
ing bacteria (Bacillus circulans) and sulphur on yield, bulb quality, storability and black
mould disease of onion. The study revealed that application of feldspar, Bacillus circu-
lans and sulphur fertilizer was the best treatment, where it recorded the higher values of
the total count of Bacillus circulans (CFU x 10° /g soil), dehydrogenase enzyme activity
in the rhizosphere of onion plants cultivated in soil, plant height (cm), fresh weight (ton
fed ') and yield (ton fed. ") of onion, highest values of total soluble solids (TSS), nitro-
gen, phosphorus and potassium contents, as well as the lowest values of weight loss
percentage of onion bulb and black mold percent during the storage period for 6 months
in the both seasons, this treatments would be suitable for productivity, quality and stor-

ability for onion production cv. Giza 6 in Egypt under experimental conditions.

Keywords: Onion, fertilizer, potassium solubilizing bacteria, black mold disease.

Introduction

(Allium cepa L.) is one of the
most important commercial vegetable
crops in the world including Egypt
(Hussein et al, 2014). It is used
throughout the year in the form of
salad and for cooking with other
vegetables, as well as it has several
medical uses (Gupta et al, 2012).
Onion is highly valued as both flavor-
ing agent and storing plant material
for about eight to ten months (Kumar
et al., 2015 and Samuel and Ifeanyi,
2015). The cultivated area in Egypt
was 196968 fed., in 2014/2015 sea-
son, produced 2,888,791 tons/fed.,
with an average of 14.67 tons/fed., as
mentioned by the (Anonymous,
2001).

Potassium plays key role in on-
ion production. Generally a heavy
dose of fertilizer is recommended for
onion cultivation, onion is very re-
sponsive to potassium. The essential
role of potassium in numerous
physiological and biochemical proc-

esses in the plant including photo-
synthesis, enhancing the translocation
of assimilates, protein synthesis,
maintenance of water balance and
promoting enzyme activities are well
established (Marschner 1995) Among
the various nutrients required to pro-
duce high yield, potassium deficiency
dramatically reduced leaf area and
dry matter accumulation and affected
assimilate partitioning among plant
tissues (Zhao et al., 2001). Sindhu et
al., (2010) reported that potassium
solubilizing bacteria (KSB), when
used as bio fertilizer for agriculture,
can reduce the use of application of
chemical fertilizer and support
ecofriendly crop production. Potas-
sium solubilizing bacteria (KSB) dis-
solve potassium from insoluble K-
bearing minerals such as micas, ilite
and orthoclase by excreting organic
acids which either directly dissolved
rock K or chelated silicon ions to
bring K into the solution. Sheng,
(2005) stated that using KSB led to



Doi: 10.21608/ajas.2020.147568

Fawaz, S.B.M. and Shaima H.F. Abo Zaed, 2020

http://ajas.journals.ekb.eg/

improve the growth of pepper plants.
Deepa et al., (2018) found that, the
physiological loss in weight, sprout-
ing, rotting and black mould inci-
dence were declined and number of
marketable bulbs and TSS of bulb
significantly increased during storage
with increasing levels of potassium.

Sulphur has been found not only
to increase the bulb yield of onion but
also improves its quality, especially
pungency and flavor (Jaggi and Dicxit,
1999). Severe sulphur deficiency dur-
ing bulb development has detrimental
effect on yield and quality of onion
(Ajay and Singh, 1994). Sulphur con-
taining secondary compounds are not
only important for nutritive value or
flavors but also for resistance against
pest and diseases (Bell, 1981).
Balasubramonian et al., (1979) re-
ported that onion required sulphur
fertilization in increasing the produc-
tion. There are many S-containing
compounds, which have been linked,
directly or indirectly, with the de-
fenses of plants against microbial
pathogens; these include thionins, de-
fensins, glucosinolates, crucifer phy-
toalexins, alliin, and glutathione
(Hell, 1997).

Onion black mold rot disease is
the most destructive disease of stor-
ages and in the field (Wani and
Taskeen, 2011). Rajam, (1992) re-
ported that among the post harvest
diseases of onion is black mold rot
caused Aspergillus niger which was
the predominant one. The pathogen is
transmitted by contaminated seed or
soil. The infection usually begins at
germination of onion seeds and may
continue throughout storage (Hayden
and Maude, 1992. Hayden et al.,
1994a, b; Koycu and Ozer, 1997; and

66

Sirois et al., 1998). Visual symptoms
are not observed on sets developing
from seeds infected with pathogen
because of latent infection (Ozer and
Koycu, 1997) visible external and in-
ternal symptoms of black mold occur
on infected marketable bulbs (Sum-
ner, 1995; Sinclair and Letham,
1996). Quadri et al., (1982) revealed
that the spoilage caused by 4. niger
was as high as 80%. A. niger a soil
saprophyte being ubiquitous attacks
onion by producing various enzymes
and toxins and establishes itself in
bulb and other tissues. Bulb rot con-
tributes to 10-50% of storage losses
of different varieties during 3 months
storage period under local conditions
(Metthananda, 1992). Rahim el al,
(1983) reported that in some exotic
cultivars, storage loss is even 100%.
Onion bulbs are highly susceptible to
post-harvest rots, caused by micro-
organisms particularly fungi during
storage period, which have been
known to produce toxins caused inju-
rious to human and animal health
(Samuel and Ifeanyi, 2015). About
35-40 % of stored onion is lost due to
storage diseases. Amongst all Asper-
gillus spp. (especially A. niger) is the
most virulent pathogen in the field
and storage (Kumar et al, 2015).
Post-harvest diseases of onion are due
to latent infection from that under
field conditions and if these infec-
tions are minimized before harvest it
is possible to reduce the post-harvest
losses (Raju and Naik, 2006). The
aim of this work was to study the ef-
fect of potassium fertilizer, Bacillus
circulans and sulphur on growth,
yield and its components, bulb qual-
ity as well as bulb storability of onion
to improve the qualitative and quanti-
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tative of onion Giza 6 cultivar yield
under experimental conditions.
Materials and Methods

A field experiment was carried
out at Mallawi Agriculture Research
Station, Minia Governorate, Egypt,
during the two successive seasons
2015/2016 and 2016/2017. The ex-
periments were carried out in split
plot layout with Randomized Com-
plete Blocks Design (RCBD) with
three replicates, The main plot for
two levels from sulphur (without or
with 100 kg fed") and sub plots were
allocated levels of potassium fertil-
izer and bio-fertilizer (Bacillus circu-
lans), no fertilization, bio-fertilizer
(Bacillus circulans), potassium sul-
phate, feldspar, potassium sulphate
with bio-fertilization feldspar with
bio-fertilization. The growth charac-
ters, yield, bulb quality and storability
after 2, 4 and 6 months from storage
were recorded at room temperature.
Each plot was 3.0 x 3.5 m” (10.5 m* =
1/400 feddan). Sixty day-old trans-
plants of onion Giza 6 cv each plot at
the recommended spacing 10 cm on

the third week of December. The rec-
ommended agricultural practices for
onion were used. As ammonium sul-
phate (N 20.6%), calcium super
phosphate (P,Os 15.5%), and potas-
sium sulphate (K,O 48%) fertilizers
used as sources of nitrogen, phospho-
rus and potassium, respectively. The
recommend amounts of mineral N
and P fertilizers for onion production
were used. The amount of mineral N
fertilizers was splitted into two por-
tions, one half being applied one
month after transplants time before
the first irrigation and the remaining
portion was applied before the second
irrigation, 60 days from transplants.
While, the amounts of phosphorus
and sulphur were added at soil prepa-
ration directly. The seedling was dips
in bio fertilizes (B.circulans) before
transplants. Samples of soils were
analyzed using methods cited by
(Black et al., 1965). Sampling dates
were two weeks before transplants.
Some main soil chemical, and fertil-
ity characteristics are presented in
Table (1):

Some physiochemical analysis of the experimental soil at depth (0-30 cm) before
Plantation in 2015/2016 and 2016/2017 seasons.

Properties | 2015/2016 |  2016/2017
Physical analysis:-

Sand (%) 8.47 10.11
Silt (%) 54.71 49.32
Clay (%) 36.82 40.57
Soil texture Silty clay loam
Mechanical analysis:-

Organic matter (%) 1.60 1.72
pH soil — water suspension ratio (1:2.5) 8.14 8.00
EC (ds m™) soil — water extract ratio (1:5) 1.52 1.59
Soluble cations (meq/L):-

Ca™ 7.25 7.45
Mg"™ 2.10 2.15
Na® 3.20 322
K" 0.18 0.20
Soluble anions (meq/L) :-

CO5 --- ---
HCO5 3.18 3.20
Ccr 4.15 4.10
S04~ 5.40 5.72
Available nutrient

Available N % 0.19 0.18
Available P (ppm) 16 19
Available K (ppm) 250 270
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Preparations of Bacillus circulans;

Bacillus circulans 1solate ob-
tained from the microbiology de-
partment, Agriculture Research Cen-
ter, Giza, Egypt. It was inoculated in
250 ml conical flasks that possessed
100 ml Aleksandrov's medium
(Zahra, 1969) for 4 week at 28°C and
then, enriched on nutrient broth me-
dium (Difco, 1984) for 48 hours at
28°C. Inocula of B. circulans (1x 10°
cell/ml) before transplanting the seed-
lings washed with water and air dried
then inoculated by dipping its root
system in cell suspension of Bacillus
circulans(11x10° cell/ml) for 60 min
before transplanting.

Microbiological determination:

The plate count method was
used to determined B. circulans bac-
teria using Aleksandrov's medium.
Plants were harvested (50 % of the
plant leafs turned yellow). Harvest
was done at 5™ and 10™ of May for
first and second seasons respectively.
A random sample of ten plants from
each experimental unit was taken at
150 days after planting and the fol-
lowing data were recorded:

- Plant height (cm).

- Dehydrogenase activity in the
rhizosphere of onion plants at 30
and 60 days the bacterial popula-
tion dynamics in the rhizosphere of
the plants and the dehydrogenase
activity in the rhizosphere of onion
plants was determined according to
the method described by Skujins,
1976.

At the appropriate stage of maturity the
bulbs in each plot were harvested
and then

- Fresh total yield (ton fed™)

- Total yield (ton fed") was calculated.

- Total soluble solids percentage
(T.S.S. °Brix) was determined. Fol-
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lowing the procedure of Waskar et
al., 1999.

- N, P and K analysis
- Percentage % black mould disease in
bulbs.

- Weight losses percentage %.

Concentrations of N, P, and K
were analyzed from matured bulbs.
Five clean sample bulbs from each
plot were collected randomly. The
bulbs were ground and over dried at
65°C for 48 h. The finely ground and
dried tissues were wet digested using
sulphuric-perchloric acid mixture
(1:1) as described by A.O0.A.C
(2000). Total nitrogen percentage was
determined by Kjeldahl method ac-
cording to Jackson (1967). Total
phosphorus percentage was estimated
calorimetrically using the chlorostan-
nus-reduce molybdo phosphoric blue
color method and measured at the
wave length of 640 nm using spec-
trophotometer as described by Jack-
son (1967). Total Potassium percent-
age was determined using the flame
photometer as described by Jackson
(1967).

All treated bulbs of each storage
treatment collected back in mesh bags
to the storage at room temperature
(28+2) five kilogram bulb of each
treatment are arranged in randomized
complete black design with three rep-
lications observation on the black
mould of bulbs were recorded at
weekly intervals.

Disease assessments.

By the end of every storage pe-
riod, bulbs were screened for disease
incidence of black mould on regular
intervals two, four and six months
after storage. Percentages of black
mould disease in bulbs were esti-
mated and calculated as follows:
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Lose weigh of bulbs reduction = (Wz —
Wa/Wz) x100
Where=

Wz = Weigh of bulbs at zero time
(5Kg) and

Wa= Weigh of bulbs after storage
Statistical analysis:

Data collected were subjected to
Analysis of Variance (ANOVA) for
obtained data in each season was per-
formed. The measured variables were
analyzed using MSTATC. Differ-
ences among treatments were evalu-
ated by LSD test at 5% according to
procedure out lined by Gomez and
Gomez (1984).

Results and Discussion

Effect of potassium fertilizer, solu-

bilizing bacteria and sulpher on:
1-Total count of B. circulans:

The obtained data in Table (2)
clearly indicate that potassium fertil-
izer, Bacillus circulans and sulphur
fertilizer populations where the count
of B. circulans at 30 and 60 days
during the two seasons, (4.06 and
15.00 x 10° CFU/g and 5.10 and
17.00x 10° CFU /g soil) respectively
gave the highest values in total count
of B. circulans. The improvement
may be as a result of the important
role of these microorganisms in im-
proving soil fertility and plant devel-
opment Bacillus spp. and releasing
certain nutrient elements (P, Fe, Zn,
Mn and K) in addition to contributing
with some plant growth substances.
These results are in line with those
obtained by Abd El-Mageed et.al.,
(2004) and Massoud et al,.( 2009).

Table 2. Effect of potassium fertilizer, B. circulans and sulphur on total count of B.
circulans of onion plants in the two growing seasons.

Total count of Bagillus circulans
(CFU x 10° /g soil)
Treatments Season 2015/2016 | _ Season 2016/2017
30 days 60 days | 30 days 60 days

no fertilization+ (0) Kg S (control) 0.21 0.29 0.21 0.33
B. circulans + (0) Kg S 0.24 1.30 0.25 1.58
K. sulphate + (0) Kg S, 0.28 1.33 0.29 2.40
Feldspar + (0) Kg S 0.29 1.51 0.32 0.43
K. sulphate + B. circulans+ (0) Kg S 0.33 2.30 0.36 2.50
Feldspar + B. circulans + (0) Kg S 0.26 2.90 0.39 3.50
no fertilization + (100) Kg S 0.31 3.00 0.42 4.22
B. circulans + (100) Kg S 0.39 4.90 0.45 5.40
K. sulphat + (100) Kg S, 1.60 5.70 1.70 5.40
Feldspar + (100) Kg S 1.21 5.00 2.00 10.00
K. sulphate+ B. circulans + (100) Kg S 3.50 14.0 3.50 16.00
feldspar + B. circulans + (100) Kg S 4.06 15.0 5.10 17.00

2- Dehydrogenase Enzyme Activ-
ity:

The results in Table (3) showed
application of 100 kg S fed”" gave the
higher values of dehydrogenase en-
zyme activity in the rhizosphere of
onion plants cultivated in soil com-
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pared with zero kg S fed”. Data also
showed the positive effect of potas-
sium fertilizer and B. circulanson de-
hydrogenase enzyme activity in the
two growing seasons. The highest
values on dehydrogenase enzyme ac-
tivity were recorded in the combined




Doi: 10.21608/ajas.2020.147568

Fawaz, S.B.M. and Shaima H.F. Abo Zaed, 2020

http://ajas.journals.ekb.eg/

treatment feldspar with B. circulans
at 30days (29.200 and 28.257ug), at
60 days, (50.950 and 49.990 png)
among the other studied treatments in
the both seasones compared to con-
trol treatment.

Interactions between potassium
fertilizer, B. circulans and sulphur
fertilizer revered to dehydrogenase
enzyme activity in the rhizosphere of
onion plants. It could be revealed
from the results that application feld-

spar, B. circulans compared to con-
trol and other treatments. The signifi-
cantly increase values were 35.600
and 63.800 pg TPF  (tri-
phenylformasan) at 30 and 60 days
during the second season on the
other hand, it recorded 34.667 and
62.833 ug TPF at 30 and 60 days, re-
spectively during the second season.
These results are in line with those
obtained by Massoud et al., (2009).

Table 3. Effect of potassium fertilizer, B circulans, sulphur and interactions on de-
hydrogenase enzyme activity for 30 and 60 days in the rhizosphere of onion

plants in two growing seasons.

Treatments Season 2015/2016 Season 2016/2017
30 days \ 60 days | 30 days \ 60 days

Sulphure
(0)S 20.117* 33.067 19.158 32.147
100 K.g S 29.575 49.433 28.614 48.448
LSD5% 0.175 1.656 0.202 1.851
Feldspar , K. sulphate and B.circulans
no fertilization 20.075 33.075 19.068 32.030
Bcirculans 20.650 36.100 19.713 35.140
K. sulphate 23.475 38.275 22.518 37.452
Feldspar 27.600 41.525 26.633 40.573
K. sulphate+ B.circulans 28.075 47.575 27.127 46.600
feldspar + B.circulans 29.200 50.950 28.257 49.990
LSD5% 0.157 1.697 0.186 0.980
Interaction AxB
no fertilization 16.400 25.400 15.413 24.433
B.circulans 23.750 30.800 22.723 39.627
K. sulphate (0)Kg S 17.600 33.000 16.670 29.827
Feldspar 23.700 34.650 22.757 40.453
K. sulphate+ B.circulans 20.550 36.450 19.600 32.297
feldspar + B.circulans 26.400 38.100 25.437 42.607
no fertilization 21.700 40.750 20.733 33.697
B.circulans 33.500 41.400 32.533 47.450
K. sulphate 100K.g S 21.650 43.550 20.683 35.480
Feldspar 34.500 48.400 33.570 57.720
K. sulphate+ B.circulans 22.800 OA Y 21.847 37.147
feldspar + B.circulans 35.600 63.800 34.667 62.833
LSD5% 0.377 2.400 0.445 2.347

*dehydrogenase enzyme activity (ug TPF)
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3-On plant height, fresh weight and
bulb yield:

Data given in Table (4) show
that using of 100 kg fed ™' of sulphur
scored the higher values of plant
height (cm), fresh weight (ton fed ™)
and yield (ton fed ) of onion com-
pared with zero kg fed”. Results also
showed that potassium fertilizer and
B. circulans had a significant effect
on plant height (cm), fresh weight
(ton fed ) and yield (ton fed ') of
onion in the two growing seasons.
The highest values of plant height
(73.067 and 73.633 cm), fresh weight
(5.683 and 5.767 ton fed™) and yield
(4.677 and 5.087 ton fed') were re-
corded in application combined feld-
spar with B. circulans. The lowest
values were recorded in control
treatment among the other studied
treatments in the 1% and 2™ seasons
respectively. Interactions between po-

71

tassium fertilizer, B. circulans and
sulphur had a significant effect on
plant height (cm), fresh weight (ton
fed ) and yield (ton fed ) in the two
growing seasons except plant height
and fresh weight in the second sea-
son. This result might be due to better
growth and development of onion
plant. This higher photosynthate ac-
cumulation in the clove from higher
leaves/plant would ensure higher
bulbs, large bulb diameter and higher
bulb fresh weight, similar results
were obtained by Kuldeep er al,
(2012) Basma et al., (2018). Onion is
an important sulphur-loving crop and
sulphur is essentially required for
proper growth and yield of crops.
Sulphur has been found not only to
increase the bulb yield but also im-
prove its quality especially pungency
and flavors (Jaggi and Dixit, 1999).
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Table 4. Effect of potassium fertilizer, B. circulans, sulphur and interactions on
plant height, fresh weight and yield of onion in the two growing seasons.

Season 2015/2016 Season 2016/2017
Treatments .P- Weight Yield P- Weight Yield
Mghl | (ton | g | high | (ton ey
(cm) | /fed) (cm) /fed)

Sulphure
0)S 64.528 | 4.511 | 3.825 | 65.294 | 4.739 | 4.041
100 K.g S 69.478 | 5.478 | 4.332 | 69.767 | 5.544 | 4.886
LSD5% 0.550 | 0.164 | 0.120 | 1.184 | 0.183 | 0.043
feldspar , K. sulphate and B.circulans
no fertilization 60.450 | 3.917 | 3.473 | 61.167 | 4.033 | 3.732
B.circulans 62.617 | 4.417 | 3.737 | 63.417 | 4.817 | 4.140
K. sulphate, 66.500 | 5.000 | 3.922 | 67.400 | 5.167 | 4.205
Feldspar 68.117 | 5.200 | 4.144 | 68.750 | 5.317 | 4.522
K. sulphate+ B.circulans 71.267 | 5.750 | 4.548 | 70.817 | 5.750 | 5.095
feldspar + B.circulans 73.067 | 5.683 | 4.677 | 73.633 | 5.767 | 5.087
LSD5% 0.755 | 0.138 | 0.215 | 1.604 | 0.339 | 0.121
Interaction AxXB
no fertilization (OKg | 58.767 | 3.267 | 3.107 | 59.533 | 3.600 | 3.283
B.circulans > 62.133 | 4.567 | 3.840 | 62.800 | 4.467 | 4.180
K. sulphate 60.883 | 3.900 | 3.473 | 61.867 | 4.333 | 3.667
Feldspar 64.400 | 4.933 | 4.000 | 64.967 | 5.300 | 4.603
K. sulphate+ B.circulans 62.733 | 4.333 | 3.660 | 64.233 | 4.700 | 3.890
feldspar + B.circulans 70.267 | 5.667 | 4.183 | 70.567 | 5.633 | 4.520
no fertilization 100 64.833 | 4.700 | 3.777 | 65.400 | 4.833 | 4.130
B.circulans Ke$ 71.400 | 5.700 | 4.510 | 72.100 | 5.800 | 4.913
K. sulphate 68.767 | 5.233 | 4.193 | 68.533 | 5.267 | 4.310
Feldspar 73.767 | 6.267 | 4.903 | 73.100 | 6.233 | 5.880
K. sulphate+ B.circulans 71.233 | 5.633 | 4.800 | 72.200 | 5.700 | 4.957
feldspar + B.circulans 74900 | 5.733 | 4.553 | 75.067 | 5.833 | 5.217
LSD5% 1.347 | 0.401 | 0.184 NS NS 0.105

4-On total soluble (TSS), nitrogen, the higher values of total soluble sol-
phosphorus and potassium content: ids (TSS), nitrogen, phosphorus and

Results in Table (5) Showed potassium contents of onion com-
that application of 100 kg S fed” had pared to application of zero kg fed
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in the two growing seasons. Onion
required sulphur fertilization in in-
creasing the dry matter production.
Data in Table (5) indicated that po-
tassium fertilizer and B circulans had
a significant effect on total soluble
solids (TSS), nitrogen, and phospho-
rus and potassium contents by onion
in the two growing seasons. The
highest values on total soluble solids
(TSS) (10.607 and 10.592 %), nitro-
gen (2.185 and 2.188 %), phosphorus
(0.416 and 0.417 %) and potassium
contents (0.853 and 0.858 %) of on-
ion were recorded in application
combined feldspar with B. circulars.
The lowest values of total soluble sol-
ids (TSS) (9.503 and 9.638), nitrogen
(1.817 and 1.820), phosphorus (0.370
and 0.371) and potassium (0.752 and
0.760) contents were recorded in con-
trol treatment. The obtained results
are in accordance with those obtained
by Balasubramonian et al., (1979)
and Singh and Rathi (1987). Among
the various nutrients required to pro-
duce high yield, potassium deficiency
dramatically reduced leaf area and
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dry matter accumulation and affected
assimilate partitioning among plant
tissues (Sindhu et al., 2010). Potas-
sium solubilizing bacteria (KSB) dis-
solve potassium from insoluble K-
bearing minerals such as micas, illite
and orthoclase, by excreting organic
acids which either directly dissolved
rock K or chelated silicon ions to
bring K into the solution. Sheng
(2005) stated that using KSB led to
improve the growth of pepper plants.

Data for interactions between of
potassium fertilizer, B. circulans and
sulphur on total soluble solids (TSS),
nitrogen, phosphorus and potassium
contents by onion in the two growing
seasons. Result cleared that interac-
tion applications had a significant ef-
fect on the all previous traits, irre-
spective of interaction applications
with or without sulphur. This result
might be due to sulphur has been
found not only to increase the bulb
yield but also improve its quality es-
pecially pungency and flavors (Jaggi
and Dixit, 1999).
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Table 5. Effect of potassium fertilizer, B. circulans, sulphur and interactions on to-
tal soluble solids (TSS), nitrogen, phosphorus and potassium contents of on-
ion in the two growing seasons.

Season 2015/2016 Season 2016/2017
Treatments T.S.S N | K T.S.S N | K
(%) | (%) | () | () | () | () | (%) | (%)

Sulphure
(0)S 9.827 1.926 | 0.386 | 0.777 | 9.807 1.932 | 0.387 | 0.783
100 K.g S 10.423 | 2.146 | 0.399 | 0.822 | 10.411 | 2.148 | 0.402 | 0.842
LSD5% 0.090 0.046 | 0.002 | 0.011 | 0.086 0.040 | 0.003 | 0.011
Feldspar, K. sulphate and B.circulans
no fertilization 9.503 1.817 | 0.370 | 0.752 | 9.638 1.8.20 | 0.371 | 0.760
B.circulans 9.823 1.870 | 0.375 | 0.756 | 9.750 1.883 | 0.379 | 0.777
K. sulphate 10.040 | 2.055 | 0.385 | 0.770 | 9.993 2.057 | 0.387 | 0.798
Feldspar 10.248 | 2.113 | 0.393 | 0.805 | 10.162 | 2.110 | 0.396 | 0.820
K. sulphate+ B.circulans 10.28 2.175 |1 0.416 | 0.852 | 10.519 | 2.182 | 0.417 | 0.862
feldspar + B.circulans 10.607 | 2.185 | 0.416 | 0.853 | 10.592 | 2.188 | 0.417 | 0.858
LSD5% 0.171 0.019 | 0.004 | 0.014 | 0.141 0.019 | 0.006 | 0.019
Interaction AxXB
no fertilization 9.207 | 1.697 | 0.360 | 0.737 9.397 1.710 | 0.361 | 0.740
B.circulans 9.800 | 1.937 | 0.381 | 0.767 9.880 1.930 | 0.381 | 0.780
K. sulphate g) 9.590 | 1.760 | 0.364 | 0.750 | 9.570 | 1.790 | 0.366 | 0.757
feldspar Sg 10.057 | 1.980 | 0.386 | 0.780 9.930 1.997 | 0.392 | 0.797
K.sulphate+ B.circulans 9.860 | 1.930 | 0.383 | 0.760 9.820 1.927 | 0.383 | 0.780
feldspar+ B.circulans 10.220 | 2.180 | 0.387 | 0.7.80 | 10.167 | 2.187 | 0.392 | 0.817
no fertilization 9.890 | 2.007 | 0.390 | 0.790 9.737 | 2.000 | 0.391 | 0.790
B.circulans 10.607 | 2.220 | 0.397 | 0.820 | 10.587 | 2.220 | 0.402 | 0.850
K. sulphat 100 | 10.087 | 2.050 | 0.405 | 0.797 9.991 2.057 | 0.403 | 0.807
feldspar K.g | 10.970 | 2.300 | 0.427 | 0.920 | 11.047 | 2.307 | 0.432 | 0.917
K_sulphate+ B.circulans S 10.327 | 2.110 | 0.415 | 0.827 | 10.327 | 2.110 | 0.418 | 0.827

10.887 | 2.260 | 0.417 | 0.880 | 10.857 | 2.267 | 0.417 | 0.890
feldspar+ B.circulans 10.887 | 2.260 | 0.417 | 0.880 | 10.857 | 2.267 | 0.417 | 0.890
LSD5% 0.221 | 0.113 | 0.004 | 0.026 | 0.210 NS 0.009 | 0.028

5- On storability of onion:

Results in Table (6) showed that
the effect of sulphur fertilizer levels
on weight loss (%) of onion bulb dur-
ing the storage period for 6 months in
the two seasons. Results cleared that
sulphur fertilizer levels had a signifi-
cant effect on weight loss % of onion
bulb during the storage period for 6
months in both seasons. The present
results indicated that increasing sul-
phur fertilizer. Combined with potas-
sium fertilizer and B. circulans had a
significant effect on weight loss % of
onion during the storage period for 6
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months in the two growing seasons.
The lowest values on weight loss %
of onion during the storage period for
6 months by onion were recorded in
feldspar with B. circulans. The lowest
values of weight loss % of onion bulb
during the storage period for two
months (3.012 and 2.445%), four
months (8.990 and 8.768%) and six
months (13.259 and 12.533) among
the other studied treatments in the 1*
and 2™ seasons respectively. Water
loss of onion bulb was lower at
higher potassium levels and this rela-
tionship is proved to be significant in
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the absence of N application. These
results agree with those mentioned by
Deepa et al., (2018).

No significant interactions be-
tween potassium fertilizer, B. circu-
lans and sulphur fertilizer with regard
to weight loss % of onion bulb during
the storage period for 6 months in the
two seasons are shown in Table (4). It
could be revealed from the results
that application feldspar, B. circulans
and sulphur recorded the lowest val-

ues of weight loss % of onion bulb
during the storage period for two
months except four months in first
season and two months in second
season. Zaki et al. (2014) referred
that there was decrease in bulb
weight loss during storage might be
due to improve the uptake of both
macro and microclements, which
positively influenced by biofertilizer
with/without sulphur.

Table 6. Effect of potassium fertilizer, B. circulans, sulphur and interactions on
weight loss % of onion bulb during storage period for 6 months of onion in

two growing seasons.

Season 2015/2016 Season 2016/2017
Treatments 2 4 6 2 4 6
months | months | months | months | months | months

Sulphure
) S 3.458* | 11354 | 16.118 | 3.027 | 11.376 | 15.573
100 K.g S 3.069 9.654 | 13.806 | 2.598 9.432 13.229
LSD5% 0.124 0.335 0.816 0.049 0.553 0.644
feldspar , K. sulphate and B.circulans
no fertilization 3.652 12.480 | 17.055 | 3.280 | 13.135 | 16.668
B.circulans 3.502 11.905 | 16705 | 3.133 11.660 | 15.772
K. sulphate 3.217 10.480 | 15287 | 2.775 10.705 | 14.718
Feldspar 3.125 10.000 | 14.775 | 2.695 9.375 14.117
K. sulphate+ B.circulans 3.075 9.170 | 12.700 2.35 8.778 12.600
feldspar + B.circulans 3.012 8990 | 13.259 | 2.445 8.768 12.533
LSD5% 0.154 0.458 1.721 0.089 0.622 1.060
Interaction AxB
no fertilization 3.803 13.097 | 17.543 | 3.450 | 14.130 | 17.450
B.circulans 3.500 11.863 | 16567 | 3.110 | 12.140 | 15.887
K. sulphate 3.637 12.683 | 17.363 | 3.283 12.860 | 16.520
Eeldspa;l _ (OKgs 3357 11.127 | 16047 | 2.983 10.640 | 15.023

- sulphate® 3.510 11.943 | 16733 | 3.133 12.493 | 16.070
B.circulans
feldspar - 2.923 9.017 | 13.840 | 2.417 8.917 13.367
B.circulans
no fertilization 3.363 11.183 | 16.333 | 2.980 10.000 | 15.467
B.circulans 2.887 8.817 13217 | 2.410 8.750 12.767
K. sulphate 3.293 9.840 14500 | 2.763 9.590 14.200
Feldspar 100Kg s |- 2883 8.600 12267 | 2.360 8,357 11.333
K.~ sulphatet 3.140 9.380 14233 | 2.550 9.180 13.733
B.circulans
feldspar - 2.857 8.500 10.900 | 2.307 7.967 11.000
B.circulans
LSD5% Ns 0.819 ns 0.120 Ns Ns

* Bulb weigh loss (%)
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6-On onion black mould incidaence:
Results in Table (7) cleared that
sulphur fertilizer had a significant effect
on black mold % of onion bulb during
the storage period for 6 months in both
seasons. The present results indicated
that increasing sulphur fertilizer to 100
kg S fed” decreased onion black mold
compared to 0 kg S fed'. Sulphur con-
taining secondary compounds are not
only important for nutritive value or fla-
vors but also for resistance against pest
and diseases (Bell, 1981). Results in Ta-
ble (7) Showed that potassium fertilizer
and B. circulans significantly decreased
onion black mold after two, four and six
months under storage conditions com-
pared to untreated controls in two suc-
cessive seasons (2015/2016 and
2016/2017). The lowest values on onion
black mold % of onion were obtained
during the storage period for 6 months.
Potassium sulphate with, bio-fertilizer
(B. circulans) and feldspar with B. cir-
culans recorded the lowest values of on-
ion black mold % of onion bulb during
the storage period for two months
(4.333, 4.333 and 4.567, 3.833%), four
months (7.667, 7.667 and 10.667,
10.000%) and six months (14.433 and

15.300) among the other studied treat-
ments in the 1% and 2" seasons respec-
tively. Potassium_is responsible for the
activation of nitrate reductase enzyme
enhance its quality, shelf life of fruit and
vegetables, reduces lodging of crops,
enhance winter hardiness and imparts
disease. Potassium is one of the three
major nutrients taken up by the plant in
large quantities and the adequate level of
potassium increases crop resistance to
various diseases (Dayal, et al. 2010). A
significant interactions between K. sul-
phate, feldspar, B. circulans and sulphur
fertilizer with regard to black mold% of
onion bulb during the storage period for
6 months in the two seasons are shown
in Table (5). It could be revealed from
the results that all treatments recorded
the lowest values of black mold % of
onion bulb during the storage period for
two (4.000 and 3.600), four (6.667 and
8.000) and six months (14.000 and
14.333) compared to control (no fertili-
zation). Black mold % of onion bulb
during the storage period for two (15.167
and 15.500), four (24.333 and 25.333)
and six months (28.667 and 30.333)
among the other studied treatments in
the 1% and 2™ seasons respectively.
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Table 7. Effect of potassium fertilizer, B. circulans, sulphur and interactions on in-
cidence of onion black mold after two, four and six months of storage under
natural infection in the two growing seasons.

Season 2015/2016 Season 2016/2017
Treatments 2 4 6 2 4 6

months | months | months | months | months | months
Sulphure
©0)S 6528 * | 10,639 | 17.761 | 6.283 | 13.000 | 18.100
100 K.g S 5917 8278 | 16.756 | 4.800 | 14.333 | 16.444
LSD5% 0.431 1.989 | 1.097 | 1.387 | 1.242 | 0.187

» feldspar, K. sulphate and B.circulans
no fertilization 11.333 17.333 | 23.333 | 10417 | 23.500 | 24.333
B.circulans 5333 7.667 | 16.033 | 4.567 | 10.967 | 15.200
K. sulphate 6.333 8750 | 18.133 | 5.367 | 16.500 | 16.933
Feldspar 5.667 7667 | 16517 | 4500 | 10.967 | 16.067
K. sulphatet |4 334 7.667 | 15.100 | 4.567 | 10.667 | 15.800
B.circulans
feldspar + B.circulans 4333 7.667 | 14.433 | 3.833 | 10.000 | 15.300
LSD5% 1.107 1360 | 1.580 | 1.006 | 1.187 | 1.416
Interaction AXB
g‘;n fertiliza- 15.167 | 24333 | 28.667 | 15.500 | 25.333 | 30.333
B.circulans 7.500 10.33 | 18.000 | 4.800 | 11.333 | 16.067
K. sulphate 4.667 8.167 | 19.600 | 5.400 | 11.333 | 15.533
Feldspar (0)Kg S 6.667 9333 | 15.633 | 4200 | 10.600 | 16.067
K. sulphatet 4.000 8333 | 17.667 | 4200 | 10.000 | 16.067
B.circulans
feldspar 6.667 8.000 | 14.867 | 4.067 | 9.400 | 16.667
B.circulans
g‘;n fertiliza- 6.667 8.667 | 17.000 | 5.333 | 10.667 | 18.333
B.circulans 4.667 7333 | 15.067 | 4333 | 10.600 | 14.333
K. sulphate | 100 K.g| 4.667 7333 | 16.667 | 5333 | 9.667 | 16.333
Feldspar S
K. sulphate+ 4.000 7.000 | 15.400 | 4.800 | 9333 | 16.067
B.circulans
4.000 8.000 | 15.000 | 4.933 | 9333 | 15.533

feldspar 4.000 6.667 | 14.000 | 3.600 | 8.000 | 14.333
B.circulans
LSD5% 1.565 1.924 | 2235 | 1.423 | 1.680 | 2.003

* Black mold (%)

In conclusion, this study revealed
that application of feldspar, B. circu-
lans and sulphur fertilizer gave the
higher values of the total count of B.
circulans dehydrogenises enzyme ac-
tivity, plant height, fresh weight, bulb
yield, total soluble solids (TSS), ni-
trogen, phosphorus and potassium
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contents by onion percentages, as

well as the lowest values of weight

loss percentage and black mold of on-

ion blub during the storage period for

6 months.
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