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Abstract

Two field experiments were investigated in two successive seasons of
2016/2017 and 2017/2018 in sand loam soil of private farm in El-Usayrat village
El-Monshaa City, Sohag Governorate, Egypt, to study the response of onion
plants (cultivar Giza 6 mohassan) to foliar application of amino acids (1gm/l)
from a compound contains 23.68% Free amino acids), yeast extract (5gm yeast/l)
and boron (5 cm/l) from compound contains 15% boron). Results showed that
onion plant significantly affected by foliar application of bio-fertilizers (amino
acid & yeast) and boron. Foliar application of yeast extract + boron gave the
maximum vegetative growth of onion plant including plant height and neck di-
ameter. While, bulb yields was affected by foliar application of amino acid + bo-
ron. Results concluded that foliar application by amino acid + boron (T5) in-
creased total yield by (52.24% & 50.15%), marketable yield by (65.13% &
63.54) and yield quality compared to control treatment in both seasons. Foliar
application of (T5) tended to reduce culls yield, double bulbs (%) and bolting
bulbs (%) in comparison to the control (T1) in the 1% and 2™ seasons, respec-
tively. Storage period indicated that the minimum values of weight losses of on-
ion (%) were obtained from application of boron (T4) after 60, 120 and 180 days
from storing in both seasons. Nutrient concentration in onion bulbs reveal that
(N, P and K concentration) strongly responded to the foliar application of T3,
while, boron concentration of onion bulbs responded to foliar application of bo-
ron (T4).
Keywords: onion, amino acids, boron, vegetative growth, nutrient concentration.
tons of the red (1.6 million) and
golden (580 thousand) varieties. 476

1. Introduction
Onion (Allium cepa, L.) is bien-

nial crop. Onion is considered one of
the principal field crops grown in
Egypt. Moreover, beside its impor-
tance for local consumption, it has
great potentiality as export commod-
ity to some European and Arabic
markets. Egypt is the seventh largest
onion producer on a global level and
onions are the third most important
product in the country after oranges
and potatoes. According to the lat-
est Agricultural Export Council data
(2017). Egypt produced 1.75 million

thousand tons were exported abroad,
mainly to the EU, Arab countries,
Asian countries and Russia. As for
2018, Egypt is expecting to produce 2
million tons with the objective of ex-
porting 600 thousand tons of them
after the new agreements stipulated
by the government with China, Aus-
tralia and South Africa. There is no
doubt that mineral fertilizers are es-
sential in most cropping systems if
maximum Yyields are to be realized.
Therefore, utilization of bio and mi-
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cro-nutrients in crops in order to sus-
tain agricultural production and sup-
port soil fertility and healthy plant
growth. In this context, the use of ac-
tive natural compounds (amino acid
& yeast extract) has been receiving
increasing attention. According to
Sarojnee et al. (2009) amino acids
can improve fertilizer assimilation,
increase uptake of nutrients and wa-
ter, enhance the photosynthetic rate
and dry matter partitioning, and
hence increase yield and quality.
Tugnoli and Bettini (2003) concluded
that use of amino acids as foliar
spraying makes it overcome the nutri-
tional and environmental deficiencies
that arise during the crop growth.
Many authors reported that, the foliar
application of amino acids can en-
hance plant growth, fruit yield and
improve its quality in cucumber
(Kandil et al., 2013). Yeast as a natu-
ral source of cytokinins-stimulates
cell division and enlargement as well
as the synthesis and enlargement as
well as the synthesis of protein, nu-
cleic acid and chlorophyll (Fathy and
Farid, 1996). Hence, the objective of
this investigation was to study the re-
sponse of onion plants of variety Giza
6 mohassan to foliar application of
amino acids, yeast extract and boron.
2. Material and Methods

Two field experiments were car-
ried out at the private farm in El-
Usayrat village El-Monshaa City, So-
hag Governorate, Egypt, to study the
response of onion plants to foliar ap-
plication of amino acids, yeast extract
and boron during two successive sea-
sons of 2016/2017 and 2017/2018.
Where the soil was clay loam. Seeds
of onion cvs. Giza 6 mohassan was
planted in the nursery at the 15™ Sep-
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tember 2016 and 2017 seasons, re-
spectively. All agricultural processing
for seedling production were fol-
lowed as conventional method. Seed-
ling was transplanted in the field after
45 days. The experimental plots were
randomly assigned in a randomized
complete block design with three rep-
licates.

Treatments of foliar application were
arranged as following:

T1. Control (water)

T2. Spraying amino acid

T3. Spraying yeast extract

T4. Control + boron (T1 + B)

T5. Spraying amino acid + bo-
ron (T2 + B)

T6. Spraying yeast extract + bo-
ron (T3 + B)

Seedlings of the cultivar Giza 6
mohassan were transplanted at the
first day of November in the 1% and
the 2" seasons. Plot area was 10.5 m’
(1/400 feds Mineral fertilizations
were applied as recommended (90 Kg
nitrogen, 45 Kg phosphorous and 36
Kg potassium). Phosphorous fertilizer
was applied in the form of super
phosphate (15% P,0s) during soil
preparation. Nitrogen was applied in
the form of ammonium nitrate
(33.5%N) after one, two month from
planting. Potassium fertilizer was
added in the form of potassium sul-
phate (48% K,O) after 2 month from
cultivation. Foliar application treat-
ments (amino-acid & yeast extract)
and boron was sprayed after 45, 60
and 75 days from planting in each
season. Amino acid compound con-
taining 23.68% free amino acids was
sprayed at a rate of (1gm/l.). Yeast
was extracted and sprayed at a rate of
(5 gm/l.). Boron compound contain-
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ing 15% boron was sprayed at a rate
of (5 cmm/l1.)

The experiments site was pre-
pared using the conventional method.
Soil samples were collected in both
seasons from a depth of 60 cm prior
to land preparation, dried for analysis.
Analysis was carried out according
Jackson (1973). Some physical and
chemical properties of the experimen-
tal soil are shown in Table (1). Nor-
mal cultural practiced of growing on-
ion including fertilization and irriga-
tion was followed as recommended.

After harvestings, one hundred
bulbs of randomly onion taken after
curing as a representative sample
from each plot and stored under room
condition in both seasons during stor-
age period in order to calculate the
percentage of total weight losses at
60, 120 and 180 days according to the
following equation of Wills et al.
(1982):

Weight loss %= Initial weight —
weight after storage/ initial weigh X
100

Table 1. Some physical and chemical properties of the experimental soil.

Soil Analysis Season 2016/17 Season 2017/18
Soil texture Clay loam Clay loam
EC 1:5(dS m-1) 0.292 0.354
pH 1:5 8.12 8.22
Organic matter (%) 0.87 1.07
CaCO3(%) 3.46 4.25
Total N (%) 0.141 0.146
Available P ppm 15.00 17.00
Exchangeable K m. eq/100 g soil 0.22 0.35

Data recorded:

A. Vegetative growth: ten plants
from each plot were chosen randomly
after 120 days from transplanting for
measuring the following characters:
Plant height (cm), Neck diameter
(cm) and Bulb yield (cm).

B. yield components: including total
yield, marketable yield and culls
yield.

C. Bulb quality: including weight
and diameter of bulbs.

Total soluble solids (T.S.S) were as-
sayed according to A.O.A.C (1995).
D. Nutrient analysis: Bulb samples
from every plot were chemically ana-
lyzed for N, P, K and B contents fol-
lowing standard methods (Chapman
and Pratt, 1964).
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The obtained data were sub-
jected to the analysis of variance pro-
cedure and mean were compared us-
ing the L.S.D. method at 5 % level of
significance according to Gomez and
Gomez (1984).

3. Results and Discussion

Significant effect of foliar ap-

plication treatments was observed on
vegetative growth in the 1% and 2™
seasons. This study indicates that
foliar application treatments are re-
quired for achieving higher bulb yield
of onion. The results are discussed
under five crop headings:
1. Effects of foliar application
treatments on vegetative growth
(cm) of onion cultivar Giza 6 Mo-
hassan:
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1.1 Plant height: Plant height
was measured at 90 days after trans-
planting. There was a significant ef-
fect of treatments on the plant height
of onion plant (Table 2). All treat-
ments significantly increased plant
height compared to the control (T1)
in both seasons. The maximum plant
height was obtained from application
of yeast extract + Boron (T6). The
increase percentage in plant height
due to foliar application of T6 was
(75.0% and 76.46%) compared to the
control (T1) in the 1% and 2™ seasons.
Similar results were obtained by Ah-
med et al., (2011) who found that in-
creasing of foliar application of active
dry yeast concentration up to 5 g/l
increased the vegetative growth char-
acters of potato plants.

The positive effects of applying
active dry yeast was attributed to its
own contents of different nutrients,
high percentage of protein, large
amounts of vitamin B and natural
plant growth regulators such as cyto-
kinins (Glick, 1995; Fathy and Farid,
1996) or might be attributed to the
role of sugar which needed to pro-
duce energy, promote growth, conse-
quently affected plant growth (Filip
Rolland et al., 2006).

1.2 Neck diameter: The highest
bulb diameter (2.57 and 2.127 cm)
was observed in the T6 treatment
(Yeast extract + Boron) and gave the
maximum neck diameter compared to
all other treatments (Table 2). The
lowest neck diameter (1.323 and
1.353 cm) was recorded in the T1
treatment (control) and statistically
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similar result was observed by the T3
(yeast) treatment. This result indi-
cates a greater effect of B supplement
over yeast extract which in turn influ-
enced the neck diameter. Many au-
thors reported that, the foliar applica-
tion of yeast can enhance plant
growth, fruit yield and improve its
quality in cucumber. Yeast as a natu-
ral source of cytokinins-stimulates
cell division and enlargement as well
as the synthesis of protein, nucleic
acid and chlorophyll (Fathy and
Farid, 1996).

1.3 Bulb diameter: Bulb di-
ameter varied from minimum values
(2.233 and 2.257 cm) recorded in
foliar application with water (control)
to maximum values (3.380 and 3.443
cm) recorded in foliar application of
amino acid + boron (T5) in the 1* and
2" seasons, respectively (Table 2).
All the treatments (T2-T6) showed
significantly higher bulb diameter
over the control (T1). The highest
bulb diameter obtained from foliar
application of amino acid + boron
(T5) was 51.56% and 52.54% higher
over control in the 1" and 2™ seasons,
respectively (Fig.1). The results of
the foliar application of amino acid +
boron (T5) effect are carefully looked
in to; it appears that the effect of B
application was dominant over that of
amino acid. Many studies have
proved that, amino acids can directly
or indirectly influenced the physio-
logical activities of the plants (El-
Shabase et al., 2005, Awad et al.,
2007; Al-Said and Kamal, 2008 and
Faten et al., 2010).
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Table 2. Effect of foliar application on vegetative growth of onion cultivar Giza 6
Mohassan after 90 days from Transplanting

Vegetative growth (cm)
Plant height Neck diameter | Bulb diameter
Treatments lst 2nd lst 2nd lst 2nd

season | season | season | season | season | season
T1 (Control) 53.85 55.25 1.323 1.353 2.233 2.257
T2 (Amino Acid) 61.43 63.10 1.533 1.560 2.853 2.887
T3 (Yeast) 76.10 78.02 1.770 1.820 2.317 2.457
T4 (Boron) 62.37 65.35 1.490 1.510 2.523 2.547
TS5 (Amino acid + Boron) 73.32 75.40 1.730 1.813 3.380 3.443
T6 (Yeast + Boron) 94.24 97.50 2.057 2.127 2.850 2.937
L.S.D. 0.05= 2.58 2.34 0.12 0.14 0.16 0.13

2. Effects of foliar application compared to the control in the 1% and

treatments on yield components of
onion cultivar Giza 6 Mohassan:

Results of (Table 3 and Fig. 1)
demonstrated the effect of foliar
treatment on yield components.

2.1 Total yield (ton/fed.): All
the treatments showed significantly
higher bulb yield in comparison with
the control (T1). Total yield (ton/fed.)
varied from (15.35 and 16.01) re-
corded in foliar application of water
(T1) (control) to (23.37 and 24.04)
recorded in foliar application of
Amino acid + Boron (T5) in the 1%
and 2" seasons, respectively (Table
3). The highest total yield was ob-
tained from (T5) treatment (52.24%
and 50.15%) higher than control
(Fig.1).

2.2 Marketable yield
(ton/fed.): The weight of marketable
yield (ton/fed.) determined after har-
vest was significantly affected by the
different treatments. The highest
marketable yield (ton/fed.) (23.07 and
23.55 ton/fed.) was recorded from
foliar treatment (T5). While, the low-
est marketable yield (ton/fed.) (13.97
and 14.40) was recorded from (T1)
treatment in the 1% and 2™ seasons,
respectively. The increase percentage
represented (65.13% and 63.54%)
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2" seasons, respectively.

2.3 Culls yield (ton/fed.): Culls
yield (ton/fed.) was significantly af-
fected by the different treatments.
Foliar application of amino acid +
Boron (T5) gave the most significant
reduction in culls yield (ton/fed.)
compared to the control (T1) and in
comparison with all treatment under
the study in the 1% and 2" seasons,
respectively. On the contrary, the
maximum increase in Culls yield
(ton/fed.) was obtained from foliar
application with yeast extract (T3).

The positive results due to
amino acid + Boron (T5) could at-
tributed to the overall improvement in
plant growth parameters and yield
due to application of amino acids
which may be due to providing read-
ily source of growing substances
which form the constitutes of protein
in the living tissues. Generally,
Amino acids were found to increase
number of flowers, fruit setting and
fruit yield (Neeraja et al., 2005). Re-
sults could be concluded that treating
onion plants with foliar application of
Amino acid + Boron (T5) gave the
maximum total and marketable yield
(ton/fed.) and had beneficial effects
on reducing the culls yield (ton/fed.).
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The beneficial effects of amino acid +
boron (T5) on yield components of
onion may be due to boron spraying
which is fundamental for the growth
and development, acting as constitu-
ents of cell walls (B) and membranes

(B and Zn), as constituents of en-
zymes (Fe, Mn, Cu and Ni), of acti-
vation of enzymes (Mn and Zn) and
in photosynthesis (Fe, Cu, Mn and
CD (Kirkby and Romheld 2004; and
Sharma 2006).

Table 3. Effect of foliar application on yield components of onion cultivar Giza 6

Mohassan
Yield components
Total yield Marketable Culls yield
Treatments (ton/fed.). yield (ton/fed.). (ton/fed.).
lst 2nd lst 2nd lst 2nd
season | season | season | season | season | season

T1 (Control) 15.35 16.01 13.97 14.40 1.373 1.613
T2 (Amino acid) 18.23 19.02 17.58 17.67 0.993 1.350
T3 (Yeast) 16.46 17.14 13.44 13.98 3.017 3.163
T4 (Boron) 17.44 18.12 16.51 17.02 0.933 1.107
TS (Amino acid +Boron) 23.37 24.04 23.07 23.55 0.297 0.497
T6 (Yeast + Boron) 18.59 19.27 16.80 17.23 1.787 2.037
L.S.D. 0.05= 0.87 0.82 0.76 0.70 0.04 0.03
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Fig. (1). Effect of foliar treatments on onion yield components of onion cultivar Giza 6 Mohassan

3. Effects of foliar application
treatments on Bulb quality of onion
cultivar Giza 6 Mohassan:

Data presented in Table (4)
showed that all bulb quality signifi-
cantly affected by foliar treatments.
Foliar application of (amino acid +
boron, T5) increased percentage of
dry matter in bulbs (DM % and total
soluble solids (TSS) by (274.34% and
298.38%) and (37.89% and 37.93%)
compered to control treatment (T1) in
the 1% and 2™ seasons, respectively.
Foliar treatment of (T5) tended to re-
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duce double bulbs, (%) and bolting
bulbs (%) by 51.73% and 51.80% and
90.43% and 72.26% compared to the
control (T1) in the 1% and 2™ seasons,
respectively. Similar results was ob-
tained by Tantawy, (2007) and El-
Abagy et al., (2014) who found that
mixture of amino acids proved to be
effective in improving plant growth
under abiotic stress hence it is ex-
pected to improve plant growth and
production under normal environ-
mental conditions.
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Table 4. Effects of foliar application treatments on Bulb quality of onion cultivar

Giza 6 Mohassan
Bulb quality
Treatments Double bulbs Dry matter Total soluble sol- Bolting bulbs
(%). (DM (%). ids (TSS). (%).
seasons
lst 2nd lst 2nd lst 2nd lst 2nd
T1 (Control) 4.627 | 4.807 11.50 11.89 11.613 12.117 1.390 1.453
T2 (Amino acid) 2.500 | 2.767 25.40 25.96 14.550 | 14.907 | 0.543 0.650
T3 (Yeast) 4.840 | 5.170 15.84 16.10 12.340 | 12.933 1.497 1.640
T4 (Boron) 3.123 | 3.250 21.70 22.25 12.157 | 13.287 | 0.780 0.790
T5 (Amino acid + Boron) | 2.233 | 2.317 43.05 43.92 16.010 | 16.713 0.133 0.403
T6 (Yeast + Boron) 3.213 | 3.433 26.78 27.30 13.583 14.247 | 0.867 0.927
L.S.D. 0.05 0.06 0.08 2.13 2.65 0.26 0.28 0.012 0.016
4. Effects of foliar application ciferous and root crops the concentra-

treatments on nutrient concentra-
tion of onion cultivar Giza 6 Mo-
hassan after 60, 120 and 180 days
from storing:

Effects of foliar treatments re-
vealed varied response of the nutrient
concentration to foliar treatments
(Tables 5). The maximum nutrient
concentration under the study was
obtained from foliar application of
(amino acid + boron, TS5) in both sea-
sons. N, P and K concentration
strongly responded to the foliar appli-
cation of (T5), while, boron concen-
tration of onion bulbs responded to
foliar application of boron (T4) fol-
lowed by (TS). It's known that the
critical level of boron in crops ranges
from 5 to 10 pg g for monocots and
20 to 70 pg g 'for dicots (Mortvedt,
1991). Tariq and Mott (2007) con-
cluded the critical boron deficiency
and toxicity levels that for most cru-
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tion of boron in plants <15 pg g to
be deficient, 25-100 pg g’ adequate
and >200 pg g toxic for growth and
production. It is clear that both boron
deficiency and toxicity will result in
reduction of crop yield and quality

This superiority of (T5) might
be due to beneficial effects of foliar
application of amino acid which en-
hance plant growth, fruit yield and
improve its quality in cucumber
(Kandil et al., 2013). Boron play
great role in carbohydrate metabolism
and transport of sugars (Katyal and
Randhawa, 1983), phenol and auxin
metabolism (Mengel and Kirkby,
1982), water relations (Sharma and
Ramchandra (1990), tissue develop-
ment, differentiation and formation of
cell walls (Katyal and Randhawa,
1983), and reproduction and germina-
tion of pollen and disease resistance
(Bergmann, 1984).
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Table 5. Effect of foliar application on N, P and K and B concentration in onion

bulb of cultivar Giza 6 Mohassan

Onion bulb concentration
N P K B
Treatments % % % ppm
Seasons

lst 2nd lst 2nd lst 2nd lst 2nd
T1 (Control) 1.660| 1.680 | 0.150 | 0.151 | 1.833 | 2.072 | 18.613 | 18.873
T2 (Amino acid) 1.710| 1.730 | 0.167 | 0.168 | 1.970 | 2.226 | 19.573 | 19.860
T3 (Yeast) 1.770 | 1.790 | 0.197 | 0.198 | 2.047 | 2.313 | 19.817 | 20.110
T4 (Boron) 1.600| 1.620 | 0.187 | 0.188 | 2.163 | 2.445 | 20.067 | 20.370
T5 (Amino acid +Boron) | 1.810 | 1.830 | 0.203 | 0.205 | 2.083 | 2.354 | 19.797 | 20.090
T6 (Yeast + Boron) 1.800 | 1.810 | 0.193 | 0.195 | 1.923 | 2.173 | 19.343 | 19.623
L.S.D. 0.05= 0.26 | 0.21 0.04 0.03 0.13 | 0.18 0.32 0.24

5. Effects of foliar application treat-
ments on total weight loss (%) of on-
ion bulb of Giza 6 Mohassan after 60,
120 and 180 days from storing:

The percentage of weight loss was
steadily increased until 180 days of stor-
age (Fig. 1). Data in Table (6) show that
weight losses of onion (%) significantly
affected by all treatments under the
study. Foliar application of yeast extract
(T3) gave the maximum weight losses of
onion (%) in both seasons. Boron treat-
ment (T4) had the most pronounced ef-
fect on bulb weight loss during storage,
compared to the control and other treat-
ments. All other treatments showed
higher percentage of weight loss com-

pared to the control during all storage
times. Concerning shrinking percentage,
it was noticed that plants sprayed with
either boron (T4) or amino acid (T2) had
better storability of bulbs than other
treatments and the control. These results
may be due to the effect of boron and
amino acid on growth parameters which
may reflect on enhancing the quality and
storability of onion bulbs. In this regard,
Bardisi (2004) found that high quality of
garlic bulbs was obtained during 300
days of storage when plants were
sprayed with bio-stimulants (ascorbic
acid.). Ahmed et al. (2010) stated that
plants sprayed with humic acid had bet-
ter storability than untreated ones.

Table 6. Effect of foliar application treatments on total weight loss (%) of Giza 6
Mohassan onion bulb during storage period.

Days after storage time
Treatments 60 ‘ 120 ‘ 180
Seasons
lst 2nd lst 2nd lst 2nd
T1 (Control) 0.327 | 0.190 | 0.567 | 0.433 0.603 | 0.490
T2 (Amino acid) 0.380 0.280 | 0.597 | 0.483 0.640 | 0.563
T3 (Yeast) 0.467 0.303 | 0.643 | 0.520 0.707 | 0.640
T4 (Boron) 0.270 0.150 | 0.503 | 0.403 0.510 | 0.447
T5 (Amino acid + Boron) 0.330 0.203 | 0.540 | 0.440 0.583 | 0.523
T6 (Yeast + Boron) 0.407 0.253 | 0.573 | 0.477 0.630 | 0.570
L.S.D. 0.05= 0.04 0.03 0.02 0.03 0.04 0.03
4. References Official Analytical Chem-ists In-
A.0.A.C. (1995). Official Method of ternational, Arlington Virginia,
Analysis, 16™ Ed., Association of USA.
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