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ABSTRACT

Two experiments were conducted at the experimental
farm, Sakha Agric. Research Station (30.51°N and 31
05°E during 2020/2021 autumn and winter seasons.
The first is pot experiment and the second is field
experiment. The objectives of the present study were
to investigate the effect of different molybdenum (Mo)
concentration and its application methods on faba bean
(Vicia faba) and cauliflower (Brassica oleracea), as
plants yield and quality differ with Mo under salt
affected soil conditions. Split plot design was used
with three replicates. The main plots were assigned to
2 applications methods of (soil and foliar application).
The subplots divided to six concentrations of Mo for
soil application (0.0, 0.7, 1.4, 2.1, 2.8 and 3.5 mg kg ™),
and another six concentrations for foliar spray (0.0, 3,
6, 9, 12 and 15 mg L1). The obtained results can be
summarized as: the perfect concentration of Mo for
faba bean and cauliflower on vyield pods, head and
shoot were 1.4 mg kg™ in the soil application and 6 mg
Lt in the foliar application. The higher concentration
showed toxicity effects. Increasing Mo concentration
in the soil application or in foliar application led to
increase Mo concentration in the plant dry matter. Mo
concentration in the edible parts of two crops was less
than the harmful concentration.

1. INTRODUCTION

fertilizers or application as fertilizer.
Recently fertilizer factories have high
attention to produce high quality fertilizers

ertilization is a major practice of the
crops production. Micronutrients are
most important for crops growth
production and quality. Molybdenum (Mo)
is essential for (nearly) all biological
systems. The metal is biologically inactive
unless it is complexes by a special cofactor.
The main source of molybdenum to the
arable soils is the pollution with others

without pollution, so the sources of Mo in
the arable soils is decrease, in addition to the
antagonism between Mo and other ions
under the saline - sodic soil conditions.
Nutrient uptake and use efficiency in salt
affected soils is low due to salt stress and
negative interactions with cations and anions
present in high concentrations. Hence, a
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higher amount of nutrients is necessary in
salt affected soils compared to normal soils
according to Fageria et al. (2011).
Molybdenum is directly related to metabolic
function of nitrogen in the plant through
nitrate reductase enzyme that reduces the
nitrate to nitrite and this is the first step of
the incorporation of nitrogen to proteins
(Bambara and Ndakidemi, 2010).
Molybdenum occurs in the earth's crust and
in soils in extremely small quantities. The
average concentration of this element in the
lithosphere is about 2 mg kg™ and in soils it
typically ranges from 0.2 to 5 mg kg™ and
approximately 2 mg kg™ as an average. Two
of most important factors affecting the
availability of Mo are soil pH and the
amount of aluminum and iron oxides in soil.
Phosphorus enhances the absorption and
translocation of Mo by plants. High levels of
SO+ in the rooting media depress Mo
uptake by plants. Both copper and
manganese have been observed to act
antagonistically on Mo uptake. The nitrate
form of nitrogen apparently encourages Mo
uptake by plants (Tisdale et al., 2007).
Crops that are very sensitive to insufficient
Mo are the legumes, crucifers (broccoli,
Brussels sprouts, cauliflower, rapeseed, etc.)
and citrus. Other crops that are also sensitive
to a low Mo supply are beet, cotton, lettuce
spinach, sweet corn, sweet potatoes and
tomatoes (Elsharkawy et al., 2015). Faba
beans (Vicia faba, L.) are the third most
important legume after soya (Glycine max)
and pea (Pisum sativum). Similar to other
legumes, it contains high amount of lysine
rich protein (one of the essential amino
acids), carbohydrates and other essential
micronutrients. It can also be entitled as the
cheapest source of protein (Rahate et al.,
2021). Through its role in fixation of N by
legumes, Mo not only has a significant
impact on the yield of the crop but increased
the content of protein, chlorophyll, vitamins
and yield (Glowacka et al., 2019; Rana et
al., 2020). Cauliflower (Brassica oleracea)
is one of the highest antioxidative activity
vegetables because of its high content of
phytochemicals, such as glucosinolates,

vitamins, phenolic compounds and fibers,
which are principals for digestive system
health,  cauliflower have  enormous
nutritional and medicinal values due to its
high contents of vitamins; i.e., C, K, B5 and
B6, dietary fibers, folic acid, and minerals
such as K, Mg, P, Zn and Fe (Hossain et al.,
2018). There are varietal differences in the
susceptibility of crops to Mo deficiency. The
differential susceptibility of cauliflower
varieties to Mo deficiency is seemingly
unrelated to requirement for the nutrient, but
rather in their ability to extract soil Mo
(Mengel and Kirkiby, 1987). The highest
significant cauliflower values of curd fresh
weight, curd diameter, curd dry matter and
curd yield were observed in plants received
Mo at 50ppm. The response of all
cauliflower  quality — parameters  was
significantly affected by foliar application of
Mo. The maximum content of ascorbic acid,
carbohydrates, and sulfur were recorded
with foliar application of Mo at 50ppm
molybdenum treatments had high vegetative
grow the comparing with no treated plants
(Ali et al., 2019).

The objectives of the present study are to
investigate Mo concentrations and Mo
application methods on faba bean and
cauliflower as plants yield and quality under
salt affected soil conditions.

2. MATERIALS AND METHODS

Two experiments were conducted at
Experimental farm, Sakha Agric. Res.
Station (30.51°N and 31 O05°E during
2020/2021 autumn and winter seasons. One
pot experiment and the other one was field
experiment.

2.1 The pot experiment

This experiment was conducted under wire
house in the open conditions to investigate
the critical concentration of molybdenum on
cauliflower (Brassica oleracea, Var. Eris)
plants as high need and faba bean (Vicia
faba, Var. Rena mora) as low need plants
growth and symptoms of the deficiency,
perfect and toxicity. Faba bean seeds were
sown and cauliflower seedlings were
transplanted on 1% August, 2020 and
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irrigated. One plant of cauliflower and two
plants of faba bean per pot were done. Every
pot has a 30 cm diameter and 30 cm height
contain 10 kg washed sand. Irrigation with
equal quantities of nutrient solution contains
all the essential macro and micro nutrients
except molybdenum was done. The content
of nutrient solution was 250, 50, 200, 110,
45, 115, 65, 3, 1, 0.6, 0.2 and 0.2 mg L* of
N, P, K20, Ca, Mg, S, ClI, Fe, Mn, Zn, Cu
and B, respectively. The experimental
treatments were arranged in split plot design
was used with four replicates. The main
plots were assigned by two application
methods i.e. soil application and foliar
spraying. The sub plots were assigned by 6
molybdenum levels as shown in Table 1.
Molybdenum source was ammonium
molybdate 54% Mo and was diluted 10 times
to be its concentration 5.4% with using
Jawar flour (1:9) ammonium molybdate with
stable quantity flour in paper package in the
root zone.

Table 1: The experimental concentration of
molybdenum in both soil and foliar
applications for two tested plants

Soil Foliar
application spraying

Concentrations of

Mo level mg kg mg L
1 0 0
2 0.7 3
3 14 6
4 2.1 9
5 2.8 12
6 3.5 15

After the end of the pot experiments 15
November and make sure from the
concentration of the soil and foliar
application include deficiency, perfect and
toxicity concentration a field experiment
with the same concentrations and application
methods were conducted.

2.2 The Field experiments

A field experiment was carried out at Sakha
Agricultural Research Station farm during
the winter season 2020/2021 to make sure
the results of the pots experiment. Surface
(0-30 cm) soil samples were collected from
the field to determine some physical and

chemical, characteristics according to Black
et al. (1965) and Jackson (1973). It’s clear
from the results of soil analysis that the
experimental soil was saline sodic soils;
where EC more than 4, pH higher than 8.5
and SAR more than 15. Some physical and
chemical properties of the experimental soil
are presented in Table 2.

Faba bean seeds were sown and cauliflower
seedlings were transplanted on 1% December
2020. The plot area was 10.5 m? in both
crops (5 ridges x 0.6 m width and 3.5 m
long). Plants were sown in one side of the
ridges in faba bean 20 cm apart between
hills, while in cauliflower 33 cm apart
between seedlings. The micro plot area
contains 88 plants in faba bean, while it
contains 54 plants in cauliflower. Split plot
design was used with three replicates.

Table 2: Some physical, chemical and
nutritional properties  of  the
experimental soil at Sakha Station
during winter season of 2020/2021

Particle size distribution Soluble anions,
meq/L
Sand 26% HCO 3.13
Silt 20% Cl 40
Clay 54% SO, 20.73
Soil texture Clayey SO|U?T!|(;(;)/6.LUOHS,
EC 6.34
(soil past extract) dS/m K 3.1
pH (1:2.5) susp. 8.8 Na 52.6
ESP 21.43
SAR 26.04 Ca 5.16
O.M 1.59% Mg 3.0
Available nutrients mg.kg?
N 18
P 5
K 210
Mo *ND

* ND: not determined
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The main plots were assigned with two
application methods of soil application and
foliar spraying. The sub plots were assigned
by 6 molybdenum concentrations for soil
application and 6 concentrations for foliar
spraying. Molybdenum concentrations of
the soil application were 0, 0.7, 1.4, 2.1, 2.8
and 3.5 mg kgsoil. This equal 0, 3.24, 6.48,
9.72, 12.96 and 16.20 gm ammonium
molybdate per plot. In faba bean every
weight of ammonium molybdate per plot
divided into 44 paper package, one between
two plants. Another side of the plant package
contains 3.46 gm ammonium nitrate + 2.8
gm mono ammonium phosphate + 2.8 gm
potassium sulphate. In cauliflower every
weight of ammonium molybdate divided
into 27 paper package like the previous in
faba bean. But the other side paper package
contains 21 gm ammonium nitrate + 4.2 gm
mono ammonium phosphate + 4.2 gm
potassium sulphate. Foliar spraying was
conducted using 6 concentrations of Mo i.e
0,36 9 12 and 15 mg Mo L? in the
spraying solution, and repeated 4 times
every 10 days, where the first was carried out
at 30 days from sowing.

At harvesting, seeds and shoot of faba bean,
head and shoot of cauliflower and root of
each treatment were air dried for 3 days and
after that they were oven dried at 70 °C for
24 hours then they were grinded thoroughly
and kept for chemical analysis. Plant
samples were wet digested using sulfuric
acid and H202 procedure according to
Chapman and Pratt (1961). Molybdenum
was extracted from the collected soil
samples by EDTA, ammonium acetate
method according to Jackson (1973).
Molybdenum in the plant digestion and soil
extracts were measured by Inductively
Coupled Plasma Spectrometry (ICP)
(Ultima 2 jy plasma). Nitrate was
determined in cauliflower heads and shoots,
faba bean seeds and shoots for molybdenum
treatments by extracting with 2% acitic acid
and nitrate was measured calorimetrically
using spectrophotometer according to
Jackson (1973). Soil pH values were

determined in 1:2.5 soil: water suspension
by pH meter, EC was determined in soil
paste extract according to Page et al.,
(1982). Soluble cations and anions were
measured in the soil paste extract according
to Jackson (1973). Available nitrogen was
extracted of the soil samples by 1M KCI and
measured by Kjledhl method according to
Jackson (1973). Available phosphorus was
extracted by 0.5 N sodium bicarbonate and
calorimetrically determined using
spectrophotometer (spectro20) according to
Jackson (1973). Available potassium was
extracted by 1M ammonium acetate and
determined by Flam photo meter (Jackson,
1973). The obtained results were statistically
analyzed in randomized block at split plot
design according to Gomiz and Gomiz
(1982) using SPSS program and means were
compared by LSD test.

3. RESULTS AND DISCUSSION

3.1 The pot experiment

Data in Table 3 indicate that Mo foliar
spraying had the higher plant weight of
cauliflower (1274.15) gm/plant and faba
bean (196.07) gm/plant. This may be due to
foliar application in different physiological
stages was more effective in Mo absorption.
These results are agreed with Elsharkawy et
al. (2015) and Rashwan et al. (2021).

Analysis of variance showed highly
significant  differences  between the
molybdenum levels (Table 4). Plant weight
of cauliflower was increased gradually with
increasing Mo levels up to level of (2.1 mg
Mo ka-1in the soil application or 9 mgL-1in
the foliar), after that increasing Mo levels
gradually decreased cauliflower plant
weight, where the lowest value was
obtained with level of (3.5 mg kg* or 15 mg
L1). In the faba bean the increases in the dry
plant weight related to Mo levels was up to
level of (1.4 mg Mo kal in the soil
application or 6 mg L™ in the foliar), after
that increasing Mo levels led to decrease dry
plant weight. This means that the level of
2.1 mg kg soil application or 9 mg L*
foliar spraying is perfect for cauliflower
plant. Mo concentration lower than that
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level in considered Mo deficiency, which is
not application for plants and above that
level is toxicity to plants.

Table 3: Effect of Mo application methods on

plant weight (g/plant) of cauliflower

and faba bean

The cultivated plant

Application

methods Cauliflower, Faba bean,
g/plant g/plant

Soil applicatior 1251.11 173.03

foliar spray 1274.15 196.07

F test wx wx

As for faba bean, the level of 1.4 mg kg

soil application and 6 mg L™ foliar spraying
is perfect. At lower levels it's Mo
deficiency, and more than that level is toxic
to plants. These results are agreed with
Kandil et al. (2013)

Table 4: Effect of Mo concentrations on
plant weight (gm/plant) of cauliflower
and faba bean

Concentrations number The cultivated plant

Soil applicatior Foliar spray Cauliflower Faba bean

mg kg mg L? g/plant g/plant
0 0 1145.7 179.8
0.7 3.0 1256.8 210.8
1.4 6.0 1389.8 214.6
2.1 9.0 1499.9 191.1
2.8 12.0 1262.4 168.5
3.5 15.0 1020.9 142.2
F test *k kel
L.S.D 32.5 3.1
F test method x concentratio *ok *ok

Data in Table 5 show that, the interaction
between Mo application methods and
concentrations on plant weight of
cauliflower and dry plant weight of faba
bean. The results illustrate that level of 2.1
mg kg? in the soil application was the
perfect concentration for cauliflower, while
in the faba bean the perfect level was 1.4 mg
kg™. The levels lower than these doses were
considered as deficit condition, while
higher levels caused plant toxicity. In the
foliar spraying the perfect concentration
was 9 mg L? for cauliflower and 6 mg L*
for faba bean.

Methods in the pot and field experiment,
foliar application were the best in the pot
experiment. Unlike application for plants
and above that level is toxic to plants. As for
faba bean, the level of 1.4 mg kg soil
application and 6 mg L™ foliar spraying is
perfect. At lower levels it's Mo deficiency,
and more than that level is toxic to plants.
These results are agreed with Kandil et al.,
(2013).

3.2 The field experiment

Data tabulated in Table 6 showed that added
Mo as soil application was superior to foliar
application. Where the highest values of
faba bean fresh yield (6.7 t fed?) and fresh
shoot yield (1.4 t fed?) obtained with the
soil application. In comparison between the
application methods in the pot and field
experiments, foliar application was the best
in the pot experiment. Unlike the soil
application was the best in the field
experiment. This may be due to the washed
sandy soil in the pots had low cation
exchange capacity and in the field the soil
was clayey in texture had high cation
exchange capacity. These results are agree
with those obtained by Sary et al., (2020)
and Michel et al., (2020).

Table 5: The interaction effect between Mo
application methods and concentrations

on plant weight (gm/plant) of
cauliflower and faba bean
. Faba
Methods A::%d:d Cz(a;/l:)“aonvt\;er bean
' (g/plant)
0 1133.8 162.5
Soil 0.7 1264.7 185.8
o 1.4 1399.3 214.3
app"clftf?n 21 1500.1 187.1
(mg kg™) 2.8 1241.4 159.4
35 967.2 128.7
0 1157.7 197.1
3.0 1248.9 235.9
Foliar spray 6.0 1380.2 214.9
(mg LY 9.0 1499.8 195.1
12.0 1283.4 1775
15.0 1074.6 155.6
F test kel kel
L.S.D 45.9 4.4
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Table 6: Effect of molybdenum application

methods on faba bean fresh and dry

yields of shoots and pods (t fed™)

Fresh Dry Fresh Dry
Methods pods pods shoot shoot
yield vyield yield yield

Soil application 6.7 1.3 1.4 0.5
Foliar spray 49 09 11 0.3
F test ** ** ** *%*

Data in Table 7 showed that the perfect
concentration of Mo for faba bean, Fresh
pods yield, dry yield, fresh shoot yield and
dry shoot yield was 1.4 mg kg in the soil
application. While, it was 6 mg L? in the
foliar application. The concentration more
than this shows toxicity. This results are
agree with those of Glowacka et al., (2019).

Table 7: Effect of Mo concentrations on faba
bean fresh, dry yields (ton.fed) and
fresh, dry shoot yields (ton.fed™?)

Concentrations

fresh dry
Soail . fr_esh er shoot shoot
applicati Foliar yield yield yield yield
on (fnprj‘i’) (Uted)  (t/fed) (¢ fed) (¢ ffed)
(mg/kg) ™9
0 0 6.1 1.1 1.4 0.4
0.7 3 6.8 1.2 15 0.5
14 6 6.9 1.3 15 0.5
2.1 9 6.1 1.2 1.3 0.4
2.8 12 5.1 11 11 0.3
3.5 15 3.9 0.9 1 0.3
F test *% *%k ** **
L.S.D 0.082 0.086 0.087 0.036

Data tabulated in Table 8 showed that added
Mo as soil application have a superior
increase in the yield than foliar application,
where the highest values of cauliflower
fresh biomass (30.4 t fed?), fresh head
weight (14.6 t fed?) and fresh shoot weight
(15.8 t fed) were obtained with the soil
application. In the comparison between the
application methods in the pot and field
experiments, foliar application was the best
in the pot experiment. Unlike the soil
application was the best in the field
experiment. This may be due to the soil in
the pot was washed sand had low cation

exchange capacity and in the field the soil
was clayey in texture had high cation
exchange capacity. These results are agree
with those obtained by Singh et al. (2017)
and Hossain et al. (2018).

Table 8: Effect of Mo application methods
on cauliflower (fresh and dry) biomass
and shoot weights (t. fed™?)

Fresh Dry Head  Shoot

Methods  biomas biomas weigh weigh
S S t t

Soil

applicatio 30.4 1.9 14.6 15.8

n

Foliar 22.9 14 118 111
spray
F test ** ** ** **

Data in Table 9 show that, the perfect
concentration of Mo for cauliflower fresh
biomass, dry biomass, head weight and
shoot weight was 1.4 mg kg? in the soil
application, while it was 6 mg L in the
foliar application. The concentration rather
than this show toxicity. This results are agree
with Rihan et al., (2014).

Table 9: Effect of Mo concentrations on
cauliflower (fresh and dry) biomass
and shoot weights (ton/fed)

Concentrations

Soil Folia Fresh Dry Head  Shoot
S r biomas  biomass weigh  weigh
applicatio spray s , t t
mg/ t/fed t/fed t/fed t/fed
mg /kg L
0 0 222 15 114 10.8
0.7 3 26.8 17 139 12.8
14 6 33.9 1.9 16.5 17.3
21 9 28.7 1.7 144 14.3
28 12 25.7 15 12.6 13.1
3.5 15 22.6 1.4 10.4 12.2
F test *% *% *x *x
L.S.D 1.01 0.049 0.818 0.362
F test method x o o - x

concentration

Data in Table 10 show that Mo soil
application led to increase Mo
concentration in the shoot (0.75 mg kg™)
rather than the head (0.61 mg kg™?). While
the foliar application increased Mo
concentration in the head (1.87 mg kg?)
rather than the shoots (0.37 mg kg™). In faba
bean foliar application increased Mo
concentration in both seeds and shoots. This
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may be due to Mo absorption through the
leaves anchorage the storage in the
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head and seeds. Similar results were
reported by Campo et al. (2009).

From the data in Table 10 clear that Mo
concentration in the cauliflower heads and
faba bean seeds less than the harm full
concentration for the human health, where
the critical concentration for Mo 0.9 mg kg™
body weight day*, adult man 80 kg equal 72
mg Mo day? come from 38 kg cauliflower
heads day and from 4.8 kg faba bean seeds
day? according to Vysko¢il and Viau
(1999).

Table 10: Effect of application methods on
Mo concentrations of cauliflower shoot
and head (mg kg?) and faba bean seeds
and shoot (mg kg?)

Cauliflower Faba bean
Application Shoo Hea Seed Shoo
methods
Soil application  0.75 610 1092 7.99
Foliar spray 037 187 15.09 8.38
F test *x *x ** NS

Data in Table 11 show that Mo
concentrations (mg kg?!) was increased
gradually with increasing Mo concentration
in both application methods in both
cauliflower and faba bean. The lowest values
were obtained with the control treatment,
while the highest values were obtained with
the highest concentration (3.5 mg.kg™) in the
soil application and (15 mg kg?) in foliar
application in the two crops.

Table 11: Effect of Mo concentration level
on Molybdenum concentrations of
cauliflower shoot and head (mg kg*) and
faba bean seeds and shoot of (mg kg™)

Concentrations Cauliflower Faba bean
Soil Foliar
oIl spray  Shoot Head Shoot Head
application (mgL-
(mgkg™) f)’
0 0 010 015 883 221
0.7 3 0.15 0.18 10.08 450
14 6 0.28 051 1250 5.06
2.1 9 041 093 1356 6.65
2.8 12 0.83 153 1433 9.03
35 15 161 415 18.73 17.68
Ftest ** ** ** *
L.S.D 023 022 089 260
F test method x - . - *
concentration
4, COCLUSION

It can be concluded that there has been Mo
concentrations in the edible part for health
care. The best concentration for the high
yield and quality for the two crops was 1.4
mg kg in the soil application, while it was
6 mg L in the foliar application under the
saline sodic soil conditions. Concentration
of Mo in edible parts (cauliflower head and
faba bean seed less than the harmful
concentration for human and livestock. a
response to molybdenum fertilization to
improve the productivity and quality of
edible crops, such as faba bean and
cauliflower, under the salt affected soil
conditions. In the sandy soils foliar spraying
of Mo is better than soil application method.
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