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ABSTRACT
A field experiment was conducted to evaluate the effect of commercial Sulfuric acid, phosphorous,
iron, and zinc application on Phosphorus, Iron, Zinc Availability in Calcareous Soil and Yield of
Cabbage (Brassica oleracea L.), in an agricultural field at College of Agricultural Engineering Sciences
/ University of Baghdad / Iraq during the autumn season of 2021, in silty loam soil using Split Plot
Design in a randomized complete block design (RCBD) with three replicates. Sulfuric acid H,SO,
added with irrigation water at 0 and 2 ml L™. Phosphorus was added to the soil at (0, 50, 75 and
100%) from the recommended level (65 kg P ha™) as TSP (20% P), iron was added to the soil at 10 kg
Fe ha as FeSO,.7H,0 (20% Fe), and zinc was added to the soil at 5 kg Zn ha™ as ZnS0,.7H,0 (23
%2Zn). Results showed a significant effect of adding commercial sulfuric acid H,SO,, Phosphorus and
zinc fertilizers to the soil (2 ml L™ + 65 kg P ha™ + 5 kg Zn ha™) after 30 days of planting and after
harvest and achieved available phosphorus of 27.87 and 22.48 mg P kg™ soil and available iron of
7.197 and 7.210 mg Fe kg™ soil and available zinc of 1.907 and 1.883 mg Zn kg™ soil respectively, and
plant yield of 70.64 Mg ha™ with an increase of 81.12 % compared to control
Keywords: Acidified Water; Active lime; Calcareous Soil; Cabbage.
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INTRODUCTION

Iraqgi soils, due to its high content of carbonate
minerals and high soil pH, due to sorption and
micronutrients precipitation, which prompted
many researchers to use different methods to
increase the availability of these nutrients (7).
Therefore, recent studies tended to add soil
conditioners with acidic effect in order to
reduce the problems of these calcareous soils

and increase nutrients availability (19).
Sulfuric acid “ H»SO, * is one of the
commercial materials that used as a soil

amendments through its acts to reduce soil pH
and increase the availability of phosphorus and
most of the micronutrients, as it acts to
dissolve some nutrients compounds and
convert them into the available to plants
(3,4,30,31). Phosphorus is an essential nutrient
that is important for plant growth, its direct
role in most of the vital processes that take
place inside the plant. It also enters with
nitrogen in building cellular membranes such
as the plasma membrane, vacuole membrane,
chloroplast and mitochondria, and acts to
increase branching and root proliferation and
accelerates maturation and improves the
quality of crops. Phosphorus is involved as
phospholipids, inositol phosphate, nucleic
acids such as NAD and NADP and ATP and

this energy is formed as a result of
photosynthesis by phosphorylation or as a
result of  breathing by  oxidative

phosphorylation and NADPH; (6,17). Iron is
an essential micro-nutrients for plant, as it
plays an essential role in the processes of
respiration and photosynthesis, and it is
involved in the synthesis of the enzymes
Catalase, Nitrogenise, Peroxidase, Cytochrome
oxidase, NOs-reductase and dehydrogenase
enzymes, as well as contributing significantly
to the synthesis, representation of chlorophyll,
although it does not enter into its chemical
composition. It is important in the nutritional
metabolism of the cell, as it oxidizes sugars
and reduces nitrates to NH,", and this
reduction is related to the formation of amino
acids and proteins and to the representation of
RNA (6). Zinc is a vital micronutrient that
plays a crucial role in plant growth. It has been
observed that about 83% of soil in Irag
exhibits zinc shortage due to its susceptibility
to adsorption and precipitation within the soil
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matrix. Carbonate minerals, particularly in arid
and semi-arid regions, exhibit a specialized
affinity for zinc, which is essential for the
functioning of the enzyme Carbonic
anhydrase. This enzyme plays a crucial role in
chloroplasts by regulating soil pH and
safeguarding proteins against denaturation,
thereby preserving their structural integrity
and biological activity. Zinc is involved in the
formation of RNA and DNA and in the
formation and representation of protein as well
as has an important role in nitrogen transitions
(7). Cabbage (Brassica oleracea L.) is a
prominent leafy vegetable crop cultivated in
Irag throughout the winter season. It is
classified under the Brassicaceae family and
there is about 300 genders and 3,000 species
of this family all over the world, and is
cultivated primarily for the purpose of
obtaining heads formed by the wrapping of
leaves around the larger terminal bud.
According to recent data from the Food and
Agriculture Organization, there has been a
decline in Cabbage productivity per unit area
in Irag when compared to global cabbage
productivity. The global cultivated area
encompassed a total of 2,412,167 hectares,
yielding an average production rate of 28.76
Mg ha'. In contrast, Iraq’s cultivated area
amounted to 1121 hectares with an average
production of 11.19 Mg ha™ (14). The aim of
the study is to study the effect of commercial
Sulfuric acid, phosphorous, iron, and zinc
applications on Phosphorus, Iron, Zinc
availability in calcareous soil and yield of
Cabbage.

MATERIALS AND METHODS

A field experiment was carried out in one of
the agricultural fields/College of Agricultural
Engineering Sciences/ University of Baghdad,
during the autumn season 2021, the field
located within latitude 33 ° 270” north and
longitude 44° 390~ east, to study the effect of
Sulfuric Acid, phosphorous, iron, and zinc
applications on Phosphorus, Iron, Zinc
Availability in Calcareous Soils and Yield of
Cabbage wusing Split Plot Design in a
randomized complete block design (RCBD)
with three replicates in silty loam soil. One
blocks included 24 experimental units with
area of 6 m?. The experimental unit included
four lines of 2m in length, and 0.70 m apart,
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and spacing between each experimental unit
was 1m, and spacing between blocks was 2m,
and the distance between plants was 40 cm (20
plants in each experimental unit), so the
experimental units were 72. Soil samples were
taken before planting from the surface layer at
(0-30 cm depth). A representative sample was
taken to estimate some physical, chemical and
fertility analysis (Table 1). All Laboratory
analyses were performed in College of
Agricultural Engineering Sciences, University
of Baghdad, in addition to the laboratories of
the Ministry of Science and Technology.
Acidified water with commercial Sulfuric acid
H,SO, added at concentration of 0 and 2 ml L
! (30) with irrigation water using drip
irrigation system (Using two tanks, one for
normal water and the other for acidified water)
symbolized as A, and A; respectively,

phosphorus TSP (20% P) was added to the soil
at four levels (0, 50, 75 and 100%) from the
recommended rate (65 kg P ha™) symbolized
by Po, P1, P, and P3 respectively, Iron was
added to the soil using FeSO4.7H,0 (20% Fe)
at 10 kg Fe ha™ symbolized as S;. Zinc was
added to the soil using ZnSO,4.7H,0 (23 %Zn)
at 5 kg Zn ha™ symbolized as S,, and a control
treatment without addition it is symbolized as
So (the use of a saline fertilizer source for iron
and zinc represent the actual scenario affected
by soil pH which is the research problem).
Nitrogen fertilizer was added to the soil at 150
kg N ha™ as urea (46% N), while potassium
fertilizer was added to the soil at 125 kg K ha™
as K,SO, . Cabbage (Glob Master) was
transplanted on 2/10/2021, and the seedlings
were transferred to the field on 9/11/2021.

Table 1. Chemical, physical and fertility properties of the Soil

Soil Properties Value Unit
EC1:1 2.03 dsm*
pH 1:1 7.34 ;

Carbonate minerals 287.00 gkg? soil
Active lime 180.57 gkg? soil
Organic matter 11.10 gkg? soil

CEC 21.24 Cmol kg™ soil

Available N 41.08 mg kg™ soil

Available P 14.53 mg kg™ soil

Available K 207.49 mg kg soil

Available Zn ;(l)g mg kg™ soil

Available Fe ’ mg kg™ soil
Clay 202 g kg soil
Sand 155 g kg soil
silt 643 akg ™ soil

Texture Silty loam

RESULTS AND DISCUSSION

Soil pH after 30 and 60 days of planting:
The results of Tables (2,3) show a significant
effect of adding commercial sulfuric acid
H,SO,4 with irrigation water to the soil on soil
pH as A; achieved soil pH after 30 and 60
days of planting of 7.01 and 6.92 with an
increase of 6.27% and 5.78%, respectively,
compared to Ao which achieved soil pH of
7.45 and 7.32 respectively. The reason is
attributed to the increase in hydrogen ions. H*
in the soil solution which leads to lowering
soil pH (16,17), the results is good agreement
with (1, 31). Results of the same Table show
that there was no significant effect on soil pH
after 30 and 60 days of planting as a result of

adding iron and zinc to the soil. The results of
Tables (2,3) show a significant effect of
adding phosphorus to the soil in soil pH, as P
achieved soil pH after 30 and 60 days of
planting 7.11 and 6.97 with an increase of
4.07% and 4.87%, respectively compared to Py
which achieved soil pH of 7.40 and 7.31
respectively, the reason is attributed to the
acidic effect of TSP fertilizer which caused an
increase in soil pH as a result of the method of
manufacturing the fertilizer and the resulting
rock Phosphate interacts with phosphoric acid,
and thus, when it is dissolved in the soil
solution (12), the results is good agreement
with (36). The results of Tables (2,3) show a
significant effect for the triple interaction

1970
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between adding sulfuric acid H,SO, with
irrigation  water and fertilizing  with
phosphorus, iron and zinc to the soil in soil
pH, as A;P3S; achieved soil pH after 30 and 60
days of planting of 6.84 and 6.74 respectively
with an increase of 11.54% and 11.27%,
respectively, compared to AoP¢Sy which

achieved soil pH of 7.63 and 7.50
respectively. The reason is attributed to this is
until adding phosphate fertilizer, iron and zinc
fertilizers to the soil, and adding commercial
sulfuric acid H,SO, with irrigation water
contributed to reducing soil pH .

Table 2. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on soil pH after 30 days of planting

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) P So S S, AXxP
Ao Po 7.63 7.56 7.60 7.59

P, 7.56 7.50 7.46 7.50
P, 7.40 7.43 7.40 7.41
Ps 7.33 7.31 7.33 7.32
A Po 7.23 7.20 7.21 7.21
P, 7.13 6.93 6.94 7.00
P, 7.00 6.91 6.97 6.96
P3 6.95 6.84 6.92 6.90
Mean Sulfuric Acid H,SO, (A) Mean A XS Mean A
Ao 7.48 7.45 7.44 7.45
Aq 7.07 6.97 7.01 7.01
Mean Phosphorus (P) Mean P x S Mean P
Po 7.43 7.38 7.40 7.40
Py 7.34 7.21 7.20 7.25
P, 7.20 7.17 7.18 7.18
P 7.14 7.07 7.12 7.11
Mean Iron and Zinc (S) 7.27 7.21 7.22
LSD g5 A P S A*P
0.270 0.147 NS 0.231
LSD g5 AXS PxS AXPXxS
0.215 0.199 0.280

Table 3. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc

application on soil pH after 60 days of plantin

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So S S, AXP
Ay Py 7.50 7.46 7.50 7.48

P, 7.43 7.40 7.36 7.40
P, 7.33 7.26 7.20 7.26
P3 7.20 7.18 7.16 7.18
Ay Py 7.20 7.13 7.10 7.14
P, 7.00 6.96 6.93 6.96
P, 6.86 6.83 6.86 6.85
P, 6.76 6.74 6.80 6.77
Mean Sulfuric Acid H,SO,4 (A) Mean A x S Mean A
Ag 7.36 7.32 7.30 7.32
A 6.95 6.91 6.92 6.92
Mean Phosphorus (P) Mean P x S Mean P
Po 7.35 7.29 7.30 7.31
P 7.21 7.18 7.14 7.17
P, 7.09 7.04 7.03 7.05
P, 6.98 6.96 6.98 6.97
Mean Iron and Zinc (S) 7.15 7.11 7.11
LSD g5 A [ S A*P
0.242 0.135 NS 0.210
LSD g5 AXS PxS AXPXS
0.207 0.213 0.293

Active lime (g kg™ soil): The results of Tables
(4,5) show a significant effect of adding
commercial sulfuric acid H,SO4 with irrigation

1971
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achieved active lime after 30 and 60 days of
planting reached 140.5 and 102.9 g kg™ soil
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with an increase of 17.22% and 27.50%
respectively compared to Ao which achieved
active lime content of 164.7 and 131.2 g kg™
soil, respectively. The reason was attributed to
the role of sulfuric acid in dissolving the active
calcium carbonate minerals and releasing CO,
in the soil (30). The results is good agreement
with (2,31). Results of the same table show
that there was no significant effect in active
lime in the soil as a result of adding
phosphorus, iron and zinc to the soil. The

results of Tables (4,5) show a significant effect
for the triple interaction between adding
commercial sulfuric acid H,SO,4 with irrigation
water and fertilizing with phosphorus, iron and
zinc to the soil in active lime, as AiPsS;
achieved active lime in the soil after 30 and 60
days of planting reached 135.6 and 99.8 g kg™
soil with an increase of 24.77% and 35.47%
respectively compared to AoPeSy Wwhich
achieved active lime content in the soil of
169.2 and 135.2 g kg™ soil respectively.

Table 4. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on active lime in the soil after 30 days of planting (g kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) P) So S S, AxP
Ao Po 169.2 167.1 168.5 168.2

P, 166.4 164.4 165.1 165.3
P, 164.5 163.7 163.8 164.0
P3 162.9 161.5 160.3 161.5
Aq Po 145.0 143.6 142.4 143.6
P, 143.6 141.8 140.2 1418
P, 140.7 139.3 139.1 139.7
P3 138.9 136.1 135.6 136.8
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Ao 165.7 164.1 164.4 164.7
Ay 142.0 140.2 139.3 140.5
Mean Phosphorus (P) Mean P x S Mean P
Py 157.1 155.3 155.4 155.9
P, 155.0 153.1 152.6 1535
P, 152.6 1515 1514 151.8
P; 150.9 148.8 147.9 149.2
Mean Iron and Zinc (S) 153.9 152.1 151.8
LSD g5 A P S A*P
5.39 NS NS 8.53
LSD 05 AXS PxS AXPxS
8.89 NS 16.36

Table 5. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc

application on active lime in the soil after 60 days of planting (g kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So S S, AxP
Ao Po 135.2 132.8 131.3 133.1

P, 1338 131.0 130.5 1317
P, 132.0 130.6 129.2 130.6
P3 1313 128.9 128.4 129.5
Aq Po 106.2 105.9 105.1 105.7
P, 104.6 103.8 103.2 103.8
P, 102.7 101.3 100.9 101.6
Ps 100.8 100.7 99.8 100.4
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Ag 133.0 130.8 129.8 131.2
Ay 103.5 102.9 102.2 102.9
Mean Phosphorus (P) Mean P x S Mean P
Po 120.7 119.3 118.2 119.4
Py 119.2 117.4 116.8 117.8
P, 117.3 115.9 115.0 116.1
Ps 116.0 114.8 114.1 114.9
Mean Iron and Zinc (S) 118.3 116.8 116.0
LSD g5 A P S A*P
3.79 NS NS 8.07
LSD 05 AXS PxS AXPxS
9.47 NS 1091
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Available phosphorus (mg P kg™ soil): The
results of Tables (6,7) show a significant effect
of adding commercial sulfuric acid H,SO4
with irrigation water to the soil, as A; achieved
available phosphorus after 30 days of planting
and after harvest of 23.74 and 19.25 mg P kg™
soil with an increase of 9.45% and 15.54%
compared to A, which achieved available
phosphorous of 21.69 and 16.66 mg P kg™ soil
respectively, the reason is attributed to sulfuric
acid H,SO, works to reduce soil pH and
dissolve some phosphate compounds, turning
them from the unavailable to available form
for plants (16), the results is good agreement
with (1,4,21).The results of Tables (6,7) show
a significant effect of adding phosphorus to the
soil on available phosphorus, as P3 achieved
available phosphorus after 30 days of planting
and after harvest of 25.62 and 20.75 mg P kg™
soil with an increase of 35.91% and 43.69%
compared to the Py which having 18.85 and

14.44 mg P kg™ soil, respectively, the reason
is that TSP fertilizer increased the availability
of soil phosphorus due to its high solubility
and low pH (6), the results is good agreement
with (10 ,23). The results of the same table
showed a significant effect of adding iron on
soil, as S; achieved available phosphorus after
30 days of planting and after harvest 22.82 and
18.05 mg P kg™ soil with an increase of 5.55%
and 5.92% compared to the Sp which achieved
available phosphorus on soil of 21.62 and
17.04 mg P kg™ soil, respectively, the reason
is attributed to the addition of iron sulfate to
the soil could lead to decrease soil pH and
affect the solubility and availability of
phosphorus in the soil by dissolution of some
phosphorus compounds, as well as iron can
form insoluble compounds with phosphorus
leading to precipitation of phosphorus in soil
(29), the results is good agreement with (18).

Table 6. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on available Phosphorus in the soil after 30 days of planting (mg P kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So S; S, AxP
Ao Po 16.89 17.97 18.87 17.91

Py 19.51 21.24 22.70 21.15
P, 22.68 23.36 24.13 23.39
P3 23.27 24.35 25.40 24.34
Ay Po 18.05 20.04 21.31 19.80
Py 22.61 23.67 23.92 23.40
P, 24.09 25.06 25.49 24.88
P3 25.93 26.90 27.87 26.90
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Ao 20.58 21.73 22.77 21.69
Ay 22.67 23.91 24.64 23.74
Mean Phosphorus (P) Mean P x S Mean P
Po 17.47 19.00 20.09 18.85
Py 21.06 22.45 23.31 22.27
P, 23.38 24.21 24.81 24.13
P3 24.60 25.62 26.63 25.62
Mean Iron and Zinc (S) 21.62 22.82 23.71
LSD 505 A P S A*P
1.711 1.509 1.651 2.192
LSD g5 AXS PxS AXPXxS
2.096 2.295 3.239
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Table 7. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on available Phosphorus in the soil after harvest (mg P kg™ soil

Mean Phosphorus (P)

Po
P1
P2
Ps
Mean Iron and Zinc (S)
LSD 05 A
0.653
LSD 0.05 AXS
0.657

Sulfuric Acid H,SO,  Phosphorus Iron and Zinc (S) Mean
(A) (P) So Sl Sz AXP
Ao Po 1221 1342 1364 13.09
Py 1547 16.85 17.33 16.55
P, 16.93 1735 18.67 17.65
P3 1822  19.27  20.65 19.38
Ay Po 1482 16.02 16.56 15.80
Py 17.10 1835 19.18 18.21
P, 20.06 20.87 2174 20.89
Ps 2157 2231 2248 22.12
Mean Sulfuric Acid H,SO, (A) Mean A x S Mean A
Ao 1570 16.72 17.57 16.66
Ay 18.38 19.38  19.99 19.25

Mean P x S Mean P
1351 14.72 15.10 14.44
16.28 17.60 18.25 17.38
18.49 19.11  20.20 19.27
19.89 20.79 21.56 20.75
17.04 18.05 18.78

P S A*P
0.606  0.594 0.800
PxS AXPxS
0.972 1.355

The results of the same table showed a
significant effect of adding zinc on soil, as S,
achieved available phosphorus in the soil after
30 days of planting and after harvest achieved
to 23.71 and 18.78 mg P kg™ soil with an
increase of 9.66% and 10.21% compared to S
treatment  which achieved available
phosphorus of 21.62 and 17.04 mg P kg™ soil,
respectively, the reason is attributed to the
addition of zinc sulfate to the soil could lead to
reduce soil pH and affect the solubility and
availability of phosphorus in the soil by
dissolution of some phosphorus compounds, as
well as zinc can form insoluble compounds
with phosphorus leading to precipitation of
phosphorus in soil, thus increasing the
availability of phosphorus in the rhizosphere
(35), the results is good agreement with
(22,27). The results of Tables (6,7) show a
significant effect of triple interaction between
adding sulfuric acid H,SO, with irrigation
water and fertilizing soil with phosphorus, iron
and zinc on available phosphorus in the soil, as
A1P3S; achieved available phosphorus in the
soil after 30 days of planting and after harvest
of 27.87 and 22.48 mg P kg™ soil with an
increase of 65.00% and 84.11% compared to
AoPeSo which achieved available phosphorus

of 16.89 and 12.21 mg P kg™ soil respectively,
this is due to the sulfuric acid and p levels.

Available iron (mg Fe kg™ soil): The results
of Tables (8,9) show a significant effect of
adding commercial sulfuric acid H,SO,4 with
irrigation water to the soil in available iron in
the soil, as A; was achieved available iron
after 30 days of planting and after harvest of
6.805 and 6.652 mg Fe kg™ soil with an
increase of 10.273% and 12.402% compared
to Ao which achieved available iron of 6.171
and 5.918 mg Fe kg™ soil respectively. The
reason is attributed to the role of sulfuric acid
in dissolving some iron-containing
compounds, such as iron oxides and silicate
minerals, which leads to the liberation of iron
from those compounds into the soil solution,
as well as the dissolution of calcium carbonate,
which has a negative release instead in the
availability of micronutrients, including iron,
and thus increasing the availability of iron in
the soil, as well as the role of sulfuric acid in
reducing soil pH of the rhizosphere, which
made iron more available in the soil (17,33),
the results is good agreement with (2,21).The
results of Tables (8,9) show a significant effect
of adding phosphorus to the soil on available
iron in the soil, as P3 achieved available iron in
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the soil after 30 days of planting and after
harvest 6.911 and 6.781 mg Fe kg™ soil with
an increase of 17.654% and 20.422%
compared to Py which achieved available iron
5.874 and 5.631 mg Fe kg™ soil respectively,
this can due to the acidic effect of TSP
fertilizer which caused reducing soil pH and
increases the growth of roots and their
secretions of organic acids, which lead to a
decrease soil pH and chelation of iron, thus
increasing its availability in the soil (13), the
results is good agreement with (15). The

results of the same table showed a significant
effect of adding iron on soil, as S; achieved
available iron in the soil after 30 days of
planting and after harvest which achieved to
6.636 and 6.503 mg Fe kg™ soil with an
increase of 5.033% and 8.275% compared to
the Sy treatment which achieved available iron
of 6.318 and 6.006 mg Fe kg* soil
respectively, the reason is due to the iron
sulphate fertilizer containing iron which leads
to an increase in its concentration in the soil
(29), the results is good agreement with (18).

Table 8. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on available Iron in the soil after 30 days of planting (mg Fe kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So Sl Sz AXP
Ao Po 4.810 6.063 5.606 5.493

Py 5.825 6.281 6.155 6.087
P, 6.374 6.596 6.425 6.465
P3 6.643 6.752 6.531 6.642
Aq Po 6.128 6.352 6.285 6.255
Py 6.576 6.833 6.766 6.725
P, 7.024 7.020 7.145 7.063
P3 7.171 7.197 7.172 7.180
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Aq 5.913 6.423 6.179 6.171
Ay 6.724 6.850 6.842 6.805
Mean Phosphorus (P) Mean P x S Mean P
Po 5.469 6.207 5.945 5.874
P, 6.200 6.557 6.460 6.406
P, 6.699 6.808 6.785 6.764
P 6.907 6.974 6.851 6.911
Mean Iron and Zinc (S) 6.318 6.636 6.510
LSD g5 A P S A*P
0.362 0.244 0.105 0.350
LSD g5 AXS PxS AXPXxS
0.290 0.354 0.527

Table 9. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc

application on available Iron in the soil after harvest (mg Fe kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So Sy S, AXP
Ao Po 4.630 5.523 5.375 5.176

Py 5.369 6.054 5.716 5.713
P, 6.044 6.386 6.227 6.219
P3 6.437 6.565 6.690 6.564
Ay Po 5.762 6.318 6.181 6.087
Py 6.327 6.814 6.722 6.621
P, 6.686 7.159 6.864 6.903
P3 6.795 7.210 6.989 6.998
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Ao 5.620 6.132 6.002 5.918
Ay 6.392 6.875 6.689 6.652
Mean Phosphorus (P) Mean P x S Mean P
Po 5.196 5.920 5.778 5.631
= 5.848 6.434 6.219 6.167
P, 6.365 6.772 6.545 6.561
P3 6.616 6.887 6.839 6.781
Mean Iron and Zinc (S) 6.006 6.503 6.345
LSD g5 A P S A*P
0.176 0.257 0.292 0.323
LSD 05 AXS PxS AXPxS
0.308 0.393 0.521
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The results of the same table showed the effect
of adding zinc on soil, as S, achieved available
iron in the soil after 30 days of planting and
after harvest of 6.510 and 6.345 mg Fe kg™
soil with an increase of 3.038% and 5.644%
compared to the Sy treatment which achieved
available iron in the soil of 6.318 and 6.006
mg Fe kg™ soil respectively, the reason is
attributed to the role of zinc in activating
biological activities in the soil and by
increasing the absorption of iron from the soil
(28), the results is good agreement with (22).
The results of Tables (8,9) show a significant
effect of triple interaction between adding
commercial sulfuric acid H,SO,4 with irrigation
water and fertilizing soil with phosphorus, iron
and zinc on available iron in the soil, as
A1P3S; achieved available iron in the soil after
30 days of planting and after harvest of 7.197
and 7.210 mg Fe kg™ soil with an increase of
49.625% and 55.723% compared to AoPoSo
which achieved available iron in the soil of
4.810 and 4.630 mg Fe kg™ soil respectively.

Available zinc (mg Zn kg™ soil): The results
of Tables (10,11) show a significant effect of
adding commercial sulfuric acid H,SO,4 with
irrigation water to the soil on available zinc in
the soil, as A; achieved available zinc after 30
days of planting and after harvesting 1.604 and
1.565 mg Zn kg’ soil with an increase of
8.305% and 11.546% compared to Ao which
achieved available zinc of 1.481 and 1.403 mg
Zn kg™ soil respectively, the reason is due to
the role of sulfuric acid in dissolving some
compounds  containing  zinc, such as
carbonates and oxides, which led to the
reduction of calcium carbonate in the soil and
release of zinc from those compounds into the
soil solution, thus increasing the available zinc
in the soil, in addition to the role of sulfuric
acid in reducing soil pH in rhizosphere which
made zinc available in the soil solution (17),
the results is good agreement with (1,4,26).
The results of Tables (10,11) indicate that

1976

there were significant effect of adding
phosphorus in available zinc in the soil, as P3
achieved available zinc in the soil after 30
days of planting and after harvest achieved
1.772 and 1.721 mg Zn kg™ soil with an
increase of 49.66% and 47.72% compared to
Po which achieved available zinc in the soil of
1.184 and 1.165 mg Zn kg™ soil, the reason is
attributed to the acidic effect of TSP fertilizer
which caused reducing soil pH and increases
the growth of roots and their secretions of
organic acids, which lead to a decrease soil pH
in the rhizosphere and chelation of zinc, thus
increasing availability of zinc in the soil (13),
the results is good agreement with (27). The
results of the same table showed a significant
effect of adding iron on soil, as S; achieved
available zinc in the soil after 30 days of
planting and after harvest achieved of 1.514
and 1.460 mg Zn kg™ soil with an increase of
3.274% and 2.961% compared to Sy treatment
which achieved available zinc in the soil of
1.466 and 1.418 mg Zn kg™ soil respectively,
the reason is attributed to the role of iron in
encouraging root and vegetative growth, and
then increasing the ability of the roots to
absorb water and nutrients from the soil (8),
the results is good agreement with (18). The
results of the same table showed a significant
effect of adding zinc on soil, as S, achieved
available zinc in the soil after 30 days of
planting and after harvest achieved of 1.647
and 1.573 mg Zn kg™ soil with an increase of
12.346% and 10.930% compared to So which
achieved available zinc in the soil of 1.466 and
1.418 mg Zn kg™ soil respectively, the reason
is that zinc sulphate contains zinc which
increases the concentration of zinc in the soil
solution, as well as increasing plant root
secretions which acts to reduce soil pH and
chelate nutrients in the rhizosphere through the
release of siderophores which increase the
availability of zinc in the rhizosphere (7), the
results is good agreement with (24).
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Table 10. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on available Zinc in the soil after 30 days of planting (mg Zn kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) Sy S; S, AXP
Aoy Py 0.936 1.057 1.196 1.063

P, 1.382 1.489 1.572 1.481
P, 1.633 1.571 1.755 1.653
P3 1.720 1.676 1.785 1.727
Ay Py 1.260 1.249 1.409 1.306
P, 1.430 1.587 1.696 1571
P, 1.612 1.699 1.858 1.723
Ps 1.755 1.789 1.907 1.817
Mean Sulfuric Acid H,SO, (A) Mean A X S Mean A
Aq 1.417 1.448 1.577 1.481
A 1.514 1.581 1.717 1.604
Mean Phosphorus (P) Mean P x S Mean P
Po 1.098 1.153 1.302 1.184
P, 1.406 1.538 1.634 1.526
P, 1.622 1.635 1.806 1.688
P3 1.737 1.732 1.846 1.772
Mean Iron and Zinc (S) 1.466 1.514 1.647
LSD g5 A P S A*P
0.102 0.185 0.098 0.244
LSD g5 AXS PxS AXPXS
0.163 0.233 0.330

Table 11. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on available Zinc in the soil after harvest (mg Zn kg™ soil)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) P So S S, AXxP
Ay Po 0.901 1.057 1.153 1.037

P 1.250 1.365 1.522 1.379
P, 1.510 1.497 1.613 1.540
P3 1.672 1.620 1.679 1.657
Ay Po 1.207 1.259 1.413 1.293
P, 1.423 1.398 1.517 1.446
P, 1.660 1.735 1.810 1.735
P3 1.724 1.751 1.883 1.786
Mean Sulfuric Acid H,SO, (A) Mean A X S Mean A
Ag 1.333 1.384 1.491 1.403
A 1.503 1.535 1.655 1.565
Mean Phosphorus (P) Mean P x S Mean P
Po 1.054 1.158 1.283 1.165
Py 1.336 1.381 1.519 1.412
P, 1.585 1.616 1.711 1.637
Ps 1.698 1.685 1.781 1.721
Mean Iron and Zinc (S) 1.418 1.460 1.573
LSD g5 A P S A*PpP
0.063 0.101 0.036 0.126
LSD g5 AXS PxS AXPXxS
0.131 0.168 0.262

The results of Tables (10,11) show a
significant effect for the triple interaction
between adding sulfuric acid H,SO, with
irrigation water and fertilizing soil with
phosphorus, iron and zinc on available zinc as
A1P3S; achieved available zinc after 30 days
of planting and after harvest of 1.907 and
1.883 mg Zn kg’ soil with an increase of
103.73% and 108.990% compared to AoPSo

which achieved available zinc 0.936 and 0.901
mg Zn kg™ soil respectively.

Plant Yield: Results of Table (12) show a
significant effect of adding commercial
sulfuric acid H,SO,4 with irrigation water on
plant yield as A; achieved plant yield 59.58
Mg ha* with an increase 16.64 % compared to
A, which achieved plant yield 51.08 Mg ha™,
the reason is attributed to the role of sulfuric
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acid in enhancing the accessibility of nutrients
such as nitrogen, phosphorus, and potassium
for the plant. This is primarily due to the low
soil pH in the rhizosphere, which facilitates the
absorption of sulfuric acid and subsequent
increase in its concentration in the leaves.
Consequently, this increase in sulfuric acid
content leads to heightened activity of crucial
physiological processes and regulatory
mechanisms, this physiological response
contributes to an augmentation in plant yield
(30), the results is good agreement with
(1,2).The results of Table (12) show a
significant effect of adding phosphate to the
soil on plant yield, as P3 achieved plant yield
of 64.49 Mg ha with an increase of 41.23 %
compared with Py which achieved Plant yield
of 45.66 Mg ha*, the reason is the role of
phosphate fertilizer in facilitating plant growth
and the development of a robust root system
capable of penetrating the soil, this enables the
plant to enhance its absorption of available
nutrients from soil solution, which is crucial
for carrying out vital metabolic processes,
particularly carbon metabolism (6), the results
is good agreement with (5,8,23). Data of the
same table show a significant effect of adding
iron to soil as S; achieved plant yield of 56.12
Mg ha™ with an increase of 8.54 % compared

to Sp which achieved plant yield of 51.70 Mg
ha, the reason is due to the supply of iron to
the plant and its absorption by the plant, which
increased vegetative growth and nutrient
assimilation and increased chlorophyll content,
as well as the process of carbon metabolism
and then increase the weight of the head and
increase plant yield (8), the results is good
agreement with (11,32). The results of the
same Table show a significant effect of adding
zinc to soil, as S, achieved plant yield of 58.16
Mg ha with an increase of 12.49 % compared
to So which achieved plant yield of 51.70 Mg
ha™, the reason is attributed to the important
role of zinc in increasing the process of cell
division and the process of carbon metabolism
as a result of the availability of energy needed
to absorb water and nutrients, and increase
plant yield (13), the results is good agreement
with (9,34). Results of Table (12) show a
significant effect of triple interaction between
the addition of sulfuric acid H,SO, with
irrigation water and fertilization soil with
phosphorus, iron and zinc on plant yield, as
A;P3S, achieved plant yield of 70.64 Mg ha™
with an increase of 81.12 % compared to
AoPoSe which achieved plant yield of 39.00
Mg ha™.

Table 12. Effect of Irrigation with commercial Sulfuric acid, phosphorous, iron, and zinc
application on Plant Yield (Mg ha™)

Sulfuric Acid H,SO, Phosphorus Iron and Zinc (S) Mean
(A) (P) So S; S, AxP
Ao Po 39.00 41.67 43.34 41.33

Py 45.33 49.00 50.65 48.32
P, 50.66 53.67 55.64 53.32
P3 59.67 61.68 62.67 61.34
Aq Po 46.00 50.67 53.32 49.99
Py 52.01 57.65 59.35 56.33
P, 57.33 66.02 69.67 64.34
P3 63.65 68.67 70.64 67.65
Mean Sulfuric Acid H,SO, (A) Mean Ax S Mean A
Ao 48.66 51.50 53.07 51.08
Ay 54.74 60.75 63.24 59.58
Mean Phosphorus (P) Mean P x S Mean P
Po 42.50 46.17 48.33 45.66
Py 48.67 53.32 55.00 52.33
P, 53.99 59.84 62.65 58.83
P3 61.66 65.17 66.65 64.49
Mean Iron and Zinc (S) 51.70 56.12 58.16
LSD 505 A P S A*P
9.666 7.342 2.344 10.135
LSD 05 AXS PxS AXPxS
7.678 8.373 11.966

CONCLUSIONS

Results show that there were significant effect
of adding Sulfuric acid, P, Fe and Zn in soil on
available phosphorus, iron and zinc in the

1978

leaves after 30 days of planting and after
harvest. Sulphuric acid used in Iragi soil with
irrigation water, especially when commercial
sulphuric acid works to reduce soil pH and
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dissolve some phosphate, Iron and Zinc
turning them from the unavailable to available
form for plants.
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