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ABSTRACT
A field study was conducted during the spring season of 2020 in saline sodic soils with clay loam
texture, to study 16 combinations of phosphogypsum and humic acids. A randomized complete block
design according to the order of treatment added to the factorial experiment was used with three
replications. The experiment included the use of humic acids (HA;, HA,, HA; and HA,;) and
phosphogypsum (G, G,, Gs, and G,) in four levels (0.5, 1.0, 1.5, 2.0 g L™) for both of them mixed in
washing water to make 16 combinations, in addition to washing with a commercial clean salt (CS)
treatment and Euphrates water only (W) to become 18 treatments. All experimental units were
washed with enriched water with combinations and with a commercial clean salt and water. The
results showed that washing with HA,G, combination showed the highest significant increase in
Calcium and Magnesium concentration, which reached 194.20 and 60.40 mmol L™ compared to the
rest of the combinations. Also there was a significant decrease in the Sodium adsorption ratio, which
reached 0.83. Combination HA,G4 gave a highest significant increase in plant height, dry matter
weight, grain yield, the weight of 300 grains, and an increase of 84.605%, 67.00%, 190.79%, and
67.92% compared to washing with water alone (W), respectively. The same combination also showed a
highest significant increase in the Nitrogen, Phosphorous, and Potassium content of grains, with an
increase of 26.23%, 133.83%, and 150.68% compared to washing with water (W), respectively.
Keywords: calcium, magnesium, sodium, clean salt, kernels
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INTRODUCTION

Soil salinity is a major factor threatening the
ability of crops to support the increasing
population growth, and it is one of the biggest
global agricultural problems at present due to
damage it causes to arable lands and thus the
resulting  disruptions in  growth and
productivity of plants in quantity and quality at
the local and global level. In central and
southern Iraq the area of land affected by
salinity are increases to nearly 50% of arable
land (15). The salts affect many aspects of
plant physiology, as they reduce its ability to
absorb the necessary nutrients, decrease its
growth rate, decrease its height, its mass
weight, and its products (13). Corn is
considered cornerstone crop that affects
positively food security in lIrag (9).
Unfortunately; because maize is susceptible to
soil salinity, the quality of the kernels is
affected (10, 11, 12) Addition of humic acids
in different concentrations to saline water gave
good results in yield and components of corn
yield. Phosphogypsum is a good source of
calcium ions (CaS04.2H,0) (23, 33). When
added by mixing it with irrigation water or
directly to soil, Calcium displaces and replaces
the  monovalent  Sodium  present  on
exchangeable sites, which leads to a decrease
in Sodium adsorption ratio. (1, 16, 17, 20).
Humic acids the important compounds
responsible for many chemical processes that
take place in soil, reducing the pH value of
soil, as well as containing functional groups,
including hydroxyl and carboxylate, which
have a role in facilitating the process of
washing salts through the formation of
complexes with single and diagonal cationic
salt ions (19, 28, 29, 32). This study was
aimed to find out the effect of washing saline-
sodic soil with different combinations of
phosphogypsum and the growth and yield of
corn.

MATERIALS AND METHODS

This study was conducted during spring season
of 2020 in fields of College of Agriculture,
University of Anbar, in a saline-sodic soil with
clay loam texture and classified according to
the modern American classification within the
rank Typic Torrifluvents. Table 1 shows some
chemical and physical properties of the soil
before washing Table 2 shows some chemical
characteristics for  Phosphogypsum  and
commercial clean salt. Plowing,
smoothing, and soil leveling were carried out.
Then the field was divided longitudinally into
three blocks. Each block contains 18
experimental units and with an area of 6
square meters with dimensions of 2 x 3 m. The
experiment was carried out using factorial
experiments within Randomized Complete
Block Desing with three replications. The
combination included the use of humic acids
(HA) with four levels (0.5, 1.0, 1.5, 2.0 g I'"),
Phosphogypsum (G), with four levels (0.5, 1.0,
1.5, 2.0 g I'") mixed in washing water to
become 16 combinations, in addition to
washing with a commercial clean salt (CS) and
Euphrates water only (W). The soil washing
process was carried out before planting and
after adding study blends through 18 water
tanks, one tank capacity of 1000 | tank™,
meaning for each combination of one water
tank. Washing water was added with a volume
equivalent to twice the pore volume of the soil
to a depth of 30 cm, to reach a suitable salinity
level for cultivating the corn crop, so that the
total volume of washing water was 1507.75 |
plot?, added in two batches before planting,
then the electrical conductivity, concentration
of Calcium, Magnesium, and sodium were
determined and the Sodium adsorption ratio
was calculated in the soil, and the
experimental units were planted with seeds of
corn (Zea maize L.) (Maha).

Table 1. Some chemical and physical properties of soil

ECuy PHuy  Na' ca® Mg® K’ o.M CaCO;  CaSO,.2H,0 CEC
(dSm (mmol I (Cmol kg™
D) (g kg™ soil)
14357 7.78 88236 213.86 4425 2.20 2.33 230.14 — )28.24
SAR ESP N P Bulk density Texture (g kg™)
Available (Mg m’®) sand silt Clay
(mg kg™)
418.00  283.00  299.00
1340 clay loam
54.94 4144 65.27 8.34
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Table 2. Some chemical properties of phosphogypsum and clean salt

Phosphogypsum Clean Salt
ECi1(dSm?Y)  pHy,  Ca®  Mg®  Na' K* N ca”*
mmol I** %
3.89 5.67 65.13 11.04 0.32 2.11 10 14

in 15/3/2020. at the field of rows, the length of
row is 3.0 m, the distance between the rows is
0.50 m, an average of 5 rows per unit of
experimental, each distance of 0.25 m from the
other. Fertilization operations included the
addition of phosphorus at a level of 200 kg P
ha® in form of mono superphosphate, while
urea was added at a rate of 320 kg N hectare™
(46% N) in three batches, the first at planting
and the second after 45 days from the
emergence of the seeds and the third, after 85

days, according to the fertilizer
recommendation for the corn crop (5). Field
management plant continued throughout

growing season, as the irrigation process was
organized with equal quantities of water from
the Euphrates River for all commercial units
and according to the plant's need, with an
addition of 10% as leaching requirements.
Plant height was measured and the crop was
harvested, and average dry  weight
measurement of 10 plants representing the
experimental unit was taken. As for the yield
measurements, the same plants represented
above were collected and dried according to
grain yield per hectare, the weight of 300
grains, and the grain samples were dried at a
temperature of 65 °C for 24 hours, then milled
and prepared for chemical analysis, the
Nitrogen, Potassium and Phosphorus content
of corn seeds were estimated according to the
approved methods. The data were analyzed
according to an Augmented factorial design in
RCBD. The means were compared according
to the LSD test at a probability level of 0.05.
RESULTS AND DISCUSSION

The concentration of Calcium, Magnesium,
Sodium, Sodium adsorption ratio and
electrical conductivity after washing

Table 3 shows significant increase in the
concentration of calcium in the soil when
washing it with a commercial clean salt, as it
reached 26.85 mmol I with an increases of
126.58% compared to washing with river
water (W). As for washing with combinations
of humic acids and phosphogypsum, it is
noticed that there was a significant increases in
the concentration of Calcium when increasing
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the level of addition of humic acids with the
increases in the level of phosphogypsum in the
combination, as washing with HA;G,4 gave the
highest significant increases in the calcium
concentration, which reached 194.20 mmol I*
compared to washing with the rest of the
combinations of  humic acids and
phosphogypsum. While washing with HA;G;
combination gave the least significant
increase, in which the Calcium concentration
was 41.91 mmol 1" compared to washing with
the rest of the humic acid and phosphogypsum
combinations. The reason for the increases in
calcium concentration with the increase in
phosphogypsum could be due to the increases
in the saturation of the soil solution with ions
resulting from  the  dissolution  of
phosphogypsum, which leads to an increases
in its concentration in the soil (18, 30). As for
the reason for the increases in the
concentration of calcium in the soil solution
when increasing the level of addition of humic
acids, it is attributed to the fact that it contains
effective functional groups such as carboxyl
and hydroxyl that work to form complexes
with Calcium with low movement, and thus
the chance of washing it out of the soil
decreases (24, 26, 27). These results are
consistent with (2) they indicated that the
Calcium concentration was increased by
adding phosphogypsum and humic acids
mixed with the soil. Table 3 shows that
there was a significant increase in
concentration of Magnesium in soil when
washing it with a commercial clean salt, it
was reached 45.40 mmol I, with an increases
of 363.26% compared to washing with river
water (W). As for washing with humic acid
and phosphogypsum combinations, HA;G,4
combination gave the highest significant
increases in Magnesium concentration, which
reached 60.40 mmol I when increasing the
level of humic acid addition, with an increases
in level of phosphogypsum in mixture
compared to doses washing with the rest of
humic acid and phosphogypsum combinations.
While washing with HA;G; combination gave
the least significant increases, in which the
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Magnesium concentration reached 26.60 mmol
I* compared to washing with the remaining
humic acid and phosphogypsum combinations.
The reason for the increases in Magnesium
concentrations when increasing the level of
phosphogypsum in washing water could be
due to phosphogypsum contains a percentage
of magnesium in its composition, and thus its
increase led to the saturation of the soil

solution with magnesium ion (18, 30). The
reason for the increases the concentration of
Magnesium in soil solution when increasing
the level of addition of humic acids, could be
due to contains functional groups such as
carboxyl and hydroxyl that can form
complexes with Magnesium, which are less
mobile compared to the complexes formed

Table 3. Effect of washing of saline sodic soil with combinations of humic acids,
phosphogypsum, river water and commercial clean salt on some soil chemical properties

humic acids (g phosphogypsum (g I EC mmol I
I D) combination dSm® SAR Ca?t Mg? Na*
G; (0.5) HA;G; 17.83 8.87 41.91 26.60 77.19
HA; (0.5) G, (1.0) HA,G, 19.33 7.23 58.50 35.80 69.74
Gz (1.5) HA,G; 23.92 5.98 92.20 40.10 53.79
G4 (2.0) HA,G, 26.63 4,93 106.67 51.70 44,32
mean G, 13.96 5.64 58.26 209.8 44.86
mean HA, 21.93 6.75 74.82 38.50 61.26
G;(0.5) HA,G; 14.98 5.98 43.26 28.80 45.98
HA, (1.0) G, (1.0) HA,G, 15.84 5.24 69.55  37.40  42.10
G; (1.5) HA,G; 16.92 3.55 101.15  45.90 40.83
G, (2.0) HA,G, 19.98 1.96 117.19  55.00 32.88
mean G, 15.81 4.69 87.21 44.80 40.98
mean HA, 16.93 4.18 82.79 41.80 40.45
G;(0.5) HAz,G, 11.62 4,75 52.70 30.80 32.72
HA; (1.5) G, (1.0) HA:G, 14.88 3.68 90.56 40.10 31.00
Gz (1.5) HA:G; 16.15 3.35 102.22 43.30 28.92
G4 (2.0) HA:G,4 18.11 1.26 119.35 57.10 18.26
mean Gz 18.21 2.24 169.07 49.60 35.99
mean HA; 15.19 1.95 91.21 42.80 27.73
G, (0.5) HA,G; 11.42 2.97 95.18 32.90 23.55
HA, (2.0) G, (1.0) HA,G, 13.18 261 13023 4480  21.09
Gs (1.5) HA,G; 15.83 1.40 169.07 49.60 20.42
G4 (2.0) HA,G, 17.05 0.83 194.20 60.40 14,52
mean G, 20.44 2.24 134.35 56.10 27.50
mean HA, 14.37 1.95 147.17 46.90 19.90
W 11.23 23.57 11.85 9.80 107.89
CS 14.28 15.28 26.85 45.40 93.26
LSDg 0.02 0.07 1.57 11.30 0.74
LSDua 0.02 0.07 1.57 11.30 0.74
LSDgsna 0.04 0.13 3.14 22.61 1.47

with the Sodium ion, and thus the chance of
washing it outside the soil (24, 26, 27). These
results are consistent with (2) They indicated
that the concentration of Mmagnesium
increased by adding phosphogypsum and
humic acids mixing with soil. Table 3 also
shows that a significant decreases in the
sodium concentration in the soil occurred
when washing it with a commercial clean salt,
as it reached 93.26 mmol I with a decreases
of 13.56% compared to washing with river
water (W). As for washing with humic acid
and  phosphogypsum  mixtures, HA4G4
combination gave the highest significant
decreases in Sodium concentration, which
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reached 14.52 mmol I when increasing the
level of humic acid addition, in addition to the
increases in the level of phosphogypsum in the
mixture compared to washing with the rest of
humic acid and phosphogypsum combinations.
Whereas, washing with HA;G; combination
gave the least significant decreases, in which
the sodium concentration was 77.19 mmol I*
compared to washing with the rest of humic
acid and phosphogypsum combinations. The
reason for the decrease in sodium
concentrations when increasing the level of
addition of phosphogypsum could be due to
the presence of a di-charged Calcium ion in its
composition, which leads to the displacement
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of the monovalent Sodium ion from the
exchange surfaces, and thus the Sodium
concentration decreases (1, 17, 30). As for the
reason for increase in concentration of Sodium
in the soil solution when increasing the level
of humic acid addition, it is because Sodium
forms easy-to-move complexes in the soil with
functional groups such as carboxyl and
hydroxyl in contrast to the complexes formed
by Calcium and Magnesium ions, which are
less mobile in the soil, (24, 26, 27). These
results are consistent with (2) they indicated
that Sodium concentration was reduced by
adding phosphogypsum and humic acids
mixed with soil at different levels. Table 3
shows the effect of washing with combinations
of humic acids, Phosphogypsum, and a
commercial clean salt on the sodium
adsorption ratio. It was noted from the Table a
significant decreases in the Sodium adsorption
ratio when adding a commercial clean salt
(CS) to washing water, as the Sodium
adsorption ratio reached 15.28, with a decrease
It reached 35.17% compared with washing
with water treatment (W). Soil washing with
HA,G, combination showed the highest
significant decrease in the sodium adsorption
ratio, which reached 0.83, with a decrease of
94.56% and 96.47% compared to the two
treatments of soil washing with commercial
clean salt (CS) and washing with water
treatment whereas, washing with HA;G;
combination gave the least significant
decreases, as the Sodium adsorption rate
reached 8.87, with a decreases of 41.62 and
62.36% compared with washing with a
commercial clean salt (CS) and washing with
river water (W), respectively. In reducing the
Sodium adsorption ratio on all the washing
mixtures by 90.64% compared to HA;G;
leaching mixture. The substitution thus
decreases the Sodium adsorption ratio (17, 18,
30). Table 3 also shows that a significant
increases in the electrical conductivity of the
soil occurred when adding a commercial clean
salt to the washing water, as the electrical
conductivity reached 14.28 dS m™, with an
increases of 27.15% compared to its value
when washing with river water (W), in which
the electrical conductivity was 11.23 dS m™.
Soil washing with HA;G4 combination showed
the highest significant increase in electrical
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conductivity, reaching 26.63 dS m™, with an
increase of 86.48% and 137.13% compared to
the two treatments of soil washing with
commercial clean salt (CS) and washing with
water (W), respectively, When washing with
HA,G;1 combination gave the least significant
increase, as the electrical conductivity reached
11.42 dS m™, with an increases of 1.69%
compared to the washing with river water (W),
according to the order. HA;G; had a
significant  increases in  overall wash
combinations, by 132.98% compared to the
combination. The washing of HA;G; in which
the electrical conductivity was 11.42dS m™.
The reason for the increases in the electrical
conductivity values with the increases in level
of phosphogypsum in the mixture is due to the
increase in saturation of the soil solution with
ions Ca?* and SO,”,which leads to an
increases in concentration of electrolyte
solution thus increases the electrical
conductivity values (18, 30). As for the reason
for the decreases in the electrical conductivity
values with the increases in the level of humic
acids in the combination, it is attributed to the
fact that humic acids contain functional groups
such as carboxyl and hydroxyl that form
complexes with Sodium that are easy to move
while the complexes formed with Calcium are
less mobile, and thus the values of electrical
conductivity decreases (24, 26, 27). These
results are consistent with (2, 11, 25) who
indicated that the electrical conductivity values
increased with addition of phosphogypsum to
soil, and decreased when humic acids were
mixed with soil.

yield and some of its components of corn
crop: Table 4 shows the effect of
combinations of humic acids, phosphogypsum,
water, and a commercial clean salt on plant
height (cm), and from it is noticed that there
was a significant increases in plant height of
corn plants when adding a soil wash treatment
with a commercial clean salt (CS), where the
plant height reached 123.67 cm. with a
percentage of 12.09% compared with the
washing with water treatment (W), in which
the plant height was 110.33 cm. Soil washing
with HA4G4 combination showed the highest
significant increases in plant height, reaching
203.67 cm, and an increase of 64.69% and
84.60% compared to two treatments of soil
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washing with commercial clean salts (CS) and
washing with water treatment (W), in which
the plant height reached 123.67 and 110.33
cm, respectively, while washing with HA;G;
combination gave least significant increase, as
the plant height reached 137.33 cm, with a rate
of 11.04%, 24.47% compared with the soil
washing treatment. With a salinity processor
commercial clean salts (CS) and wash with
water (W), respectively. HA,G, exceeded all
wash blends with a significant increases of
48.30% compared to HA;G; washing
combination, which reached a height of 137.33
cm. These results are consistent with findings
of (2) they indicated that there was a
significant increases in plant height when
humic acids and phosphogypsum were mixed
with the soil at different levels. The reason for
the increases in corn plant height when
increasing the level of addition of humic acids
could be due to its important role in activating
cell division and stimulating the metabolic
processes of plant. This leads to an increase in
growth of the growing apex, elongation of
plant cells, and then an increase in plant
height, in addition to increasing the readiness
of nutrients in soil, and then increasing their
absorption by the roots of the plant, as well as
the role of humic acids in enhancing plant
resistance to salt stresses and reducing the
effect of toxic elements in plants (14, 18, 21,
22). As for the reason for the increase in maize
sprouts when increasing the addition of
phosphogypsum to the washing water it is
attributed to its effect on reducing the effect of
Sodium by replacing Sodium with Calcium
present in Phosphogypsum and reducing pH,
which is positively reflected in readiness of
nutrients (8). These results are consistent with
(2, 3, 4) they indicated that plant height
increased by adding humic acids and
phosphogypsum mixed with soil at different
levels.Table 4 also shows, washing with
HA;G; combination showed the least
significant increases in weight of dry matter
yield of the plant, which reached 1059 g plot’
! with an increases of 33.88% compared to the
treatment of washing soil with water (W), in
which the weight of the dry matter yield of the
plant reached 791 g plot™, while the same
combination did not show a significant
increases compared to soil wash treatment
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with the commercial salinity treatment (CS).
Washing with HA;G, combination showed the
highest significant increases in dry matter
yield, which reached 1321 g plot?, with an
increase of 39.78% and 67.00% According to
the two treatments of soil washing with a
commercial clean salt (CS) and washing with
river water (W), in which the weight of the dry
matter yield of the plant reached 945 and 791
g plot™ could be due to the order, it is noticed
from the tabley that a non-significant increases
in average weight of the dry matter yield of
corn plants when the addition of commercial
clean salt (CS) treatment to washing water,
compared with the washing with river water
treatment (W), while washing the soil with a
combination HA,;G; gave least significant
increase in the weight of dry matter yield of
the plant, as it reached 1059 g plot™?, and by
22.96% compared with the treatment Soil
washing with a commercial clean salt (CS)
that has reached a shared weight Plant dry
matter 945 g plot™. The HA4G, combination
significantly increased all the washing blends,
with a percentage of 24.74% compared to the
HA;G; wash formula, in which the average
plant dry matter yield was 1059 g. The reason
for the increase in weight of the dry matter
yield of maize plant when increasing the level
of humic acids of leaching combinations is due
to their role in activating cell division, and
increasing the permeability of cell membranes,
which leads to the ease of transport of
nutrients to the sites that require their
presence, thus improving growth and its role in
increasing the readiness of elements Important
nutrients in vegetative growth (14, 21, 22). As
for the reason for increases in weight of dry
matter yield in corn plant, by increasing levels
of phosphogypsum in mixture, it is because
phosphogypsum works to reduce the effect of
Sodium and reduce the pH, which was
positively reflected on readiness of nutrients
and the plant growth characteristics. (8). These
results are in agreement with (2) they indicated
that the weight of dry matter yield of the
barley crop was increased by adding humic
acids and phosphogypsum mixed with soil at
different levels. Table 4 shows that there was
a significant increases in the grain yield (Mg
ha™), as washing with a combination HA,G,
showed the highest significant increases in
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grain yield, reaching 9.66 Mg ha™, with an
increases of 115.69% and 190.79% compared
to two treatments of soil washing with a
treated treatment a commercial clean salt (CS)
and washing with river water treatment (W), in
which the grain yield was 4,48 and 3,32 Mg
ha, respectively, while washing with HA;G;
combination gave least significant increase, as
grain yield reached 4,58 Mg ha®, with a
percentage of 2.38% and 38.03%, compared
with treatment of soil washing with a
commercial clean salt (CS) and washing with
river water (W). It can be noted from Table 4,
there was a significant increases in the grain
yield when washing with a commercial salinity
treatment (CS), in which the grain yield was
4,48 Mg ha™, with an increase of 34.81%
compared to the washing with water treatment
(W), in which the grain yield reached 3,32 tons
ha™, according to the order. The reason for

increases in the grain yield when increasing
the level of addition of humic acids; attributed
his role in increasing the transport of nutrients
to sites that require their presence as well as

his role in increasing the readiness of
important  nutrients such as Nitrogen,
Phosphorous and Potassium, improving
physiological growth, and biochemical

reactions (14, 21, 22). As for the reason for the
increases in the grain yield when increasing
the level of addition of phosphogypsum, it is
attributed to its effect on reducing the effect of
Sodium content and reducing the pH, which
was positively reflected in nutrient readiness
and plant growth characteristics, which led to
an increases in grain yield (8). These results
are consistent with (2) they indicated that the
grain yield was increased by adding humic
acids and phosphogypsum mixed with the soil
at different levels.

Table 4. Effect of washing a saline sodic soil with combinations of humic acid and
phosphogypsum, commercial clean salts and river water on the yield and some components of

the Maize
humic acid phosphogypsum Plant Dry Grain Weight of 300
(g1 @1 combination height) matter yield grain (g)
(cm)  (gploth) (Mgha?)
G, (0.5) HA;G; 137.33 1059 4.58 42.56
HA; (0.5) G, (1.0) HAG, 139.33 1068 5.25 43.97
Gs (1.5) HAG; 141.33 1090 5.38 48.03
G4 (2.0) HAG, 145.00 1093 5.84 48.89
mean G, 168.17 1181 7.13 52.25
mean HA, 140.75 1078 5.26 45.86
G; (0.5) HA,G; 159.00 1162 6.68 50.33
HA, (1.0) G, (1.0) HA,G, 165.67 1167 7.23 53.06
G; (1.5) HA,G; 168.33 1182 7.36 53.91
G, (2.0) HA,G, 173.67 1188 7.66 54.81
mean G, 172.17 1188 7.53 53.77
mean HA, 166.67 1175 7.23 53.02
G, (0.5) HAzG; 180.00 1206 7.80 55.44
HA; (1.5) G, (1.0) HASG;, 182.67 1212 8.07 56.97
G;(1.5) HA3G; 186.67 1226 8.54 58.20
G, (2.0) HA;G, 188.33 1237 9.27 59.02
mean G; 174.75 1204 7.72 55.53
mean HA; 184.42 1220 8.42 57.41
G; (0.5) HA,G; 196.33 1298 9.48 60.68
HA, (2.0) G, (1.0) HA,G, 201.00 1305 9.58 61.07
G; (1.5) HA,G; 202.67 1316 9.61 62.00
G4 (2.0) HA,G, 203.67 1321 9.66 62.94
mean G, 177.67 1210 8.11 56.41
mean HA, 200.92 1310 9.58 61.67
w 110.33 791 3.32 37.48
Cs 123.67 945 4.48 39.95
LSDg 3.48 11 0.16 0.47
LSDya 3.48 11 0.16 0.47
LSDg+pa 6.96 21 0.33 0.94

Table 4 also shows that washing with HA;G4
combination showed the highest significant
increase in the weight of 300 grains, which
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reached 62.94 g, with an increase of 57.54%
and 67.92% compared to the two soil washing
treatments with commercial clean salt (CS)
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and washing with water treatment (W), in
which the weight reached 300 grain of 39.95
and 37.48 g, respectively, while washing with
a combination HA;G; gave the least
significant increase, with a weight of 300
grains of 42.56 g, with a ratio of 6.53% and
13.55%, compared with the soil washing
treatment with a commercial clean salt (CS)
and washing with water (W.) as well. It is
noted from the table that there was a
significant increase in the weight of 300 grains
of the corn crop when adding the washing
treatment with a commercial clean salt (CS), in
which the weight of 300 grains reached 39.95
g, and by 6.59% compared to the water
washing treatment (W), in which the weight of
300 grains reached 37.48%, respectively. The
HA,G, combination exceeded significantly all
the wash combinations, with a significant
increase of 47.88% compared to HA;G1, with
a weight of 300 grains of 42.56 g. The reason
for the weight gain of 300 when increasing the
level of addition of humic acids is attributed to
the role of humic acids in Increase nutrient
transport to sites requiring It also has a role in
increasing the readiness of important nutrients
such as nitrogen, phosphorous, and potassium,
improving  physiological  growth, and
biochemical reactions leading to an increases
in the protein content of grains (14, 21, 22).
The reason for increasing the weight of 300
grains of the corn crop when increasing the
level of addition of phosphogypsum; It was
attributed to its effect on reducing the effect of
sodium through the ion exchange between
Calcium and Sodium and reducing the pH,
which was positively reflected in readiness of
necessary nutrients, which was reflected in the
weight of grains (8). These results are in
agreement with (2) they indicated that the
weight of 300 grains increased with the
addition of humic acids and phosphogypsum
mixed with the soil at different levels.

Grains content of nitrogen, phosphorous,
and potassium : Table 5 shows data in the
effect of combinations of humic acids,
phosphogypsum, water, and a commercial
clean salt on the Nitrogen content of grains (g
kgl). from the Tabals that a significant
increases in the average of Nitrogen content of
corn grains occurred when washing the soil
with a commercial clean salt (CS). The
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average Nitrogen was 15.47 g kg™, and a rate
of 1.70% compared with the river water wash
treatment (W) in which the average Nitrogen
was 15.21 g kg™, Soil washing with HA,G4
combination showed highest significant
increases in average Nitrogen content,
reaching 19.20 g kg™. With an increases of
24.11% and 26.23% compared to the two
treatments of soil washing with a commercial
clean salt (CS) and washing with river water
treatment (W), in which the Nitrogen rate was
15.47 and 15.21 g kg™, respectively, while
washing with HA;G; combination gave lowest
significant increases, as it reached with
average Nnitrogen of 15.92 g kg*, with a
percentage of 2.90%, 4.66% compared to the
soil washing treatment with a commercial
clean salt (CS) and washing with river water
(W) respectively. HA4G4 outperformed with a
significant increase overall wash
combinations, by a rate of 20.60% compared
to washing combination HA;G; it reached
Nitrogen neutralization 15.92 g kg*. The
reason for the increase in nitrogen
concentration in the kernels of the corn plant
by increasing level of addition of humic acids
is due to large role of humic acids in reducing
the Sodium concentration in the root zone,
which reduces the process of competition
between Sodium and Ammonium for the sites
of absorption, which led to an increases in the
availability of Nitrogen and nutrients by
others, (10). As for the reason for increases in
Nitrogen concentration in the kernels of the
corn plant by increasing the level of addition
of phosphogypsum, it is attributed to its role in
reducing the concentration of Sodium ion at
the exchange sites in the presence of Calcium,
which leads to a decreases in the pH value of
soil, and thus the readiness of Nitrogen and
other nutrients in soil increases (8). These
results are consistent with (2) they indicated an
increases in the Nitrogen content of the grains
with an increases in the level of addition of
humic acids and phosphogypsum mixed with
soil. Table 5 also shows the effect of the same
combinations on the content Phosphorous
corn grains (g kg?), as soil washing with a
commercial clean salt (CS) showed a
significant increases in Phosphorus content,
which reached 2.17 g kg*, with an increases of
9.91% in comparison with its content in the
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water washing treatment (W), in which the
average Phosphorus content was 1.97 g kg™.
Soil washing with HA4G, combination showed
highest significant increase in rate of
phosphorus, reaching 4.62 g kg, with an
increases of 112.74% and 133.83% compared
to with its content by washing the soil with a
commercial clean salt (CS) and washing with
river water treatment (W), in which the
average Phosphorus content was 2.17 and 1.97
g kg™ according to the order, while washing
with a combination HA;G; gave the least
significant increase, as the average Phosphorus
content reached 2.21 g kg*, with a ratio of
1.84% and 11.73%, as compared to content of
soil washing with a commercial clean salt (CS)
and washing with river water (W), in which
the mean Phosphorus content was 2.17 and
1.98 g kg™, respectively. The combination
HA,G, outperformed with a significant
increase. All wash blends, at a rate of 108.90%
compared to HA;G; washing combination, in

which the average Phosphorus content was
2.21 g kg*. The reason for increasing the
concentration of Phosphorus in the grains of
the corn plant by increasing the level of
addition of humic acids is due to its role in
increasing the readiness of phosphorus and
reducing its precipitation through phosphorus
chelating and reducing its adsorption on the
exchange sites, which facilitates its absorption
by the roots (31). The reason for increasing the
concentration of Phosphorus in Maize kernels
by increasing the level of addition of
phosphogypsum could be due to its role in
lowering pH of soil, which leads to an
increases in readiness of it. Also, it contains
5% Phosphorus in its composition (1, 6, 31).
These results are in agreement with (2) they
indicated that the Phosphorous content in
grains increased with the addition of humic
acids and phosphogypsum mixed with soil at
different levels.

Table 5. Effect of washing saline sodic soil with combinations of humic acids, phosphogypsum,
commercial clean salt and water on the content of corn seed of Nitrogen, Phosphorous and
Potassium (g kg™?)

gl humicacids g I) phosphogypsum combination N P K
(¢ ( (9kg™)
G; (0.5) HA,G, 15.92 2.21 3.81
HA, (0.5) G, (1.0) HAG, 16.13 2.35 3.91
G3 (1.5) HA,G; 16.32 2.47 4.02
G4 (2.0) HA,G,4 16.35 2.54 4.03
mean G, 17.23 3.02 4.36
mean HA; 16.18 2.39 3.94
G, (0.5) HA,G, 16.59 2.65 421
HA, (L) G, (1.0) HA,G, 17.23 2.73 431
G3 (1.5) HA,G; 17.27 2.84 4.35
G4 (2.0) HA,G,4 17.65 2.96 4.39
mean G, 17.47 3.22 4.46
mean HA, 17.19 2.79 4.32
G, (0.5) HA,G, 17.73 3.33 4.50
HA; (1.5) G, (1.0) HA:G, 17.79 3.46 4.67
G (1.5) HA:G, 18.48 3.68 4.82
G, (2.0) HA,G, 18.66 3.82 4.89
mean G3 17.79 3.35 4.63
mean HA3 18.17 3.57 4,72
G; (0.5) HA,G, 18.67 3.91 4.93
HA, (2.0) G, (1.0) HA,G; 18.71 433 4.93
G3(1.5) HA,G; 19.10 441 5.34
G, (2.0) HA,G, 19.20 4.62 5.49
mean G4 17.97 3.48 4.70
mean HA4 18.92 4.32 5.17
w 15.21 1.97 2.19
CS 15.47 2.17 3.76
LSDg 0.53 0.34 0.42
LSDya 0.53 0.34 0.42
LSDaena 1.06 0.67 0.85

Table 5 also shows that a significant increases
in the averag of Potassium content of corn
kernels occurred when adding a soil wash
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treatment with a commercial clean salt (CS), in
which the average Potassium content was 3.76
g kg, and a rate of 71.68% compared to the
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water river washing treatment (W), which
average Potassium content was 2.19 g kg™.
Soil washing with HA4G, combination showed
the highest significant increase in rate of
Potassium, reaching 5.49 g kg*, with an
increases of 46.01% and 150.68% compared to
two treatments of soil washing with a
commercial clean salt (CS) and washing with a
treatment. river water (W) according to the
arrangement, while washing with HA;G;
combination gave least significant increase, as
the Potassium rate reached 3.81 g kg, with a
percentage of 1.32%, 73.97% compared to soil
washing with a commercial salinity treatment
(CS) and washing with river water (W)
according to ranking the HA,G4 combination
outperformed with a significant increase in all
the leaching combinations, with an increases
of 44.09% compared to the HA;G; wash
mixture, in which average Potassium content
was 3.81g kg™. increase Potassium readiness,
also, the increase and depth of root system
lead to an increases in absorption of Potassium
and other nutrients, in addition to washing the
sodium ion, which competes with potassium
for absorption by the roots (31). The reason for
the increase in the Potassium concentration in
the grains of the corn plant by increasing the
level of addition of phosphogypsum is
attributed to its role in the displacement of the
Sodium ion from the exchange complexes that
compete with Potassium ion in its absorption
sites, which led to an increase in readiness of
potassium in the soil (31). These results are in
agreement with (2) they indicated that the
Potassium content in grains increased with the
addition of humic acids and phosphogypsum
mixed with soil at different levels.
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