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ABSTRACT

Currently, more than 20% of the total global irrigated area is affected by salinity
and high levels of sodium in soils, especially in arid and semi-arid regions, which makes
them degraded soils with poor properties that may discourage or prevent plant growth in
them. And through a global field experiment conducted during the fall agricultural
season for the year 2022 in Anbar Governorate - Karma district according to the split-
plot design, it included two factors, the first factor is three levels of cover crops (CC)
planted alongside the main crop (Sorghum) and placed in the main panels and the second
factor is four levels of aluminum sulfate (alum) (A) placed in the secondary panels and
with three replications, the results showed a significant effect of all levels of aluminum
sulfate addition in the indicators of growth and yield of white corn and reached the
highest rate of increase in the treatments of the level of alum A3 In (plant height, leaf
area, chlorophyll index and biological yield of sorghum crop) (21, 25, 16, 101)%,
respectively, compared with the comparison treatment (A0), and in general, the
significant effect occurred in an increasing manner with increasing alum levels. While the
cover crops did not have a significant effect on the indicators of growth and yield of the

main crop, except for leaf area.
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* The article is taken from the master's thesis of the first researcher .
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INTRODUCTION

The impact of climate change is in various fields and its impact is being felt all over the
world. The soil is the basis of human sustenance, and one of the systems most affected by
climate change, directly and indirectly, through erosion, deterioration of vegetation cover, and
soil salinization, which causes a threat to food security in the future. Significantly on the
cultivated land area and crop production and quality (Al-Azawi, 2012). Saline soils in central
and southern Iraq are characterized by high clay content and low rates of water infiltration
through the soil section, which makes their reclamation more difficult compared to sandy soils
(Qureshi & Al-Falahi, 2015). The problem of salinity becomes more complicated when
reclamation of soils that contain a high percentage of sodium (Mohammed et al., 2015), and
for the reclamation of this type of soil, chemical improvers are needed for reclamation, such as
the use of alum (aluminum sulfate) that has the ability to displace sodium Na+ from the
exchange complex and replace it with aluminum ions Al+3, and thus improve soil structure and
increase its porosity and permeability, and the addition of alum (aluminum sulfate) to sodium-
saline soil with mineral and organic fertilizers leads to a decrease in the pH value, EC and ESP,
total alkalinity, SAR, Na+, CO3-2, and HCO3-, and increased CEC, SOC, AN, AP, AK, K+,
and SO4-2, these results are related to leaching of sodium from the root growth layer to the
lower soil layers, and increased soil SOC content leading to improved colloidal properties and
increased soil fertilizer retention (Farag et al., 2013). In addition to the use of chemical
amendments, cover crop systems can be used as soil conditioners to reduce soil compaction
and crusting, increase total soil porosity, increase water retention, facilitate soil aeration,
increase soil fertility and enhance biological activity. In addition to the abundant biomass
added by cover crops (Cercioglu et al., 2019). Cover crop cultivation stabilizes soil aggregates
and wind speeds impede easy carrying of soil particles between growing seasons when the soil
is usually bare. Cover crops may be planted between rows of crops perpendicular to the
prevailing wind direction to provide a windbreak. This results in a slight decrease in wind
speed and its effect is reduced by up to 50% on soils devoid of cover crops (Rankoth et al.,
2021). One of the most important advantages of cover crop cultivation is that it increases the
enzymatic and microbial activity of the soil and is an essential source of organic matter. It has a
major role in the diversity of soil microbiota and the associated increase in nitrogen fixation, all
of which is important for soil and environmental sustainability (Rankoth et al., 2019).

MATERIALS AND METHODS

The field experiment was conducted during the fall agricultural season of 2022 in one
of the private fields within - Karma District - Anbar Governorate, 5 km northwest of Baghdad,
at the coordinates "54.369 33°29' N and 884 44°06'52.E. in degraded land as a result of high
concentrations of salts as well as high sodium levels, according to the split-plot design (The
Split-plot Design)) and with an RCBD design that included two factors, the first factor being a
neutralizer. Covering seedlings with three levels (the first without cover crops, the second with
Sesban crop and the third with the millet crop) were placed in the main panels, and the second
factor is alum (A) with four levels (AO, Al, A2, A3) placed in the secondary panels, with an
addition rate of (0, 1.8, 3.6, and 7.2 megagrams-1) in succession and with three replications, as
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the number of experimental units reached (36) units, the area of each unit is 4 * 4 m. Alum was
added to each experimental unit according to the level assigned to it according to the design of
the experiment and mixed with the soil surface to a depth of 10 cm. In order for the alum to
work on improving the soil characteristics and to wash the salts, the soil was irrigated two
times. A line containing 15 sockets and the distance between one socket to another is 0.2 m. 3-
4 seeds were placed in each socket, then they were reduced to one plant 25 days after
emergence. As for cover crops, they were planted in the form of lines between the lines of the
main crop and at a distance of 0.3 m from it by 4 lines. Phosphorus was added at a level of 200
kg P205 hectare-1 at once when planting with the form of Dab fertilizer (P205 46%). Nitrogen
fertilizer was added at the level of 320 kg N ha-1 in three batches, the first at planting from
Dab fertilizer (N 18%). Urea fertilizer (N 46%) was added in the second batch after 50 days of
planting and the third at the flowering stage. Potassium was added at a level of 100 kg K20 ha-
1 in the form of potassium sulfate (K20 50%) at once when planting and according to the
fertilizer recommendation for white corn cultivation (10). The experiment was irrigated by a
drip irrigation system using river water, and the irrigation time is after 50% of the moisture
content of the soil has been depleted. The experiment continued until reaching final maturity
and harvesting on 11/20/2022. Field and laboratory measurements were made for the white
corn crop, as the height of the plant was measured from the ground surface to the top of the
head by means of a measuring ruler and at the stage of full flowering (Al-Sahoki, 1990), and
the leaf area by measuring the length and width of the fourth leaf from the top and applying the
equation of Al-Sahoki & Jiad (2014), and the index of chlorophyll in the leaves by calculating
the average readings of the fourth leaf of the five plants selected from each experimental unit
after the flowering stage 100% by means of a chlorophyll meter SPAD-50 (Soil Plant Analysis
Development) according to the method (Francis & Piekielek, 1999), and the biological yield
was calculated by calculating the average weight of the dry shoot (leaves and stems) added to
the weight of the head after drying in an electric oven at 65 °C until the weight stabilized and
multiplying the average by the plant density (Mg ha-1).

RESULTSAND DISCUSSION

e Plant height

The results of the statistical analysis (Table, 1) showed a significant effect on plant
height when adding alum. The addition of alum led to a significant increase in plant height,
with average values of 197.4, 219.1, and 228.8 cm at alum levels Al, A2, and A3, with
increased rates ranging between 5.0 - 21.7% compared to the comparison treatment (AO0),
which was 188 cm.

The plant as a result of activating the process of photosynthesis, increasing cell
division, and encouraging the growth of meristematic tissues, as Muhammad (2017) indicated
that there is a significant relationship between increasing the readiness of nitrogen and
phosphorus and increasing plant height. This is consistent with what Al-Luhaibi (2022)
concluded that the addition of alum led to an increase in the height of millet, rice and sorghum
crops.

The results also showed (Table 1) that there was no significant effect on the plant
height of the cover crops, as well as its interaction with the effect of alum. However,
numerically, the results showed that the best treatment was CC2A3 with a length of 230.8 cm,
while the lowest value for the NCCAO treatment was 186.3 cm.
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Table (1): Effect of alum addition and cover crops on plant height (cm).

Alum Levels (A) Mean of Cover
Cover crop (CC) A0 Al A2 A3 Crop
No Cover Crop (NCC) 186.3 194.7 217.4 226.2 206.2a
Cover crop 1 (CC1) 189.6 198.3 219.4 229.3 209.2a
Cover crop 2 (CC2) 188.0 199.3 220.6 230.8 209.7a
LSD 0.05 N.S N.S
Mean of Levels of alum 188.0d | 197.4c | 219.1b | 228.8a
LSD 0.05 6.6

e Leave Area

The results of the statistical analysis (Table 2) showed a significant effect on leaf area
when adding alum and cover crops. The addition of alum led to a significant increase in the
leaf area, as it averaged 3541cm 2 plant™ in the treatment of alum A3, with an increase of
25.2% over the comparison treatment (A0), which amounted to 2828 cm 2 plant™,

The reason may be attributed to the role of alum in reducing soil salinity and increasing
the readiness of nutrients, which led to a decrease in salt stress that prevents the absorption of
water and nutrients, and thus increased the ability of the plant to carry out the photosynthesis
process (Al- Luhaibi, 2022). The results (Table 2) showed a significant increase in the leaf
area of the cover crops, as it amounted to 3239 cm 2 plant™ in the treatment of the first cover
crop (CC1) and 3281cm 2 plant? in the treatment of the second cover crop (CC2), with an
increase of 1.7 and 3% compared to the comparison treatment (NCC) of 3186 c¢m 2 plant™. As
for the interaction between alum and cover crops, it did not significantly affect the leaf area,
but numerically, the results showed that the best treatment was CC2A3, which amounted to
3583 cm? plant?, while the lowest value was for the NCCAO treatment, which amounted to
2793 cm? plant™.

Table (2): Effect of alum addition and cover crops on leaf area (cm? plant™).

Alum Levels (A) Mean of Cover
Cover crop (CC) 20 AL A2 A3 Crop
No Cover Crop (NCC) 2793 3127 3325 3498 3186b
Cover crop 1 (CC1) 2806 3156 3454 3542 3239a
Cover crop 2 (CC2) 2884 3230 3428 3583 3281a
LSD 0.05 N.S 52.3
Mean of Levels of alum 2828c | 3171b | 3402a | 3541a
LSD 0.05 188.1

¢ Chlorophyll index

The results of the statistical analysis (Table 3) showed a significant effect on the
chlorophyll index when adding alum and cover crops. The addition of alum led to a significant
increase in the chlorophyll index, which amounted to an average value of 57.9 (Spad) at the
concentration of alum A3, with an increase of 16.4% over the comparison treatment (A0),
amounting to 49.7 (Spad). The increase also appeared in the levels of alum Al and A2, where
the average amounted to 55.1 and 56.6 Spad, respectively.
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The reason may be attributed to the role of alum in improving the chemical and
physical properties of the soil, as the chlorophyll index is used to detect the physiological state
of the plant. and the extent of environmental stress to which the plant is exposed (Ranjbar
fordoei et al., 2006).

The results (Table 3) showed that there was no significant effect on the chlorophyll index of
the cover crops, as well as the interaction between them and the addition of alum.

Table (3): Effect of alum addition and cover crops on chlorophyll index in leaves (spad).

Alum Levels (A) Mean of Cover
Cover crop (CC) A0 AL A2 A3 Crop
No Cover Crop (NCC) 49.1 54.1a 55.7 57.3 54.1a
Cover crop 1 (CC1) 49.4 54.7a 56.6 57.7 54.7a
Cover crop 2 (CC2) 50.6 55.7a 57.4 58.8 55.7a
LSD 0.05 N.S N.S
Mean of Levels of alum 49.7c | 551b | 56.6ab | 57.9a
LSD 0.05 2.6

e Biological yield of Sorghum

The results of the statistical analysis (Table 4) showed a significant effect on the
biological yield of sorghum when adding alum. Its addition led to a significant increase in the
biological yield, with an average value of 15.3 ug H! at the A3 level, with an increase rate of
more than double the control treatment (A0), which amounted to 7.6 pug H.

The increase also appeared in the levels of alum Al and A2, whose average values were

11.1 and 12.3 pg H:, with rates of increase of 46 and 62%, respectively.
The reason may be attributed to the effect of alum on improving the soil's physical and
chemical properties, increasing plant height and leafy area (Tables 1 and 2), and increasing the
availability of nutrients, which led to an increase in dry matter yield, grain yield, and thus
biological yield (Alagele et al., 2021).

To support this study (Kukadia, 1983) indicated that the yield was increased by
increasing its components. The results also showed (Table 4) that there was no significant
effect on the biological yield of cover crops, as well as its interaction with the addition of alum.

Table (4): Effect of alum addition and cover crops on biological yield (Mg H™?).

Cover crop (CC) Alum Levels (A) Mean of Cover
A0 Al A2 A3 Crop
No Cover Crop (NCC) 7.4 10.7a 11.1 14.2 10.7a
Cover crop 1 (CC1) 7.6 11.6a 12.2 15.8 11.6a
Cover crop 2 (CC2) 7.8 12.4a 13.6 15.8 12.4a
LSD 0.05 N. S N.S
Mean of Levels of alum 76d | 112c | 123b | 15.3a
LSD 0.05 0.9
CONCLUSION

The addition of aluminum sulfate led to the displacement of sodium from the exchange
surfaces and increased (plant height, leaf area, chlorophyll index, biological yield), as the
application of aluminum sulfate can be used as an effective practice for the reclamation of
saline and sodic lands in addition to the use of cover crop systems beside the main crop.
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