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ABSTRACT

_ A factorial experiment using a randomized complete block
KEY WORDS: . . . . Y
Physical characteristics, crust, 9€sign (RCBD) was carried out in one of the fields of the University of
gypsum fractions, sunflower ~ Mosul's College of Agriculture and Forestry. Gypsum stone was
employed as an amendment in various physical and hydrologic qualities
of silty clay soil and its impact on sunflower yield in different sizes and
proportions. With three replications, gypsum stone was added in three
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Rif,?;}/fn : 15/05/2023 Sizes (<2, 8-10, 20-25 mm), three addition percentages (5, 10, and
Proofreading:  11/11/2023 15%), and a control sample. The results demonstrated the superiority of
Accepted: 30/05/2023  adding 15% gypsum stone with size of less than 2 mm in all examined

Available online: 30/09/2024  soil characteristics compared to other treatments; the thickness of the
soil surface crust and its bulk density by 15% and size of <2 mm was
. (2.5 mm, 1.43 Mg m™®) as opposed to (6.00 mm and 1.58 Mg m™) in the
© 2024 This is an open access article . L. . .
under the CC by licenses coONtrol, respectively. The same addition significantly increased the
http:/fereativecommons.org/licensesbyi#0 \W/HC and moisture at the FC, recording (44.20 and 40.53) %,
respectively, compared to (41.00 and 37.00) %, respectively, at control
Ev level. The lowest hydraulic conductivity was recorded when adding
15% for <2 mm (1.7 cm/h), and the highest hydraulic conductivity (HC)
was recorded when adding 15% for 8-10 mm (7.1 cm/h) while it was
2.3 cm/h in the control treatment. The improvement of the physical
conditions of the soil and the availability of moisture content at the level
of adding 15% to volume <2 mm led to an increase in the height of the
sunflower, blossom diameter, and leaf area to increase, giving them
(48.66 cm, 4.33 cm, and 8.02 cm?) as compared to (38.66 cm, 2 cm, and
5.27 cm?) in the control level.
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INTRODUCTION

Crusting can occur on most soils, with the exception of those with high amounts of coarse
sand and negligibly small amounts of silt and clay (Bradford and Huang 1992). According to El-
Husseiny (2021), crusting or sealing occurs when clay that has been dispersed by raindrop impact
on the soil surface washes into soil pores and seals them. Plants in crusty soil could have less access
to water because of the restricted infiltration. Furthermore, the limited aeration and hard structure of
some crusts beneath them may restrict the emergence of seedlings and the growth of their roots
close to the soil surface (Bhardwaj et al., 2009 and Feng et al., 2013 and Lin et al., 2022).

Many amendments have been used in different regions around the world to improve the
physical, chemical and fertility properties of soils (Al-Hamdawi and Al-Wally 2020), one of these
amendments is gypsum stone (Norton. and Rhoton, 2007 and Darrell, 2008 and Al-Naser 2018),
which has wide uses in improving the physical and chemical properties of heavy clay soils (Taha,
2018 and Luiz et al., 2022). Zublena et al, (1995) stated that the addition of gypsum to the soil
reduces the negative effect of increasing sodium ions in the soil, increases the cationic exchange
capacity and reduces soil erosion. Norton and Rhoton (2007) and Uusitalo et al., (2010) mentioned
that gypsum plays an important role in improving the physical properties of soil, reducing crust
formation, increasing soil ability to retain water, and seedling emergence. Al-Naser (2018) also
found that gypsum rock segments with diameters smaller than 28 mm are more effective in
preventing the formation of surface crust than fractions larger than 28mm. Hammadi (2012)
mentioned that the sunflower crop is grown in most types of soils and thrives in well-ventilated
lands.

103



Al-Nasse and Agha, Tikrit Journal for Agricultural Sciences (2024) 24(3):102-109

The purpose of the study was to determine the impact of utilizing gypsum rocks on clay soils'
physical and hydrological characteristics, surface crust development, and sunflower crop production
as one of Irag's main economic crops.

MATERALS AND METHODS

An experiment was conducted using silty clay soil (Vertisols) (0—15 cm) from the Teleskuf
area of northern Irag's Nineveh Governorate. According to the procedures described in Page et al.,
(1982), the soil was air-dried and sieved with a 2 mm sieve, from which various physical and
chemical parameters of the soil were calculated (Table 1).

Table (1) physical and chemical properties of the study soil

Soil separates oM CaCOs
9 k%'l Texture BD EC oH
Mgm?  dSm? g kg’
Clay Silt Sand
503.2 430.3 66.5 Silty clay 1.32 1.25 795 17.6 340.0

The gypsum stones were broken as directed by the Soil Survey Manual (SSS, 2017). After
then, it was fractionally divided into three sizes (<2, 8-10, and 20-25 mm) to represent the sizes of
stones that don't interfere with field agricultural operations.

The gypsum stones were broken with a hammer, then sifted with sieves of different diameters
according to the required work plan to obtain specific sizes as follows: <2 mm, 8-10 and 20-25 mm.
these fragments were mixed with the soil in accordance with the experiment's design in a factorial
experiment using a randomized complete block design (RCBD) to evaluate the effects of different
gypsum stone fragments on the fundamental soil physical and hydrological parameters.

The treatments for the study included; <2 mm at 5% (T1), <2 mm at 10% (T2), <2 mm at
15% (T3), 8-10 mm at 5% (T4), 8-10 mm at 10% (T5), 8-10 mm at 15% (T6), 20-25 mm at 5%
(T7), 20-25 at 10% (T8) and 20-25 mm at 15% (T9) in addition to treatment without addition
(Control) (T10), with three replicates, Thus, the total number became 30 treatments. In all the soils
of the experimental treatments, sunflower seeds (Menkerine (Turkish)) were planted, and they were
let to grow in the presence of natural precipitation, using additional irrigation to maintain the
humidity at 50% of the soil's available water.

At the conclusion of the experiment, the thickness of the crust and bulk density of the surface
soil crust were assessed using the Verneir and a core method, respectively (a special core of 3 mm
height and 15 mm diameter).

For all experimental treatments, the soil's water holding capacity (WHC),soil moisture
content at the field capacity (FC) and Saturated hydraulic conductivity (SHC) were also
measured. Daily observations in each treatment were also made when wilting signs appeared, and
the germination percentage also was calculated.

In addition, measurements of plant height, flower diameter, and leaf area were made using
the Elshahooki and Eldabas (1982) equation, which reads: Leaf area= 0.65 L2 Critical difference
was used in a statistical analysis of the data with a 5% threshold of significance.

RESULTS AND DISCUSSION

It should be noted that the values of the crust's bulk density decreased as the size of the
gypsum segments decreased and addition rates increased (Table 2). The application of various
gypsum fractions used to have a significant impact on the crust's bulk density. The bulk density
values for sizes 8-10 and 20-25 mm were 1.46 and 1.51 Mg m at the same amount of addition,
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respectively. The lowest bulk density of the crust was 1.43 Mg m™ after adding 15% to the <2 mm
compared to 1.58 Mg m= at the control and other treatments. Gypsum's ability to improve soil
structure, increase water permeability, and improve aggregate stability may be the cause of this,
which in turn reduces crust formation. These findings are in agreement with those reported by
Zublena et al., (1995) and Norton and Rhoton (2007) and Opoku-Kwanowaa et al., (2020).

Table (2) effect of gypsum fraction on bulk density and thickness of crust

gypsum fraction crust bulk density crust thickness
mm % Mg m3 mm
5 152c 5.67b
<2 10 1.46d 4.00 bed
15 143e 250d
5 1.54b 517b
8-10 10 1.47d 4.00 bcd
15 1.46d 3.17 cd
5 152c 5.67b
20-25 10 151c 5.00b
15 151c 4.67 bc
Control 1.58 a 6.00 a

According to the findings in Table (2), the crust's thickness significantly decreased as well
as a diameters of the fragments of Gypsum stone fragments and the addition rates. As the lowest
thickness of the crust was 2.50 mm when adding 15% of <2 mm, compared with 6.00 mm at the
control level, while the thickness of the crust was 3.17 and 4.67 mm at the same levels of the
diameters 8-10 and 20-25 mm, respectively.The data also show that the crusts with sizes of 20-25
mm had the thickest crusts at all levels of gypsum addition; these thicknesses were 5.67, 5.00, and
4.67 mm at the levels of (5, 10 and 15)%, respectively. Based on the findings, it can be concluded
that adding gypsum to soil enhances soil structure and increases aggregate stability, which reduces
crust development. This is consistent with earlier research by Zublena et al., (1995), Yan et al.,
(2015) and Nias et al (2023), which reported that adding gypsum to soil decreases soil dispersion
and surface hindrance.

The infiltration rate and the cumulative infiltration of the study soil were estimated as shown
in Figure (1), where it was found that the cumulative infiltration increased with time as the value of
R2 = 0.9849, while the value of the infiltration rate decreased with time and stabilized at 50
minutes.
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Figure (1) relationship between infiltration rate and cumulative infiltration over time
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Table (3) shows that there are noticeable significant differences in the water holding
capacity (WHC) and field capacity (FC) with an increase in the addition of much more gypsum
fractions; higher water contents were recorded (44.20 and 40.53%) for WHC and FC at additions of
15% for <2 mm, respectively, and the highest values were found to be 43.50 and 41.00%,
respectively, at the addition of 15% for 8-10 mm.

It is also noted that the hydraulic conductivity (HC) of the soil decreases as the size of the
gypsum fractions decreases and increases as the size of the gypsum fractions increases, and the
differences were significant between that, as the lowest hydraulic conductivity was recorded when
adding 15% for <2 mm (1.7 cm/h), and the highest hydraulic conductivity was recorded when
adding 15% for 8-10 mm (7.1 cm/h) while it was 2.3 cm/h in the control treatment. The reason for
this may be due to the increased ability of gypsum fractions to retain water, especially the small
fractions with a high specific surface area, and this led to reduced soil dispersion and increased
aggregate stability, and these results certainly agree with those of Darrell (2008), Cosh et al., (2008)
and Nias et al., (2023).

Table (3) some properties of hydrological soil surface crusts

gypsum fractions FC WHC HC
mm % cm/h
5 38.50 bc 42.29b 19e
<9 10 39.50 bc 42.52 ab 18e
15 40.53 a 44.20 a 1. e
5 38.50 b 40.26 c 40c
8-10 10 39.00 b 41.60c 4.13¢c
15 41.00 a 43.50 ab 42 ¢
5 38.45D 42.50 bc 6.6b
90-25 10 39.00 b 42.80 bc 6.7b
15 39.50 ab 43.00 b 7.1a
Control 37.00 c 41.00 ¢ 2.3d

According to the findings in table (4), all experimental treatments had germination
percentage between 85 and 95%. The average duration that it took for wilting symptoms to appear
on plants was 8 to 11 days, and the longest period for the appearance of signs of wilting was 11
days at the level of 15% for < 2 mm. The results also demonstrated that the addition of gypsum had
a significant impact on the rate of plant heights (Table 4), as evidenced by the significant
differences in plant heights observed between the proportions and sizes of adding gypsum
fragments; the longest duration of Welting symptom was 11 days in the 15% for <2 mm treatment
compared to 8 day in the control treatment, the highest plant height was noted when adding 15% for
<2 mm, it eventually reached 48.66 cm, while the average plant height at the control was 38.66 cm.
Gypsum addition has improved the soil's physical and water conditions, which has encouraged an
increase in vegetative growth. As a result, the height of sunflower plants has increased with higher
levels of addition, which is consistent with findings from Elshahooki and Eldabas (1982) and
Heleen et al., (2020).
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Table (4) effect of gypsum additions on sunflower properties

m .
fggftsigns Germination Welting Plant height Leaf Area I_:Iower
% symptom cm om? diameter
mm % day cm
5 85 9b 41.50 bc 6.15a 3.50 ab
<? 10 85 9b 44.50 ab 6.78 a 3.83ab
15 90 11a 48.66 a 8.02 a 433 a
5 90 9b 42.50 bc 5.07a 3.50 ab
8-10 10 95 10 ab 43.30 bc 6.32 a 3.26 bc
15 90 10 ab 44.33 ab 7.38a 3.66 ab
5 90 8 bc 41.16 bc 575a 2.50 cd
90-25 10 95 8 bc 39.66 c 6.10 a 2.00d
15 90 9b 40.50 bc 5.58 a 2.50 cd
Control 90 8 bc 38.66 d 5.27 a 2.0 cd

Gypsum addition had a considerable impact on average plant heights, as demonstrated by
the significant differences in plant heights observed between treatments (Table 4). The maximum
plant height was measured when adding 15% of <2 mm, reaching 48.66 cm. whereas the plant
heights at the control level were 38.66 cm. This is because the addition of gypsum improved the
physical and water conditions of the soil and thus encouraged the increase in vegetative growth, and
the plant heights increased with the increase in the levels of addition, the results are consistent with
those found by Elshahooki and Eldabas, (1982).

Also, the results in Table (4) showed that the adding 15% to < 2 mm gave the largest paper
space and flower diameter, reaching 8.02 cm? and 4.33 cm compared to 5.27 cm? and 2.0 cm at the
control level, where the paper area and flower diameter increased with the increase in the levels of
addition, despite the absence of significant differences between the different treatmnts, which is
consistent with findings from Hammadi (2012) and Taha, (2018).

CONCLUSION

The study's findings demonstrated that adding gypsum amendments considerably enhances
the soil's physical and hydrological characteristics. 15% for < 2 mm among various treatments
considerably decreased soil surface crust formation and crust bulk density, and increased soil
moisture retention. So, using gypsum can be an effective strategy for improving soil quality and
germination conditions.

CONFLICT OF INTEREST
The authors declare no conflicts of interest associated with this manuscript.

REFERENCES

Al-Naser Y. H. (2018). Effect of phosphogypsum on formation and development of soil surface
crust and wheat crop growth. J. T. Univ. Agri. Sci. 18 (3) 90-95.

Al-hamdawi R. M. and N.S. Al-wally (2020). Effect of Application Different Levels of Azolla
(Azolla Filicoides Lam.) in Some Soil Physical Properties and Barley (Hordeum
Vulgare L.) Plant Arch. 20 (41) 74-82.

Bhardwaj A. K., R. A. McLaughlin, I. Shainberg and G. J. Levy (2009). Hydraulic
Characteristics of Depositional Seals as Affected by Exchangeable Cations, Clay
Mineralogy, and Polyacrylamide, Soil Sci. Soc. Am.J. 73(3) 910-918.

107



Al-Nasse and Agha, Tikrit Journal for Agricultural Sciences (2024) 24(3):102-109

Bradford, J.M., C. Huang (1992). Mechanism of crust formation: physical components. In:
Summer, M., Stewart, B. (eds) Soil crusting: chemical and physical processes.
Advances in Soil Science, Lewis Pub. Bocca Raton, Florida, pp. 55-72.

Darrell N. L (2008). Gypsum soil amendment as a management practice in conservation tillage
to improve water quality. Journal of Soil and Water Conservation 63(2).
DOI:10.2489/jswc.63.2.46A.

Cosh, M.H., T.J. Jackson, S. Moran, and R. Bindlish (2008). Temporal persistence and stability
of surface soil moisture in a semi-arid watershed. Remote Sens. Environ. 112, 304-313

El-Husseiny A. M. (2021). Surface seal formation and its implication in calcareous soils
characteristics degradation. ph. D. Theses. Moshtohor Faculty of Agriculture, Benha
University.

Elshahooki, M., and E. Eldabas (1982). One Leaf Dimension to Estimate Leaf Area in
Sunflower. Agron. & Crop Sci. J. 151:199-204.

Feng, G., B. Sharratt and V. Vaddella (2013). Windblown soil crust formation under light
rainfall in a semiarid region. Soil Tillage Res. 128, 91-96.

Hammadi K.A. (2012). The spatial variation of the sunflower crop in Irag (a study in
quantitative geography), Kufa Journal of Arts, 1(14) 181-225.

Heleen C. V., F. Wolfgang, D.E. Frank, R.P. Anthony and J. K. Nikolaus (2020). Physical Crust
Formation on Sandy Soils and Their Potential to Reduce Dust Emissions from
Croplands. Land. 9, 503.

Lin C. , J. Wang b, H. Wang, F. Xu, P. Song , C. Yang, J. Li (2022). Variation in soil
detachment capacity of structural and sedimentary crusts induced by simulated rainfall
formed on ridge and furrow. Catena 211, doi.org/10.1016/j.catena.2021.105971

Luiz M., L. AJunior, M. R. Riberio and D. Andrade (2022). Residual effects of agricultural
gypsum on soil chemical and microbiological characteristics. Soil Use and
Management, British Society of Soil Science. DOI: 10.1111/sum.12837.

Niaz S, J. B. Wehr, R. C. Dalal, P. M. Kopittke, and N. W. Menzies (2023). Wetting and drying
cycles, organic amendments, and gypsum play a key role in structure formation and
stability of sodic Vertisols, SOIL, 9, 141-154. doi.org/10.5194/s0il-9-141

Norton, L. and F. Rhoton (2007). FGD Gypsum influences on soil surface  sealing, crusting,
infiltration and runoff. Soil Sci. Soc. Am. J., 66: 1296-1303.

Opoku-Kwanowaa Y, J. Wu, X. Chen, A. Sharaf and S. G. Attipoe (2020). Soil
physicochemical properties variation in black soil after the long-term application of
different organic amendments. Asian Journal of Advances in Agricultural Research.
12(2):24-34. DOI: 10.9734/ajaar/2020/v12i230079

Page, A. L., R.H. Miller and D.R. Keeney (1982) .Methods of soil analysis, Part (2) .2nd Ed
Agronomy of Am. Soc. Argon. Madison Wisconsin.

Taha, R. Y. (2018). Soil Surface Crust Formation as affected by adding Organic Nanomaterials.
Thesis, Graduate School Faculty of Agriculture, Alexandria University.

Sheinberg, M., W. Sumner, M. Miller, M. Farina, A. Favan, and M. Fey (1989). Use of gypsum
on soils. A review, In advance in soil science Volume 9 Ed. Stewart Sringer — Verlag
New York, Berlin Handelberg London, Paris, and Tokyo.

Soil Survey Staff, (2017). Field Handbook 8. Handbook No. 18. Web Soil Survey. USDA
Natural Resources Conservation Service. http://websoilsurvey.nrcs.usda.gov.

108


https://www.researchgate.net/journal/Journal-of-Soil-and-Water-Conservation-1941-3300
http://dx.doi.org/10.2489/jswc.63.2.46A
https://www.researchgate.net/profile/Ahmed_Sharaf27
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.9734%2Fajaar%2F2020%2Fv12i230079?_sg%5B0%5D=8597IfrEYHPlI8S5KmiHpgvuvB4MnWbTkZ_4H93TH3H1xQKAA8lBHd0EUxi7bjwo2wTVWNaIQay5p20a-yZQ__y1Lg.qDZaU6R-A_7f6TU615FGcNLCD-Ozi9slVdQcBpv2MhxVGRAP7zJfXcVqS64zxJkguh3GsAWQvJiRZlGYS5ZdqQ

Al-Nasse and Agha, Tikrit Journal for Agricultural Sciences (2024) 24(3):102-109

Uusitalo, R., K.Ylivaino, P.Nyund, E. Pietola (2010). Rainfall simulations of jokioinen clay
soils amended with Gypsum to decrease Soil losses and associated P transfer. MTT

Scince 10:56.
Yan, Y., LWu, X.Xin, X.Wang and G.Yang (2015). How rain-formed soil crust affects wind

erosion in a semi-arid steppe in northern China. Geoderma, 249, 79-86.
Zublena, J. P., A. R. Rubin and D.A. Crouse (1995). Uses of ground sheetrock (Gypsum) as a
Soil amendment. Am. Soc. Agron. J., 59: 1103-1108.

109



