Use of Spent Grains, Cheese Whey, Gypsum, and Compost for Reclamation of
Sodic Soils and Improvement of Corn Seed Germination
Emad F. Aboukila'

ABSTRACT

Incubation and germination experiments were carried
out to evaluate spent grain, cheese whey, gypsum and
compost for reclamation of sodic soils and enhancing Corn
(Zea mays L.) germination. Seven treatments included two
levels of mozzarella cheese whey, two levels of compost, one
level of gypsum, one level of spent grain and an untreated
control. The treatments were added to sodic soil, packed in
pots and incubated under natural field conditions. One
month after the incubation, 4 corn seeds were sown in the
soil pots. The germination experiment was lasted for 15
days. Results indicate that all organic amendments most
effectively reduced exchangeable sodium percent (ESP),
sodium adsorption ratio (SAR), and soil pH; while
enhanced soil organic matter, macronutrients, and corn
germination percentages, compare to gypsum and control.
Spent grain was the most effective amendment in reducing
soil sodicity and enhancing soil fertility and corn
germination in the sodic soils. Further increasing the
application rates of cheese whey and compost did not
significantly enhance corn germination or reduce sodicity.
The positive impacts of all amendments followed the
arranging; spent grain > cheese whey > compost > gypsum
> control. Moreover, one-month incubation was enough
time for amendments to ameliorate soil sodicity before crop
plantation. Spent grain and cheese whey are more effective
than gypsum and compost in remediating sodic soils and
are much inexpensive.
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INTRODUCTION

Worldwide salt-affected soils are estimated to be
greater than 950 Mha of land (Choudhary, 2017). These
soils are classified as sodic, saline, and saline-sodic.
Salt-affected soils spread within at least 75 countries
(Szabolcs, 1994) and represent more than 20 % of the
world irrigated area. Globally, more than 60 % of salt-
affected soils classified as sodic soils (Choudhary,
2017). Presently, the worldwide expansion of sodic soils
is increasing because of using low quality of irrigation
water and poor land management (Qadir and Oster,
2004). Soil sodicity and salinity, in arid and semi-arid
regions, consider the two main environmental issues
caused land degradation in irrigated areas
(Mahmoodabadi et al., 2013). Generally, soil lost as a
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result of degradation is 10 to 40 times more than soil
formation process (Pimentel and Burgess, 2013).

Due to high exchangeable sodium percentage,
cultivation of sodic soils faces many challenges, such as
poor structure, low aggregate stability, dispersion of
clay particles, surface crusting, low water infiltration,
low hydraulic conductivity, low water holding capacity,
high pH, high bulk density, high sodium concentrations
in soil solution (Levy, 2012; Dodd et al., 2013), low
fertility (Wong et al., 2010), low biological activity (Rao
and Pathak, 1996), nutrient deficiencies or imbalances,
and specific ion toxicities (Choudhary, 2017). Under
such deleterious characteristics, economic yield is hard
to achieve.

Sodic soils reclamation is generally more expensive
compared to saline-sodic or saline soils (Seelig et al.
1991) and may take years (Qadir and Oster, 2002).
However, sodic soil could be remediated by
incorporation of organic matter, chemical amendments,
and tillage (Qadir and Oster, 2002). Gypsum is an
important source of calcium and consider the most
common chemical amendment for sodic soils
reclamation. (Ghafoor et al.,, 2001). Other chemical
amendments include acid-forming amendments such as
elemental S and sulfuric acid, which supply the required
Ca** to replaces the exchangeable Na* by solubilize
native calcite (CaCOs) (Sadig et al., 2007), thus
remediating the physical limitations of the sodic soil.
Moreover, Ca and Mg provided by gypsum, increases
plant growth (Clark et al., 2001). Nevertheless, natural
gypsum has seldom been applied due to the expensive of
exploration, crushing, and transportation (Wang et al.,
2017). Gypsum requirement application rates can be
estimated by considering current and target ESP values,
and soil cation exchange capacity (Ashworth et al.,
1999). After application of chemical amendments, salts
and excess sodium are leached with the drainage water
(Pessarakli and Szabolcs, 1999). Nevertheless, gypsum
is not capable of recover the biological activities of soil
that consider the key of sustainable soil fertility (Clark et
al., 2007). Furthermore, chemical amendments are
generally not readily attainable in many regions
particularly in low-income countries (Qadir et al., 2001).
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Furthermore, the application of chemical amendments
leads to later enhance of soluble salts level in the
drainage water which have negative influences on the
environment (Qadir and Oster, 2004).

On the other hand, using organic amendments for
sodic soil reclamation could be a beneficial practice of
remediating the adverse impacts of soil sodicity as it
prompts the solubilization of calcium from calcite and
other Ca-carrying minerals via enhancing microbial
decomposition and organic acids (Choudhary et al.,
2011). As a result, Ca ions increase and displaced Na
ions from the cation exchange sites (Walker and Bernal,
2008). Moreover, the addition of organic amendments
improves soil structure through enhancing soil
aggregation by restore soil microbial and enzymatic
activities (Lakdhar et al., 2009). Developments in soil
aggregation enhance soil porosity, soil permeability, and
water infiltration (Haynes and Naidu, 1998). The
application of organic matter (OM) to sodic soil likely
the most effective reclamation strategy as its wide
availability, low cost, and the suitability of recycling
organic waste (Wang et al., 2014).

Because of the lack of organic farm waste in Egypt,
as in many regions around the world, industrial organic
by-products, such as brewer’s spent grain (SG) and
cheese whey, could be used as substitutional to
conventional organic fertilizers. SG is a byproduct of the
beer production, constituting almost 85% of the total
byproducts produced matters (Mussatto et al., 2006).
Spent grain is acidic, rich in macro and micronutrients,
amino acids, and vitamins (Mussatto and Roberto, 2006)
as well as cellulose, hemicelluloses, lipid, protein,
arabinoxylan, ash, and lignin (Tang et al., 2009).
Therefore, it is good candidate for recycle in agriculture.

Cheese whey is a liquid byproduct of cheese and
cottage cheese manufacture and produced from
processed milk. For each kg of cheese produced, 9 kg of
cheese whey is generated (Robbins and Lehrsch, 1998).
Cheese whey is generally acidic, containing
approximately 8% solids and 40-50 g kg* of easily
decomposable organic materials, mostly lactose and
proteins (Kelling and Peterson, 1981). Acid whey
contains useful plant nutrients like phosphorous,
nitrogen, potassium, magnesium, calcium, and sulfur.
Application of low sodium whey to sodic soil could
ameliorate sodicity (Jones et al., 1993). Soluble salts in
the cheese whey decrease the thicknesses of electric
diffuse double layer of clay particles and enhancing
flocculation. Application of whey lactose and proteins to
soil activate aerobic microorganisms, which create
polysaccharides and other organic compounds, and
enhance fungi growth (Sonnleitner et al., 2003) that help

the stabilization and development of soil aggregates
(Roldéan et al., 1996; Amézketa, 1999).

SG and cheese whey disposal are often
environmental issue; thus, reuse of these by-products is
a serious problem to deal with. The properties of SG and
cheese whey make them ideal candidates for recycle in
agriculture. Few researchers have studied the effect of
SG or cheese whey as sodic soil amendments. Thus, the
research objective was to evaluate the possibility for
using SG and cheese whey as organic amendments for
sodic soil. Developing this practice may mitigate the
economic and environmental issues of degraded soil and
excess wastes. The specific objectives of this research
are to assess the capacity of SG, cheese whey, compost,
and gypsum to reduce soil sodicity, improve soil
sequestration of macronutrients, and enhance the of
maize growth on sodic soils.

MATERIALS AND METHODS

Soil Location and Sampling

Sodic soil used for the experiment was collected
from the region of Abees, Alexandria, Egypt
(approximate latitude is 31° 12' 15.94" N and 29° 58'
58.2" E). Soils are classified as Typic Torrifluvents (Soil
Survey Staff, 2014), with clay loam texture. The climate
of the study area is Mediterranean with hot dry summer
and wet cool winter. The average yearly temperature is
20.6° C (mean high temperature is 25.0° C and average
low temperature is 16.3° C). Yearly rainfall is 18.3 cm,
mostly precipitated from November till February
(Climate-Data.org, 2019). Soil were collected from 0 to
30 cm depth, air-dried, ground, and passed through a 2-
mm sieve. Sub-samples were analyzed for selected
chemical and physical properties (Table 1).

Table 1. Basic physico-chemical properties of sodic
soil used for experimentation

Analyte Soil
pH (1:2.5 w:w) 8.72
EC. (dSm?) 3.91
Available N (mg kg %) 78.45
Available P (mg kg %) 4.45
Available K (mg kg %) 352.12
Total CaCOs3 (%) 6.88
CEC (Cmol*kg?) 26.75
Organic Matter (%) 1.66
Organic C (%) 0.96
SAR 26.87
ESP (%) 30.95
Bulk density (g cm?®) 1.27
Sand (%) 41
Silt (%) 22
Clay (%) 37
Texture Clay Loam
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Amendments

Four types of amendments were applied in this study
included; spent grain, cheese whey, compost, and
gypsum. The spent grain was brought from Al Ahram
Beverages Company, Abu Hammad, Egypt. The
mozzarella cheese whey was brought from the Arabian
Food Industries Company (Domty), 6th of October City,
Egypt. The characterizations of the SG, cheese whey
and compost were calculated using methods outlined in
Kehres (2003). The amendments characterizations are
shown in Table 2.

Experimental Design and Treatments

In spring of 2018, 2 pot experiments were conducted
at the farm of the College of Agricultural, Damanhour
University, Damanhour, Egypt.
Incubation Experiment

Seven treatments were applied in this research
included: 2 levels of cheese whey (W1 and W2), 2

levels of compost (C1 and C2), gypsum (G), spent grain
(T) and control (Ctrl) (Table 3). The application rates of

cheese whey were 1%, and 2% dry matter content. The
base level of spent grain (T) and compost (C1) was the
quantity of spent grain or compost required to increase
SOM by 1%. Compost was also added twice the base
level (C2). Gypsum was added at equivalent rate of
gypsum requirement to reduce ESP to 10%.

Amendments were incorporated with 5 kg of sodic
soil and packed in polyethylene pots. To let added
treatments to affect soil properties, all pot treatments
were incubated under natural field conditions, without
plants, for a month beginning of 1% of April 2018. The
pots were distributed in a randomized complete block
design with four replications of each treatment. Tap
water was applied to the pots regularly to obtain 60% of
soil saturation capacity. The 60% saturation capacity
possesses high microbial activity (Doran et al., 1990),
which leads to increases of aggregate stability (Kandeler
and Murer, 1993). After a month of incubation, sub-
samples were analyzed for selected chemical properties.

Table 2. Characterization of organic amendments used in this study (oven dry weight basis)

Analyte Compost Spent grain Cheese whey
pH (1:5 w:w) 6.95 4.16 3.82
EC (dS m?, 1:5 w:w) 5.91 1.45 5.12
Organic Matter (%) 42.5 75 3.15
Total N (%) 2.26 6.12 2.63
Total P (%) 1.13 1.86 0.14
Total K (%) 0.59 2.74 0.33
Organic carbon (%) 24.65 435 1.83
C:N ratio 10.91 7.1 0.69
Moisture (%) 23 75 96
Fe (mg kg ) 930 1130 nd”
Zn(mg kg 1) 215 368 nd
Mn (mg kg ) 98 210 nd
Cu(mgkg ) 67 98 nd
B (mg kg %) 23 39 nd

*nd: not determined

Table 3. Treatments used in this study (oven dry weight basis)

Treatment

application rates

gkg*
Control Ctrl no amendment
Cheese whey w1 10
Cheese whey w2 20
Compost C1 235
Compost C2 47
Gypsum G 5.6
Spent grain T 12.5
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Germination Experiment

After incubation, the pots were sown with 4 Corn
seeds (Zea mays L.). Moisture levels were frequently
observed and kept in pots at 60% of saturation capacity.
The germination experiment continued for 15 days. At
the end of the germination experiment, the germination
percentage was determined. The over-ground plants
were reaped, oven dried at 65°C for 48 hours, then dry
weight was recorded.

Soil Analysis

Samples were air-dried, crushed, and 2-mm sieved,
and analyzed for different soil properties. Soil pH were
measured in 1:2.5 soil water suspensions following
Jackson (1958). Electrical conductivity (ECe) were
measured in saturated paste extracts (Jackson, 1958).
Sodium adsorption ratio (SAR) was determined as
described by Richards (1954). Soil cation exchange
capacity (CEC) was estimated following the Bower
saturation method as outlined by Richards, (1954).
Extractable sodium was extracted with 1 M ammonium
acetate solution (Normandin et al., 1998). Exchangeable
Na was then calculated by subtracting soluble Na from
total extractable Na. Exchangeable sodium percentage
(ESP) was determined as the amount of exchangeable
sodium expressed in percent of the CEC. Calcium
carbonate equivalent (CCE) was estimated by the
pressure-calcimeter method (Nelson, 1982). Available N
was calculated by Microkjeldehl method (Bermner and
Mulvaney 1982). Available phosphorus was analyzed in
0.5 N NaHCOs; extracts by Olsen’s method (Olsen and
Sommers, 1982). Available K was extracted with 1 N
ammonium acetate solution and determined by a flame
photometry (Jackson, 1958). Soil OM was calculated by
the modified Walkley-Black method as outlined by
(Nelson and Sommers, 1982). Soil texture was
determined by hydrometer method (Gee and Bauder,
1986).

Data Analysis

An analysis of variance (ANOVA) was conducted,
to test for statistical differences, using SAS software
(SAS Institute, 2013). Significant differences among
the treatment averages were tested by Tukey’s test at
95% significance level (P < 0.05). Regression analysis
was utilized to estimate the relationship between the
soil OM, N, P, K, pH, ESP, and SAR in soils and crop
growth parameters.

RESULTS AND DISCUSSION

1. Incubation Experiment
Soil salinity

High soil salinity affects crops by making water less
available (osmotic effects) and is considered a

physiological drought. Soil EC. differences among
various treatments are shown in Fig. 1. The soil EC. of
W2, C1, C2, G, and T treatments were significantly
differed in comparison to the control. While EC, of W1
did not differ significantly from control. It is worth
noting that, all treatments produced significant decreases
in soil ECe compared to the respective initial values.
This reduction of salt concentration is attributed the high
leaching of solute in the treated soil. The high leaching
in the treated soil might due to presence of large pores
that enhance the solute convective process. The lowest
EC. value were observed in the compost-amended soils
(C1 and C2), The positive (reduction in the solute
concentration) of the treatments followed the order:
C2>C1>G>T>W2>W1>Ctrl. Generally, EC. of post
incubated soil decreased by 9, 16, 17, 37, 38, 34, and
31% for Ctrl, W1, W2, C1, C2, G, and T treatments,
respectively in comparison to their initial concentration.

Similar decreases in soil salinity were outlined by
Tejada et al. (2006), Ghafoor et al. (2001, 2012), and
Mahdy (2011) with the application of composts and
organic manures to salt affected soils. However, this
finding is disagreeing with the results of Wang et al.
(2015) who recorded increasing the salinity levels with
the addition of Flue gas desulfurization gypsum.

This reductions in soil EC. can be illustrated by the
mobilizing of Ca via increasing the dissolution of soil
calcite, which exchange Na at cation exchange complex
and forms Na;SOs, MgSOs, and other high solubility
salts. Moreover, these reactions promote water
infiltration, soil flocculation, and stability (Clark et al.,
2001). As a result, the majority of these soluble salts
leached with the drainage water.

Soil pH

Soil pH is a significant factor which controls
nutrients solubility and availability to plant. Reducing
soil pH of sodic and alkaline soils produces increasing
in availability of plant nutrients. Post incubation soil
analysis showed that soil pH was significantly decreased
in all treatments compare to control (Fig. 2). During
incubation, Soil pH was affected quickly by all
treatment additions. Post incubation, soil pH reduced to
less than 8.5; the critical value of pH for salt-affected
soil. There were significant differences in the soil pH
values between the treated soils and the Ctrl. Spent grain
(T) produced the smallest pH values in comparison to
the other amendments. However, gypsum (G) was less
effective treatment in decreasing soil pH. The values of
soil pH for the amended soil followed the order
CtrI>G>C1>C2>W1>W2>T. The reduction of pH
values was influenced by the type of amendment and
application rate. Increasing the application rate of
compost and cheese whey enhanced the pH reduction.
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Spent grain and cheese whey are acidic. Thus, they
might be preferable used than compost as organic
amendments for decreasing soil pH and reclamation of
sodic soils.

It is likely that incubation of organic treatments
probably enhanced the partial pressure of CO; because
of increases of the microbial activity. This possibly
caused by the formation of organic and inorganic acids,

which lead to decreasing pH in organic treated soils
(Wong et al., 2009). Furthermore, solubilization of
minerals such as Ca and Mg (Qadir et al., 2007) because
of microbial activity (Sahin et al., 2011) assists the
decrease of pH in sodic soils by exchanging with Na
from cation exchange complex (Chaganti and Crohn,
2015).
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Fig. 1. Change in ECe of soils (average * standard deviation) after incubation with various treatments. Same
letters within columns indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 2. Soil pH (average + standard deviation) after incubation with various treatments. Same letters within
columns indicate no significant differences (P < 0.05, Tukey's test)
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Sanchez-Monedero et al. (2001) mentioned that
nitrification was responsible for the decreasing pH
values during organic waste decomposing. Similarly,
Aboukila et al., (2018b) stated that increasing
application rate of mozzarella cheese whey decreased
the pH in both clay and calcareous soil. Reductions in
pH with application of organic amendments to salt-
affected soils were also stated by other researchers
(Wong et al., 2009; Mahdy, 2011; Franco-Otero et al.,
2012; Chaganti et al., 2015).

There are contrasting reports after the application of
organic amendments to salt-affected soils. For example,
Sun et al. (2016) recorded decreases in soil pH with the
addition of different biochars rates. While Wang et al.,
(2014) and Qayyum et al. (2015) recorded increases in
alkalinity after the biochar and green waste compost
addition. Whilst no reductions in EC, pH, or the
concentration of soluble Ca, Mg or Na were observed
(Walker and Bernal, 2008).

Soil SAR

Post-incubation, SAR levels decreased significantly
in all treatments (Fig. 3) because of sodium removal by
leaching. While G and organic treated soils (W1, W2,
C1, C2, T) had more Na* leached and consequently had
significantly less SAR compared to the untreated
control. The calculated SAR values in the incubated soil
samples followed the order:
W2<T<W1<C2<Cl<G<control. In comparison with the
initial value in the soils, the SAR levels reduced by 25.3,
65.7, 69.4, 59.2, 61.5, 59.0, and 66.1 % for Ctrl, W1,
W2, C1, C2, G, and T, respectively.

30

The enhance releasing of Ca and Mg by organic
treatments increased their contents in soil solution and
facilitated the exchange with exchangeable Na on the
cation exchange complex and release Na to soil solution.
Thus, helped Na loss by leaching. As a result, soil SAR
reduced. Furthermore, extra Ca release from gypsum
promoted the exchangeable Na release to soil solution,
and consequently enhanced additional decreases of soil
SAR (Chaganti et al., 2015). Soils with SAR values
more than 13 are classified as saline-sodic or sodic soils
(Soil Science Society of America, 2009). In this
experiment, the average SAR of treated soil was reduced
from 26.9 to 9.1 after incubation. These results agree
with those reported by Mahdy (2011), and Chaganti et
al. (2015) who observed significant decreases in SAR
after leaching salt-affected soils treated with organic
amendments and gypsum. The results of this study
propose that sodic soils could be ameliorated and turned
into non-sodic soils by applying cheese whey, compost,
gypsum, or spent grain.

Soil ESP

Increasing the concentration of exchangeable sodium
proportional to the other exchangeable cations (for
instance Ca, Mg, and K) lead to increase in soil ESP.
Fig. 4 shows the initial and the studied treatments for
soil ESP. All treatments, except for control, were
effective in decreasing the soil ESP to less than 15%.
Before soil amending, the ESP was 30.95%, The ESP
levels ranged from 23.7 to 9.5% after soil amending.
Additionally, the levels of exchangeable Na reduced
significantly after incubation with cheese whey,
compost, gypsum, or spent grain (Fig. 4).
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Fig. 3. SAR of soils (average * standard deviation) after incubation with various amending treatments. Same
letters within columns indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 4. ESP of soils (average *+ standard deviation) after incubation with various treatments. Same letters
within columns indicate no significant differences (P < 0.05, Tukey's test)

The significant decrease in the exchangeable Na levels
led to the reduction in the soil ESP.

Organic amendments and gypsum were statistically
equally successful in decreasing the soil ESP. This
reduction could be attributed to the releasing of Ca
from; gypsum, organic amendments, and the
solubilization of soil calcite by organic amendments that
probably promote the Na-Ca exchange rate among the
cation exchange complex and soil solution.

Consequently, improves soil aggregates, and
permeability. Reductions in soil ESP, with the additions
of gypsum and other organic amendments, were also
observed by other researchers (Tejada et al., 2006;
Gharaibeh et al., 2011; Chaganti et al., 2015; Day et al.,
2019). The ESP reduction ranged between 60.2% to
69.2% for organic amendments while that reduction
resulted for using G application was 60.0%. Control
soils showed the lowest ESP reduction of 23.5%. The
experimental results suggest that the application of
cheese whey, compost, gypsum, or spent grain reduced
the ESP markedly.

Soil organic matter

With sustainable management, soil can act as a C
sink to mitigate climate change. On the other hand, non-
responsible management causes soil to lose carbon,
which contribute to climate change. Soil organic carbon
(SOC) is the most dominate form of the C existed in the
soil. Generally, the SOC content in salt-affected soil is
low. Lal and Bruce (1999) estimated that the worldwide
reclamation of salt-affected soils could enrich SOC by
20-40 Mt C a?, which could contribute to the CO;

mitigation. Figure 5 shows the percentage of SOM in
treated soil by the various amendments used. All organic
treatments produced significant increases in SOM. The
greatest increases were recorded with the T, and C2
treatments compared to control. The OM ranged
between 1.47% (G) to 2.8 % (T). The mean relative
increase in OM% in comparison to control were 20.8,
26.1, 47.6, 60.3, and 78.3 % at W1, C1, W2, C2 and T
treatment, respectively. It is noted that SOM in gypsum
treated soil decreased by 6.6%.

The size of the increase in SOM tends to correlate
with the quantities of organic matter applied by each
amendment. So, as the addition level of cheese whey or
compost increased, the SOM increased compared to the
initial or Ctrl treatments. Comparable results were
observed by Aboukila et al. (2018a) who reported
significant level of SOM in calcareous soil treated with
SG or compost compared to the untreated ones.
Similarly, Aboukila et al., (2018b) stated that increasing
application rate of mozzarella cheese whey led to
increasing SOM in both clay and calcareous soil.

The application of organic amendments to salt-
affected soils could enhance the soil carbon
sequestration which will participate in the greenhouse
gas mitigation (Oo et al., 2015; Sun et al., 2016). In the
present study, the application of various organic
treatments increased the quantity of soil OM, especially
with the spent grain application, useful for sodic soils
deficient in organic matter. The significant increases of
SOC and available nutrients with the spent grain
application, which could be concluded that the spent
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grain can improve the sodic soil fertility and probably larger levels of N, P, and K compare to other organic
the soil carbon sequestration in the long-range. amendments. However, W2 was statistically equally to
T in increasing soil K, and C2 was statistically
comparable to T in increasing soil N, compare to other
organic treatments. Soil available N, P and K were
enhanced with increasing the addition level of cheese

Soil Available Macronutrients

Soil available N, available P, and available K
concentration were increased using all amendments
compared to the Ctrl. The percentage increases varied .
from 16 to 329 % for N; 5 to 135 % for P; and 8 to 96 % whe_y or co.mpost.. The posmv_e effet_:ts Of all treatments
for K. Therefore. all of amendments were efficient at for increasing soil N, and P in sodic soil followed the

; ! order: T>C2>C1>W2>W1>G>Ctrl. While, for soil K,

contributing soil available N, P and K to sodic soil .
(Fig.6, 7, 8). The spent grain significantly produced the order was: T>W2>C2>W1>C1>G>Ctrl.
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Fig. 5. Change in soil organic matter (average + standard deviation) after incubation with various treatments.
Same letters within columns indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 6. Change in soil available nitrogen (average + standard deviation) after incubation with various
treatments. Same letters within columns indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 7. Change in soil available phosphorus (average + standard deviation) after incubation with various
treatments. Same letters within columns indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 8. Change in soil available potassium (average * standard deviation) after incubation with various

treatments. Same letters within columns indicate no significant differences (P < 0.05, Tukey's test)

Mineralization of organic materials present in the
added organic treatments leads to increases in the soil
available N, P, and K. Organic amendments used in the
present research have considerable levels of readily
decomposable OM, which are mineralized and increased
soil organic carbon and nutrients content. Furthermore,
organic amendments must add before sowing to have
enough time for the mineralization processes of organic
compounds thus increases the availability of plant
nutrients.

Comparable conclusions are reported by Aboukila et
al. (2018a) who reported that the incubation of spent
grain or compost in calcareous soil led to reducing soil
pH and increasing SOM, dissolved OM, macronutrients,
micronutrients soil water holding capacity, germination
parameters and squash yield. The present results also
agree with the results of of Yu et al. (2013) who
reported that the addition of organic amendments caused
increase of SOM and soil available P. This enhancement
in available P is caused by the decrease in soil pH,
which due to OM mineralization. Ketterings et al.
(2017) recorded that acid whey supplies soils with N, P,
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and K. In average, an addition level of 16.84 m?® h?
supplies about 185 kg h* of total N, 279 kg h™? of P,Os,
and 336 kg h' of K;O. Aboukila et al. (2018b) reported
that application of cheese whey to calcareous and clay
soils led to increasing SOM, soil available N, P, and K.

2. Germination Experiment

No significant differences in the final germination
percent (FGP) were found between treatments in sodic
soil. The FGP ranged from 75% in the control to 100%
in W1 and C1 treatments. However, there were
significant differences in biomass yield among the
treatments. The biomass yields of corn plants at the end
of the germination experiment are illustrated in Figure 9.
Spent grain (T) was the most effective one in enhancing
seed germination in sodic soil. The biomass yield of T
significantly increased to 312% in comparison with
untreated soil (Ctrl). This was due to the superior effect
of the spent grain (T) in amelioration soil sodicity by
decreasing soil pH, exchangeable Na, soluble Na, ESP,
and SAR, and increasing N, P, and K. Cheese whey
treatments were the next most effective treatments in
enhancing seed corn germination and the biomass yield
that produced 226, and 214% more yield than the
control for W1, and W2, respectively. The biomass
yield in compost treatments were 130, and 148% larger
than the untreated Ctrl for C1, and C2, respectively.
Increasing application rates of cheese whey or compost

did not produce significant increases in soil fertility, or
corn growth. Gypsum treated soil was less effective
amendment and produce poor seed germination as
control. This may due to that the gypsum was less
effective treatment in decreasing soil pH. Moreover, it
doesn’t support sodic soil with any remarkable amount
of OM, N, P, or K, compare to organic treatments.

The enhancement of the biomass with organic
amendments could be because of OM effects, which
decreases sodicity and increases soil aeration, soil water
holding capacity, SOM, and available plant nutrients.
Berova et al. (2010) found high concentrations of
nutrients and the enhancement of plant growth
promoting substances resulted from the decomposition
of organic amendments have a favorable impact on crop
yield.

In this study, significant positive linear correlations
were observed among biomass yield and; soil OM (r =
0.76, P < 0.01) (Fig. 10), soil available K (r =0.89, P <
0.001), soil available P (r = 0.65, P < 0.01), and soil
available N (r = 0.56, P < 0.05), as well as significant
negative linear correlations between biomass yield and;
soil pH (r = 0.90, P < 0.001) (Fig. 11), SAR (r = 0.60, P
< 0.01), and ESP (r = 0.56, P < 0.05). The results of this
study concurred with those of Mahdy (2011), and
Aboukila et al. (2018a).
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Fig. 9. Total biomass yield of corn (average + standard deviation) by treatment. Same letters within columns

indicate no significant differences (P < 0.05, Tukey's test)
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Fig. 10. Relationships between biomass yield of corn and soil organic matter after the application of soil
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Fig. 11. Relationships between biomass yield of corn and soil pH after the application of soil amendments

CONCLUSION

All organic amendments examined in the present
study were efficient at remediating of sodic soil
properties and improving seed corn germination. The
commonly used amendment gypsum was less effective
than organic amendments in in ameliorating sodicity and
improves seed corn germination in sodic soils. Hence,
use of such industrial organic wastes as spent grain and
cheese whey in sodic soil reclamation provides an
environmentally friendly and economic practice of

disposal. However, enhancing soil quality and crop
yield. The addition of spent grain or cheese whey to
sodic soil confirmed to be very efficient method of
decreasing pH, ESP, SAR and increasing organic
matter, nitrogen, phosphorous, potassium, and corn
yield. Demonstrating the capability of these amendments
to improve physical and chemical limitations and
provide a hospitable environment for vegetation.
Increasing the application rates of cheese whey and
compost did not significantly enhance biomass yield or
reduce sodicity compare to lower application rates. The
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economics of sodic soil reclamation require low-cost
method for successful implementation. Spent grain and
cheese whey avoid the charge of composting. thus, they
are more economical amendments than compost. The
tested amendments need to carry out as long-term field
experiments to demonstrate if the outcomes reported in
this short-term and controlled study could happen with
variable field conditions.
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