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ABSTRACT

Cheese whey is the main by-products generated by the cheese industry. It is acidic and rich in
organic matter and nutrients which makes it ideal candidate to use as soil amendment. Incubation
experiment was conducted to assess the potential of using cheese whey to increase soil fertility in
calcareous and clay soils. Amendments were six levels of mozzarella cheese whey; 0, 1, 2, 3, 4,
and 5% (oven dry weight basis). Cheese whey were applied to the tested soils, placed in pots and
incubated aerobically under field capacity and field conditions for three months. After incubation,
selected soil chemical parameters were measured, the cumulative water evaporation was
measured as well. The electrical conductivity (EC) of the whey treated soil increased slightly in
comparison to the initial EC in both soils. While, soil OM, available N, available P, and available K
were significantly increased by all application rates compared to the control in both tested soils. The
increase range was from 84 to 300% for OM; 10 to 136% for N; 40 to 155% for P; and 71 to 157%
for K in clay soil. However, in calcareous soil, the range was from 17 to 177% for OM; 9 to 93% for
N; 120 to 584% for P; and 175 to 550% for K. The soil pH decreased with increasing levels of
cheese whey from 8.10 to 7.54 in clay soil and from 8.21 to 7.87 in calcareous soil. Suggesting that
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method of disposal, while improving soil fertility.

cheese whey was effective at adding OM, N, P, and K to soils while decreasing the soil's pH. The
cumulative evaporation increased with time in both soils. The application of whey to the clay soils
reduced the cumulative evaporation but it did not exhibit a trend in the calcareous soils. The use of
cheese whey therefore in agricultural production provides an economic and environmentally friendly

Keywords: Organic wastes; cheese whey, organic matter; electrical conductivity; macronutrients;

cumulative evaporation; soil reclamation.

1. INTRODUCTION

Whey is a liquid by-product of cheese and
cottage cheese produced from processed milk.
Nine kilograms of whey result for each kilogram
of cheese [1]. The whey varies in character
depending upon cheese production process.
Generally, it is a moderate acidic with high plant
nutrient content, soluble salt, and chemical
oxygen demand, compared to most other water
wastes [1]. Most cheeses are made by biological
culture processes that coagulate the milk
proteins, and the resulting whey is often called
"sweet" whey. This type of whey, a co-product
from the production of hard cheeses, often has a
pH of 5.6 or higher. By comparison, the term
“acid whey” reflects the low pH of the whey,
typically ranging from 3.6 - 4.5 with an average
value of 4.1. Some creamed cheeses and
cottage ones are made by coagulating the milk
proteins, and the produced whey is usually called
"acid". Sodium chloride is added in some
cheese-making processes which might produce
a sodium-whey. If the latter whey is added to a
soil, it degrades some soil physical properties,
such as soil structure, hydraulic conductivity,
water flux density and bulk density, which may
be adversely affected by the exchangeable
sodium. These physical properties frequently
reduce seed germination or plant growth [2].
Whey is very salty, even without salt or acid
additions, due to the salts that come from the
milk [1]. Whey commonly contains about 8%
solids and 40-50 g kg'1 of readily decomposable
organic compounds, lactose and primarily
proteins [3]. Acid whey contains beneficial
nutrients to plants, such as nitrogen,
phosphorous, potassium, calcium, magnesium,
and sulfur. These nutrients are found in sufficient
amount to allow for the use of acid whey to either
complement or substitute the application of
manure or inorganic fertilizer. It also contains
elements that could be detrimental to plant
growth such as sodium and chloride. Some whey
contains more than 1000 mg Na" kg™, limiting
their usefulness in agriculture [4]. Incorporated
low-Na" whey improves physical and chemical

properties of sodic soils [4,5,6]. Soluble salts in
the whey decrease the thicknesses of clays

diffuse double-layer, promoting flocculation.
Adding whey proteins and lactose in soil
stimulate  aerobic microbes that create

polysaccharides and other organic compounds,
and promote fungal growth [7], both of which aid
the formation and subsequent stabilization of soil
aggregates [8,9,10]. Since whey improves the
soil structure, its use as a soil amendment would
transform the often-discarded by-product into a
valuable resource. The recycle of cheese whey
in agricultural systems will provide cheese
producers another income stream and reduce
disposal costs. Therefore, using the whey as a
soil amendment can help cheese producers to
protect the environment and increase their profit.
As whey is mostly water, its use as a soil
amendment is economically feasible only near
the whey source if transportation costs are borne
solely by the land owner [11,1].

The plant nutrient benefits of land applied whey
have more recently been demonstrated on
calcareous soils in the 7.6 to 8.8 pH range under
irrigation in an arid climate [4,5,12]. Coarse-
textured materials commonly have limited water-
holding capacities, low cation exchange capacity,
low organic matter content, and are subjected to
surface crust formation. By adding organic
wastes such as whey to such coarse soil, the
water-holding capacity might increase. Fine-
textured materials, while they can hold more
water, can have lower hydraulic conductivities,
infiltration rates, or anaerobic root zones [13].

The annual demand for organic fertilizers in
Egypt is evaluated to be more than 150 million
tons year'1 while the various types of farm waste
are estimated at 26 million tons year'1, of which
about 60 % are burned [14]. Due to the
deficiency of organic farm waste in Egypt,
industrial organic byproducts may be used as
alternatives to traditional organic fertilizers.

In Egypt, cheese whey is a waste product and
available in large quantities at no cost throughout



the year. Given the recent escalation in fertilizer
costs, alternative uses for such products need to
be explored. Therefore, the objective of this
study was to assess the potential for using
cheese whey as an organic source to increase
soil fertility in clay and calcareous soils. Adapting
this system may alleviate the environmental and
economic problems of excess waste and
degraded soil.

2. MATERIALS AND METHODS
2.1 Study Locations

An experiment was carried out during the
summer of 2016 at the experimental farm of the
College of Agricultural, Damanhour University,

Egypt.

Two soil types were selected for this study; the
first one was Calcareous soil (Typic Calciorthids)
collected from the region of Gianaclis, El Beheira
Governorate, Egypt (Approximately latitude is
30°53" 37.23"N and 30° 07' 04.56"E). The
second one was Clay soil (Typic Torrifluvents)
collected from the region of Damanhour, El
Beheira Governorate, Egypt (Approximately
latitude is 31° 02'23.8"N and 30° 26' 23.6"E). The
climate of El-Beheira governorate is typically
Mediterranean with dry and hot summers and
cool and wet winters. The mean annual
temperature is 20.4° C, average high
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temperature is 26.2° C and mean low
temperature is 14.6° C. Annual precipitation is
102 mm, mainly falling in the months of
November through February [15].

2.2 Soil Sampling

Soil samples were collected at a depth of 0-30
cm, air-dried and sieved through a 2-mm sieve
prior to analysis. Sub-samples of the air-dried
soil were used for the chemical and physical
parameters. The main properties of the soil are
shown in Table 1.

2.3 Amendment Material - Cheese Whey

Mozzarella cheese whey, a by-product from the
mozzarella cheese industry, was obtained from
Elgendy cheese company, Abou-Elmatamir, El-
Beheira Governorate, Egypt. The main properties
of the cheese whey are shown in Table 1.

2.4 Experimental Setup

Cheese whey was applied to two types of soils:
clay and calcareous soils at 6 different rates; 0,
1, 2, 3, 4, and 5% (LO, L1, L2, L3, L4, and L5,
respectively) dry matter content. All treatments
were applied to 1kg soil and placed in
polyethylene pots. Pots were placed in the open
field in a randomized complete block design with
three replications for each treatment. In order to

Table 1. Initial characterizations of the studied soils and whey

Analyte Calcareous soil Clay soil Cheese whey
pH (1:2.5 w:w) 8.20 8.17 3.80_
EC (dSm™, 1:2.5 w:w) 3.32 1.53 5.26
Available N (mg 100 g™") 223 28.5 2625**
Available P (%) 0.55 1.50 0.125**
Available K (%) 0.05 0.09 0.305**
Total CaCO; (%) 9.65 525
Organic matter (%) 0.45 1.09 3.10
Dray matter e e 4.0
Organic C (%) 0.26 063
Sand (%) 87.75 45 e
Silt (%) 5.25 23 e
Clay (%) 7.00 32
Texture Loamy sand Clayloam -
Ca*(meq ™) 17.5 8.2 15*
Mg** (meq 1) 6.2 4.1 16*

K" (Meq I 25 0.2 2.43*
Na* (Meq ™) 5.9 4.3 1.3*
CO;*(Meq I'") 18.0 0.0 0*
HCO; (Meq I) 6.5 10.0 0.4*
CI'(Meq ™) 9.5 6.3 29*

* Measured directly in the whey, ** Total form of nutrient in whey (dry weight basis)



allow applied amendments to have an effect on
soil properties, all pots, along with controls, were
incubated aerobically under field conditions for
three months starting on 1 of June 2016. The
moisture content of the treated soil was kept
constant during incubation by calculating the field
capacity and periodically weighing the pots and
adding water to compensate for evaporative loss.
After incubation, the soils were analyzed for
some physical and chemical properties.

2.5 Cumulative Evaporation

Three months after incubation, all pots were
saturated with water. The saturation process
aims to collect data for cumulative evaporation of
the whey treatments. The pots were weighed
every three days to obtain the water losses.
Weighing the pots continued for 15 days. The
data of water losses were used to calculate the
cumulative water evaporation.

2.6 Soil Analysis

Soil samples were air dried, ground to < 2 mm,
and analyzed for pH in 1:25 soil water
suspension [16]. Electrical conductivity (EC) was
determined in 1:2.5 soil water extract [16].
Calcium carbonate equivalent (CCE) was
estimated by the pressure-calcimeter method
[17]. Available nitrogen was extracted by 2M KCI
and determined by Microkjeldehl method [18].
Soil organic matter was determined by the
modified Walkley-Black method as described by
[19]. Available K was estimated by 1 N
ammonium acetate solution and measured by
the flame photometer [16]. Available phosphorus
was extracted with 0.5 N NaHCO; solution and
measured by spectrophotometer [20]. Soluble
Ca*? Mg*?, CO3™, HCO3, CI' were determined in
1:2.5 soil water extract by titration methods [16].
Soluble Na* and K" were measured in 1:2.5 soil
water extract by the flame photometer [16].
Particle-size distribution was determined by
hydrometer as described by [21].

2.7 Statistical Analysis

To test for statistical differences, an analysis of
variance was calculated using PROC GLM
followed by Fisher's protected least significant
difference for mean comparisons using SAS 13.1
statistical software [22]. A significance level of a
= 0.05 was chosen to reduce the likelihood of a
Type Il error during the analysis of incubated
soils.
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3. RESULTS AND DISCUSSION

Decreasing soil pH of alkaline soils leads to
increases in nutrient availability. Soil pH values
significantly decreased with increasing addition
of cheese whey waste of both soil types (Fig. 1).
The pH values ranged from 8.10 to 7.54 in the
clay soil with a difference of 0.54 pH unit among
the whey treatments. The highest pH was for
control treatments and the lowest was for treated
soil with highest whey level (L5). Similarly, soil
pH range was from 8.21-7.87 in the calcareous
soil (Fig. 1). The pH decreased in a similar trend
to the clay soil but with lower rate. The difference
between the control and level 5 is 0.34 pH unit.
So, the whey effects on reduction of soil pH was
greater in clay soil than in the calcareous soil.

The effect of whey on soil pH depends on both
the initial pH of soil and whey applied [23]. The
reduction of pH was affected by the whey
application rate. As the application rate increased
the pH decreased compared to the initial or
control treatments. This reduction in the pH
values might be due to increase of the groups of
carboxyl and phenol as a result of the
decomposition of organic residue and the
reduction of bicarbonate in the soil. [24] reported
decreases of pH that might be due to the
presence of phenolic and fatty acids which
resulted from organic source composition. [25]
reported that nitrification was responsible for the
faling pH values and increasing electrical
conductivity during organic waste decomposing.
Similarly, [26] stated that increasing application
rate of acid whey decreased the pH in silt loam
soil. [4] found that the pH was decreased due to
the addition of cottage cheese whey.

The electrical conductivity (EC) of the whey
treated soil increased slightly in comparison to
the initial EC in the control in both soils (Fig. 2).
The mean relative increase in EC of clay soil
were 1.9, 3.2, 9.1, 9.7 and 18.8 % at L1, L2, L3,
L4, and L5 of whey levels, respectively. While,
the mean relative increase in EC of calcareous
soil were 11.9, 10.7, 16.5, 16.8 and 18.6 % at L1,
L2, L3, L4, and L5 of whey levels, respectively.
The EC ranged from 1.54 (control treatment) to
1.83 (L5 treatment) dS m™ in the clay soil. The
corresponding range was from 3.28 to 3.89 dS
m™ in the calcareous soil. The differences in the
EC between the two soils are attributed to the
different initial EC of both soils, while the
differences among the EC of the treatments are
attributed to the incubated whey and the control
(LO) in both soils. The increases in the EC of the



soils are due to the high salt content of whey
(5.26 dS m™). Partially, the increases in EC may
be due to the release of inherent soluble salts
and mineralizing during the decomposition
process of the whey. The soil EC is mainly due to
ionic species (K*, CI', SO,%, and NO5) that exist
either in whey or generate through organic
source mineralization and transformation [26]. As
described earlier for pH, the whey reduced the
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acidity of the soil in comparison to the initial pH.
This reduction in the soil pH might have
increased the solubility of some salt existed in
the soil too. Similar results are reported by [4]
who found that the EC of soil increased
significantly due to the application of cottage
cheese whey. [5] stated that the soluble solute in
silt loam soil increased as the application rate of
acid whey increased. Due to the high content of
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Fig. 1. Effect of different whey levels on the soil pH of clay and calcareous soils. All values
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significantly different at a =0.05
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soluble salts in whey [3], addition of more than
four inches of whey to soil may lead to increasing
electrical conductivity of soil to more than 4 dS
m™'. Above this level, crop yields are often
adversely affected. Yield reduction may be
observed for salt-sensitive crops such as
soybeans, green beans, and red clover [3].

Fig. 3 shows the percentage soil organic matter
(OM) in both used soils. All whey levels led to
significant increases in soil OM. The magnitude
of the increase in OM tended to correspond with
the quantities of OM added by each treatment;
thus, the largest increases were observed with
the L5 treatments. The OM ranged between
1.01% (control) to 4.04 % in the clay soil. The
mean relative increase in OM% of clay soil were
84, 186, 218, 266 and 300 % at L1, L2, L3, L4,
and L5 of whey levels, respectively. In the
calcareous soil, the OM range was 0.47 to 1.3 %.
The mean relative increase in OM% of
calcareous soil were 17, 72, 96, 138 and 177 %
at L1, L2, L3, L4, and L5 of whey levels,
respectively. The results showed that the
increase in OM% was higher in clay soil than
calcareous soil. This increasing of OM% in clay
soil than calcareous with increasing whey rates
could be attributed to the formation of organic
complexes on clay mineral surfaces [27], which
protect the organic matter from microbial attack.
It is also attributed to increasing microbial
biomass with increased organic matter inputs.
The organic matter percentages increased in
parallel with both the pH and the EC. Similarly,
[28] reported that addition of organic manure
increases organic matter content which in turn
increases the levels of Ca**, K* and Mg**.

Organic wastes such as whey can be used not
only as a source for soil organic matter and / or
pool for plant nutrients, but it can be used as
bioremediation materials. [29] studied the
impacts of applying lactate and whey to aquifer
materials to achieve dechlorination  of
Trichloroethylene (TCE). He found that the
addition of whey supported the biogeochemical
conditions and energy production required to
achieve full dechlorination of TCE with high rates
of vinyl chloride (VC) reduction.

Soil N, P, and K were significantly increased by
all whey application rates compared to the
control suggesting that all whey levels were
effective at adding N, P and K to both soils (Figs.
4, 5, and 6). The high rate of cheese whey (L5)
significantly produced larger increases in soil N,
P and K than the other whey levels. Soil N, P and
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K increased as the application rate of whey
increased. Mineralization of organic materials as
well as the nutrients present in the cheese whey
were responsible for increasing the availability of
plant nutrients in soil. Furthermore, cheese whey
should be applied before planting to give
sufficient time for natural oxidation of organic
materials, which in turn enhances the soil
available nutrients.

The mean relative increase in available N
content of clay soil were 10, 15, 32, 87 and 136
% at L1, L2, L3, L4, and L5 of whey levels,
respectively. While, the mean relative increase in
available N content of calcareous soil were 9, 37,
68, 77 and 94 % at L1, L2, L3, L4, and L5 of
whey levels, respectively. The clay soil
treatments showed greater nitrogen contents
than the calcareous soil treatments. These
higher nitrogen contents of clay soil treatments
might due to the initial higher N and OM content
in the clay soil (Table 1) and probably the lower
pH levels of the clay soil treatments. However,
since all the treatments had pH greater than 7.0
(Fig. 1), ammonia losses increased generally
[30]. In contrast, [31] found that volatilization of
NH; was independent of soil type (three soil
types with pH < 7) and whey application rate.

The concentration of available Phosphorus (P),
which is considered as the most available P pool
for plant uptake are shown in Fig. 5. The mean
relative increase in available P content of clay
soil were 40, 94, 115, 118 and 155 % at L1, L2,
L3, L4, and L5 of whey levels, respectively.
While, the mean relative increase in available P
content of calcareous soil were 120, 187, 292,
422 and 584 % at L1, L2, L3, L4, and L5 of whey
levels, respectively. This increase in available P
could be due to the reduction in pH as a result of
acidity of whey and organic matter
decomposition. The higher relative increase of
available P in calcareous soil than clay soil could
be attributed to more organic matter
decomposition in calcareous soil than clay soil.
So, organic phosphorous mineralized to available
inorganic phosphorous in calcareous soil more
than clay soil. [32] reported that acid whey
supplies P, expressed as P,0Os, approximately
1.7 kg P,Os m>. At this value, 168 m> h ™
application rate supplies about 285 kg of P,Os.
[33] conducted a field study to determine the
interactions among P application rate, source,
extractability, and soil organic carbon (OC)
concentration. A Portneuf silt loam was fertilized
with monocalcium phosphate (MCP), cheese
whey, and dairy manure. All forms of P increased



more per unit of added P in the order manure >
whey > MCP and were correlated with the soil
OC concentrations.

The mean relative increase in available K content
of clay soil were 71, 100, 129, 157 and 157 % at
L1, L2, L3, L4, and L5 of whey Ilevels,
respectively. While, the mean relative increase in
available K content of calcareous soil were 175,
350, 375, 500 and 550 % at L1, L2, L3, L4, and

4.5
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LS5 of whey levels, respectively. The higher
relative increase of available K in calcareous soil
than clay soil could be attributed to more organic
matter decomposition in calcareous soil than clay
soil. [32] showed that potassium as K,O content
of acid whey was with a mean value of 1.93 kg
m®. Thus, acid whey if applied at this rate will
supply more than what is annually removed with
harvest of crops like corn or alfalfa.
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[28] found that addition of organic manure
increased the organic matter content which in
turn increased the levels of Ca, K and Mg. The
addition of organic source might provide
supplemental exchangeable ions such as K" in
the incubated soil. Similar results are reported by
[14] who reported that the application of spent
grain to calcareous soil led to reducing pH and
increasing soil water holding capacity, organic
matter, dissolved organic carbon,

macronutrients, micronutrients,
parameters and squash yield.

germination

The cumulative evaporation is considered as an
indicator to the physical properties of a soil that
are function to aggregation/agricultural practice.
Figs. 7 and 8 show the cumulative water
evaporation from the clay and calcareous soils,
respectively. In  general, the cumulative
evaporation increased with time. The application
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of whey to the clay soils reduced the cumulative  of whey to the clay soil increased the water
evaporation. It can be concluded that the addition  holding capacity. Increasing the soil water
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Fig. 7. Effect of whey incubation on the cumulative evaporation of clay soil at different levels
of whey
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holding capacity can be attributed to the high
level of organic matter (Fig. 3) and the clay
content (32%). So, the whey application has a
positive effect on the water storage in the clay
soil. [34] reported that hydrophilic organic matter,
which is reported to decrease the wettability of
soils, was found to increase the absorption of
water into soils in the vapor form.

The application of whey to the calcareous soils
does not exhibit a consistent trend (Fig. 8). The
cumulative water evaporation followed the
following orders L1>L2>L4> LO= L3>L5 during
the whole period of evaporation. The discrepancy
between the clay soil and calcareous soils might
be attributed to the differences in clay contents
between the two soils. [35], in a study of the
aggregate stability of non-sodic soils, noted that
the addition of soluble salts (such as are present
in cheese whey) to the soil solution reduced the
diffuse double-layer thicknesses of clay domains,
resulting in clay flocculation. This improved
aggregation changes in the pore size distribution,
which increased the flux density of both air and
water through the soil profile [36]. Whey
increased the aggregate stability of structurally
degraded calcareous soil in irrigation furrows [37]
which can affect water flow in soils in both vapor
and liquid forms [36].

4. CONCLUSION

The application of cheese whey to clay and to
calcareous soil proved to be an extremely
effective method of reducing soil pH and
increasing organic matter, nitrogen,
phosphorous, potassium, and soil water holding
capacity. Demonstrating this amendment has the
capacity to improve physical and chemical
limitations, initiate nutrient cycling, and provide a
hospitable environment for vegetation. Therefore,
use of cheese whey waste in agricultural
production provides an environmentally friendly
and economic method of disposal, while
improving soil fertility. The examined treatment
must be further conducted as long-term field
experiments to determine whether the results

obtained in this short-term and controlled
experiment also occur under variable field
conditions.
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