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ABSTRACT

Sandy soils face significant challenges due to their low
moisture retention and nutrient content. This study aimed to
improve soil fertility, nutrient uptake, and maize yield
(variety: Pioneer P4444) by applying six mixtures of Dry
Vinasse Waste (DVW) as organic fertilizer and different NPK
fertilizer rates, alongside a control, with three replicates.
Maize was grown in pots for one season, and soil properties,
plant parameters, and productivity were evaluated. Results
indicated that soil salinity was increased across all treatments,
while pH decreased with Vinasse application. Organic matter
content improved in all Vinasse treatments, except when a full
NP dose was combined with mineral and organic K sources.
Soil K content significantly increased with Vinasse
application, while N and P concentrations showed
inconsistent trends. Plant N content was highest with a full NP
dose and K from both mineral and organic sources,
comparable to full mineral NPK treatment. However, plant P
and K content responses were inconsistent. Ca and Mg levels
were highest under a recommended NP dose combined with
K fully from organic or mixed sources. Seed yield and
chlorophyll content increased significantly in all treatments
compared to the control. The greatest plant height and
elongation rate were observed with a recommended NP dose
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and full K from mineral or mixed sources. These findings
highlight the potential of Vinasse, in combination with
optimized NP rates, to enhance soil fertility and maize
production in sandy soils.

Keywords: Dry Vinasse Waste, potassium fertilization, Maize.
INTRODUCTION

Maize (Zea mays L.) is a vital cereal crop globally, serving as a
staple food, animal feed, and industrial raw material due to its high yield
and adaptability (Kaushal et al., 2023). It provides food and oil for
humans and fodder for animals (Afzal et al., 2009; Song et al., 2010;
Bukhsh et al., 2011; Asif et al., 2020). In Egypt, maize is one of the
most important cereal crops, ranking third after rice and wheat.
However, due to the depletion of natural resources, rapid population
growth, and climate change, there is a growing gap between maize
production and demand, posing a challenge to food security and
agricultural sustainability (Seada et al., 2016).

Finding out an alternative way to obtain potassium from organic
wastes is crucial due to the limited resources and high cost of mineral
fertilizers. Organic waste like Vinasse is a promising alternative.
Potassium fertilizer is of great importance to plants where it protects
plants against water stress and enhances grain quality. It is considered
the dominant cation in plants. It was found that potassium deficiency
leads to the accumulation of dissolved nitrogen compounds, while the
nitrogen content of plants decreases. It was also found that lack of
potassium leads to a slow photosynthesis and increased respiration.
Potassium also has a substantial effect in regulating the metabolism of
carbon in plants and plays an important role in the transport of sugars
and proteins in plants, and thus it affects the storage of carbohydrates in
the storage organs (Shah et al, 2024).

Vinasse is a byproduct of the ethanol manufacturing process

(Carrilho et al., 2024). The chemical composition of Vinasse depends
on the raw materials used for ethanol production (Espana et al., 2011).
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Vinasse can be added to crops through fertigation using drip irrigation
systems (Hoarau et al., 2018). Vinasse is a viable alternative to
inorganic fertilizers due to its richness in potassium (K), calcium (Ca),
magnesium (Mg), sulfur (S), in addition to phosphorous (P), nitrogen
(N), and organic matter (Madejon et al., 2001). Therefore, Vinasse can
partially replace potassium and sulfur fertilizers besides N fertilization
(Luz, 2005; Osman, 2010; Silva et al., 2015). The addition of Vinasse
increased the organic matter and nitrogen content in the soil (Moran-
Salazar et al., 2016).

The applied Vinasse at the proper time enhanced the absorbed and
reserved nutrients, increased organic matter in soil, enhanced
biochemical properties, improved physicochemical characteristics and
soil quality, increased phenolic chemicals, acids, and insoluble
fractions, and improved crop productivity (Gomez and Rodriguez,
2000; Arafat and Yassen, 2002; Armengol et al., 2003; Parnaudeau
et al., 2008; Vadivel et al., 2014). Potassium is involved in a multitude
of internal processes (Pettigrew, 2008; Bukhsh et al., 2012). Potassium
influences multiple systems within the plant to improve tolerance to
stresses, both abiotic and biotic (Wang et al., 2013). Maize consumed
38% of K (5.2 kg K/ha/day) during peak flowering period (White,
2000; Rehman et al., 2008). Hussain et al. (2007) indicated that the
high doses of both potassium and phosphorus fertilizers significantly
increase the weight per ear, grains per ear and the 1000-grain weight.
The sole effect of potassium found non-significant for grain yield but in
interaction with phosphorus levels and maize varieties, potassium
produced a better yield. Bender et al. (2013) showed that the pattern of
K uptake was a sigmoidal curve with the majority of uptake happening
before anthesis and the highest accumulation rate for K in maize is
around 2.4 kg K>Ol/day/acre. Most of the K buildup was before
blooming stage (Pettigrew, 2008; Ciampitti et al., 2013; Bell et al.,
2021). The applied rates of Vinasse for soil fertilization regulated based
on potassium content (CETESB, 2015).

To enhance physicochemical and biological properties of light-

textured soils should be applied mixture of organic and mineral
fertilizers therefore improving soil quality and fertility as well as
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increasing crop yield and its quality because of higher nutrients uptake
and build up in the yield. Vinasse has great attention due to its
contribution in improving physicochemical properties of soil (Aquino
etal., 2015). It was noticed that the residue increased potassium content
and it varied with the soil types due to the applied of Vinasse
(Elgharbawy, 2021).

Maximizing fertilizers efficiency and soil health programs should
be more attention to address the challenges of fertilizers and food
shortages. The manufacturing of fertilizers by recycling wastes with the
least environmental impacts is necessity urgent (Silva et al., 2017).
Mineral fertilizers are a major challenge because of its high cost and are
one of the polluted sources in the agricultural environment. Organic
fertilizers and recycling organic wastes are used to avoid these
problems. Low cost and friendly organic wastes such as Vinasse and
molasses can used as a source of organic fertilizers. Applied the
optimum mixture of chemical fertilizer and organic fertilizer, or
biofertilizers might be a one of the promising methods of nutrient
management. The aim of this study was to test and evaluate the
contribution of Vinasse as an organic fertilizer to supply plant with K
and improve soil properties for reducing chemical fertilizers demand,
partially.

MATERIALS AND METHODS

This experiment conducted to quantify the response of maize
(variety: pioneer P4444) (Zea mays L.) to the application of K supplied
from organic waste (Vinasse) ) as a source of K and mineral fertilizers
(NPK) to evaluate the contribution of organic waste (Vinasse) for
improving maize growth, seed production and reducing applied mineral
fertilizers.

Experimental site

A pot experiment was conducted at Al-Kifah village, Badr city,
El Beheira governorate, Egypt (30° 38’ 44” N, 30° 31’ 32" E).
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Soil analyses
Soil physical analysis

Soil samples were collected from the experimental site at 0—-30 cm
depth to determine the main physical and chemical characteristics of the
soil. The soil physical parameters such as particle size distribution
determined by hydrometer method as described by (Gee and Bauder,
1986) then soil texture class defined as described by FAO (1970). Soil
bulk density determined in undisturbed soil samples using the core
method (Black and Hartge, 1986). Saturated hydraulic conductivity
measured in the laboratory according to Klute and Dirksen (1986) and
soil moisture content on volume basis at suctions of 33 and 1500 kPa
determined by using pressure plate apparatus. The main physical
parameters of the soil samples are presented in Table (1).

Table (1): Main physical properties of soil samples

Particle size

Texture (%) Available water* Ks Bulk density
—1 -3
class Clay Silt Sand (mm) (ms~) (Mgm™)
Y0 30 e 33.15 517x10° 155
oam

* Calculated as average moisture contents at —10 and —33 kPa minus
moisture contents at —15000 kPa, saturated hydraulic conductivity (Ks)

Soil chemical analysis

Chemical properties of soil samples such as pH, electrical
conductivity (EC), soluble cations and anions content (in soil water
extract 1:1), were measured according to Jackson (1958). Available K
extracted by 1IN of ammonium acetate solution measured by flame
photometer (Jackson, 1958). Available P extracted with 0.5N of
NaHCO3 solution and measured by Spectrophotometer (Olsen and
Sommers, 1982). Available N in the soil samples was determined using
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Kjeldahl method according to Peach and Tracey (1956). Soil organic
matter (OM) determined by modified Walkley-Black method as
described by Nelson and Sommers (1983). Main chemical
characteristics of the soil samples were presented in Table (2).

Table (2): Main chemical properties of soil samples

pH EC Available N Available P Available K oM
(1:25)  (dSm™) (Ppm) (ppm) (ppm) (%)
8.3 0.4 120 14 105 0.30
Soluble cations (meg/l) Soluble anions (meg/l)
Na* K* Ca** Mg* COs~ HCOs; Cl- S04
168 051 1.02 087 0 1.34 141 1.26

Fertilizer sources and application rates

According to the recommendations of the Egyptian Ministry of
Agriculture (MALR, 2007), the need for Maize (pioneer P4444) during
its life period is 120 units of nitrogen, 30 units of phosphorus and 25
units of potassium. As for sources of mineral fertilizers, some well-
known fertilizers in Egypt, such as urea (46% nitrogen), were used as a
source of mineral nitrogen. MAP fertilizer (61% P20s) as a source of
mineral phosphorus, and potassium sulfate fertilizer (50% K:O) as a
source of mineral potassium. Dried Vinasse waste (DVW) - that is a by-
product from fermentation and distillation of molasses liquid from sugar
and yeast industry — was used, as a source of K fertilization, where it
was taken from the factory of Angel Yeast Co., Ltd., China located at
Beni Sweif Governorate, Egypt which contains (0.7% nitrogen, 0.46%
phosphorus, and 12% potassium). From these mineral fertilizers and
organic waste, the quantities required for each of the seven fertilizer
treatments were calculated and then added during the season. The
addition was applied through fertigation.
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Fertilizer treatments

The experiment included seven treatments: (T1) control, (T2)
recommended mineral NPK, (T3) recommended NP with K from
Vinasse, (T4) recommended NP with K from mineral K and Vinasse
equally, (T5) half NP with full K from Vinasse, (T6) half NP with K
from mineral K and Vinasse equally, and (T7) full K from Vinasse only.

Preparation and the experimental design

A composite soil samples were collected from the surface layer
(0-30 cm depth), air-dried, and sieved through a 2-mm sieve. Twenty-
one cylindrical pots with a diameter of 28 cm and height of 25 cm were
thoroughly washed and cleaned. The bottoms of those pots are punched
to make holes to drain out excess water. To avoid the heating effect, the
pots were buried in the soil surface, while the soil surface inside the pots
was almost like the soil surface of the open field. Suitable 21 holes
made in the soil with the same dimensions of the pots. The pots were
buried inside holes in a Randomized Complete Block Design (RCBD)
with three replicates. Each pot was filled with 25 kg of prepared soil and
labeled with the corresponding treatment.

Sowing and watering of the experiment

The sowing date was on 8 August 2022 then irrigated without any
fertilizer additions, to ensure the best seed growth. The irrigation is done
every 3 days at the rate of adding 100 cm? water per pot. After the first
15 days, the fertilization started the different fertilizer treatments with
the water of irrigation in five doses between every 15 days.

Data collection
The soil chemical properties such pH, EC, OM, Available NPK,

and soluble cations and anions were measured after maize harvest as the
same methods mentioned above (Sun et al., 2022). The plant height
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after 45 and 75 days of planting and elongation rate also were
determined as an average of four measurements after 15, 30, 45 and 60
days according to Equation 1. Chlorophyll content index was measured
by (SPAD-502, Minolta, Japan). Also, both fresh and dry weight (at
110°C) of 100 kernels were determined beside moisture content was
calculated as a percentage of seeds fresh weight. After the final harvest
stage, leaves samples were taken to analysis of the NPK content: the N
content determined by wet digestion according to the Ginsberg method
and Kjeldahl distillation, phosphorus was determined calorimetrically
by molybdenum blue method and K was determined by using a flame
photometer (Peterburgskii, 1986).

I—115 H3O — H15 H4-5 — H3O H6O — H4-5
_Ist— 15 t— 45t~ 15
4

ER

Where ER is elongation rate in mm/day; His, H3o, Has and Heo, is plant
height in mm after 15, 30, 45 and 60 days, respectively.

Statistical analysis

To test for statistical differences, an analysis of variance
(ANOVA) was conducted using General Linear Models (PROC GLM),
followed by Fisher’s protected least significant difference (LSD) test for
mean comparisons using the Statistical Analysis System software ver.
13.1 (SAS, 2013). A significance level of 5% (a = 0.05) was selected
to minimize the risk of a Type Il error during the analysis of growth
parameters.

RESULTS AND DISCUSSION

Soil pH, Total Dissolved Solids (TDS), Organic Matter (OM), and
chlorophyll content:

The results illustrated in Figure 1 (A) reveal a significant
increase in total dissolved salts (TDS) across all treatments compared to
the control, likely due to the accumulation of dissolved salts in the soil
solution. This aligns with the findings of Seddik et al. (2016) and
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Bueno et al. (2009), who attributed TDS increases to elevated sodium
concentrations. The highest TDS values were recorded in T6 (137.36
ppm) and T7 (135.38 ppm), significantly surpassing T3, T4, and T5,
possibly due to higher organic matter content enhancing nutrient
retention. Regarding soil reaction Figure 1 (B), pH levels ranged from
7.64 (T7) to 8.37 (T2), with T1 and T2 exhibiting the highest values
(~8.3), while T3, T4, T5, and T7 showed a notable decline, likely due
to Vinasse application. The large standard deviation in T1 was attributed
to a single high-pH replicate (8.9).
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Figure (1): Mean values of A: soil pH, B: total dissolved solids (TDS), C: organic
matter (OM), and D: chlorophyll content of maize after treatments with T1: control,
T2: NPK, T3: NP with K from Vinasse, T4: NP with K from mineral K and Vinasse
equally, T5: half NP with full K from Vinasse, T6: half NP with K from mineral K
and Vinasse equally, and T7: full K from Vinasse only.

These findings align with Osman et al. (2016), who observed a

pH reduction with increased Vinasse and K-mineral fertilizers,
explained by El-Leboudi et al. (1988) as a result of organic acid and
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hydrogen ion production. As for soil organic matter Figure 1 (C), T5,
T6, and T7 exhibited the highest levels (0.33%), significantly
surpassing other treatments, while T3 (0.25%) differed notably from T2
(0.21%). T1 and T4 recorded the lowest values (0.16%). The results
suggest that a full NP dose combined with mineral and organic K
sources may reduce OM content, whereas Vinasse application
effectively enhances it, consistent with Yassen et al. (2002), Osman et
al. (2016), and Seddik et al. (2016).

Lastly, chlorophyll content index Figure 1 (D) was highest in T2
(48.97), T7 (48.58), and T4 (46.43), with no significant differences
among them, while T1 recorded the lowest value (22.33). Treatments
without a full NP dose generally had lower chlorophyll levels, except
for T7. These results align with Fridgen and Varco (2004), who
highlighted nitrogen’s role in chlorophyll synthesis, whereas
potassium’s effect was inconsistent. Zhao et al. (2001) further
explained that early-stage potassium deficiency severely limits
photosynthesis and chlorophyll production in plants.

Soil available (N-P - K - Ca)

The results in Figure 2 (A) illustrate that T2 exhibited the highest
soil available N content (45.2 ppm), followed by T5 (35.6 ppm) and T7
(31.1 ppm), whereas the control (T1) recorded the lowest value (12
ppm). Treatments T3, T4, and T6 showed relatively similar N levels
(28.1-28.6 ppm). The significant increase in soil N content with vinasse
application is consistent with Osman et al. (2016), Seddik et al. (2016),
and Yassen et al. (2002), who reported that vinasse enhances soil N
availability. The lower N content in T1, which received no additional
nitrogen, may be attributed to the lack of external inputs and potential
losses due to plant uptake and leaching. Meanwhile, T2, receiving full
NPK mineral fertilization, exhibited the highest available N content,
likely due to the immediate availability of mineral nitrogen. The gradual
decline in N across other treatments aligns with the slow-release nature
of vinasse-derived nitrogen, as previously described by Osman et al.
(2016) and supported by Delin and Engstrom (2010).
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Regarding phosphorus Figure 2 (B), T6 and T7 recorded the
highest available P levels (1.29 ppm), likely due to the organic matter
in vinasse improving P solubility. Treatments T3 and T4 showed
slightly lower but comparable values, while T2 and T5 had moderate
levels. T1, which received no P fertilizer, recorded the lowest P
availability. Interestingly, despite previous findings by Yassen et al.
(2002), Osman et al. (2016), and Seddik et al. (2016) suggesting that
mineral P fertilizers increase soil P levels, the results here indicate that
factors such as P fixation, plant uptake, and organic matter interactions
may influence P availability. As shown in Figure 2 (C), all vinasse-
treated soils had significantly higher K levels, in line with findings from
Yassen et al. (2002), Bueno et al. (2009), Osman et al. (2016), and
Seddik et al. (2016).
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Figure (2): Mean values of A: soil available N, B: soil available P, C: soil available
K, and D: soil available Ca after the application of T1: control, T2: NPK, T3: NP with
K from Vinasse, T4: NP with K from mineral K and Vinasse equally, T5: half NP with
full K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7:
full K from Vinasse only.
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The highest K content was observed in T6 (42.34 ppm),
followed by T5 (34.74 ppm), though the latter, expected to provide a
full K dose via half NP and vinasse K, recorded slightly lower K
content, possibly due to differences in K availability from mineral
sources. Lastly, Figure 2 (D) shows that T1, T4, and T6 exhibited
slightly increased soluble Ca content compared to other treatments, with
T4 at an intermediate level. However, no significant differences were
observed among the other treatments, which aligns with Pinto et al.
(2022), who reported that vinasse application in soybean, maize, and
pasture did not significantly alter soil Ca levels.

Soil (Mg — Na - Cl) content

The results in Figure 3 (A) show that T5 and T7 in recorded the
highest soil soluble Mg content (14.42 and 14.56 ppm, respectively).
Except for T6, all treatments showed a significant increase compared to
T2, while T1, despite not receiving any mineral fertilizers, achieved a
relatively high Mg level (12.28 ppm), making it second only to T5 and
T7. The observed increase in Mg content, except for T6 and T1, aligns
with the findings of Pinto et al. (2022) and Tejada et al. (2009), which
indicate that vinasse application enhances soil Mg levels. However, the
unexpected increase in T1 remains unclear, possibly due to maize's
ability to extract Ca at four times the rate of Mg (Caires and Da
Fonseca, 2000) or the antagonistic effect of K on Ca and Mg uptake
(Yang et al. (2024)).

The variation among treatments suggests that multiple factors
may be influencing Mg dynamics, but further investigation is needed.
Regarding Na+, Figure 3 (B) reveals that T7 exhibited the highest
significant increase, while no significant differences were detected
among the other treatments except for T1 and T3, which showed
intermediate levels. Although Tejada et al. (2009) reported that vinasse
application generally raises soil Na content, only T7 displayed a notable
increase. This could be linked to the plant's increased K uptake in T7,
which likely reduced Na absorption, as reflected in the decreased soil K
content in the same treatment. The elevated Na content in T1 may be
due to pre-existing high Na levels in the soil, as indicated by the high
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standard deviation, where one replicate showed 20.98 ppm while the
other two recorded around 10.40 ppm. Notably, excessive Na levels can
inhibit K activity in the soil solution, thereby reducing K availability
(Wang et al. (2013)). As depicted in Figure 3 (C), T1 recorded the
highest soil soluble CI- content (56.38 ppm), followed by T3 (49.42
ppm), while T2 and T4 showed no significant differences. The lowest
Cl- levels were found in T6, followed by T5 and T7. This variation in
soil Cl- content may be linked to K dynamics, as increased K levels
influence CI- and Na uptake through voltage-gated K+ transporters at
the plasma membrane. Sufficient K plays a crucial role in osmotic
regulation, solute accumulation, and maintaining plant cell turgor under
osmotic stress (Wang et al. 2013).
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from mineral K and Vinasse equally, T5: half NP with full K from Vinasse, T6: half
NP with K from mineral K and Vinasse equally, and T7: full K from Vinasse only.
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Soluble sulfur (SO4%) and bicarbonate (HCOz3)

As shown in Figure 4, treatments T1, T4, and T6 recorded the
highest levels of soluble sulfate (SO+*") in soil (~48 ppm), with no
significant differences among them, while the lowest SO+*~ content was
observed in T2, T3, T5, and T7 (~38 ppm). Sulfate availability in soil is
primarily influenced by sulfur fertilization, organic matter
decomposition, and microbial activity, which explains the variations
among treatments (Havlin et al. (2014)). Regarding bicarbonate
(HCOs") levels, T7 exhibited the highest concentration (183.15 ppm),
significantly differing from all other treatments, followed by T5, T2,
and T4, whereas T1, T3, and T6 recorded the lowest HCOs~ content
(~134 ppm), showing no significant differences among them.
Bicarbonate accumulation is typically linked to alkaline soil conditions,
irrigation water quality, and carbonate mineral dissolution, which can
impact nutrient availability, particularly phosphorus solubility
(Marschner, 2012). The observed variations indicate that different
fertilization regimes and soil amendments influence sulfur and
bicarbonate dynamics, highlighting the importance of balanced nutrient
management to maintain optimal soil chemistry and enhance plant
growth.
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Figure (4): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
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K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only on soluble sulfate and bicarbonate contents in planting soil.

Effect of applied mineral fertilizers and Vinasse on maize nutrient
content, growth, and yield

N, P and K content in maize plant

As shown in Figure 5, treatments T2 and T4 (about 3.8 % N
content) demonstrated a higher significant plant N content than all other
treatments (with notation b). It is presumed for both T3 and T4 to
achieve a higher plant N content due to the application of full mineral
NP dose but only T4 exhibited this increase may be the application of
K from two sources, one of them in a mineral form contributed in this
increase which concords with the results of Seddik et al. (2016) who
explained that the decrease in plant N, P and K total content in the case
of applying Vinasse without mineral source of K may be due to the fact
that the increase of Na content in Vinasse than K which gives an
antagonistic relationship between Na and K where higher soil
absorption could have reduced plant K absorption which also aligns
with Mansoori et al. (2014).

According to the findings of Arafat and Yassen (2002), Vinasse
has led to an increase in the level of N, P and K, but this does not mean
that the increase is steady with increasing rates and this, with the
discussion beforehand, could explain the inconsistent responses in the
finding of the current study. In the case of K, T5 showed the highest
response (0.79%) followed by T6 (0.73%) while T1 exhibited the lowest
level of K, T2 and T7 demonstrated the same response. The increase in
T5 and T6 could be related to the application of Vinasse, however the
inconsistent response could also be related to the antagonistic
relationship between Na content in Vinasse and K or because of the
synergetic influence of N and K on plant growth where in the case of
insufficient optimum growth rates of one of them, the utilization of
other would be impaired where higher K supply enhances translocation
of nitrogenous compounds from roots and straw toward the grains
(Hébert et al., 2001).
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Plant uptake of N by roots could also be affected by K and vice
versa where there is evidence that nitrate nutrition helps in cations
uptake including K (Kirkby, 1968; Mengel et al., 1976; Ouyang et al.,
1998; Szczerba et al., 2008). Concerning plant content of P, the highest
significant one was achieved by T6 (0.92%) followed by T1, T2 and T3
which exhibited an intermediate level between T6 and T4 where the
latter with T5 and T7 exhibited the lowest levels of P content.
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Figure (5): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only) on N, P, and K content in maize plant for maize.

Despite T6 received half dose of NP from mineral fertilizers and
a full dose of K from mineral source and Vinasse, it achieved the highest
level of plant P content. It is supposed that the application of Vinasse
raises the plant P which aligns with the findings of Arafat and Yassen
(2002). However the other treatments like T5 and T7 demonstrated a
lower level, this could be explained because T7 did not received any
dose from mineral source of P and for T5 its K source was only organic
which may has a relationship with P utilization, despite T1 was not
treated it showed the second highest level, its ought to be that T2, T3
and T4 to have a higher level of plant P content due to receiving a
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recommended dose of mineral P but the explanation of irregular
response is still inconclusive. It is known that the effect of the so-called
“luxury consumption” of K on both N and P could lead to depression in
yield if accompanying N and P are not sufficient (Bajwa and Rehman,
1996; Tisdale et al., 1990). It is also known that luxury consumption of
K can be reduced by splitting K application at no more than half the N
rates on soils kept low in available K (Burton and Jackson, 1962).

Ca and Mg content in maize plant

As depicted in Figure 6, T1 (0.64%) showed the highest Ca
content in plant while there were variations in the values of other
treatments but there was no significant difference between them, it is
noticeable from error bars that T1 was of the highest standard deviation
where there were three replicates the lowest one was of 0.090% while
the others was of 0.910 and 0.920%.
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Figure (6): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only) on Ca and Mg content in maize plant for maize.

The results suggest that all treatments which included K

application exhibited a lower level in Ca content, this may be explained
according to Yang et al. (2024) where that increase could be related to
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the effect of K on Ca and Mg uptake where K has a fairly consistent
effect on lowering tissue concentration of Ca and Mg. Also for Mg
content in plant, it is presumed that the ability of maize to extract Ca is
four times more than Mg (Caires and Da Fonseca, 2000), however T3
and T4 demonstrated the highest response of Mg content in maize plant
(0.61%) followed by T6 (0.48%) and T5 (0.46%) while the lowest was
T1 (0.05%). At the end, the explanation for such results is still
inconclusive.

Plant height and elongation rate

As shown in Figure 7, plant height and elongation rate varied
significantly among treatments, with T4 achieving the highest plant
height (268.67 cm) and elongation rate (35.8 mm/day), followed by T6
(234.67 cm, 31.3 mm/day) and T1 (195 cm, 26 mm/day). The superior
performance of T4 can be attributed to the balanced supply of both
mineral and organic potassium (K), which plays a crucial role in
osmotic regulation, enzyme activation, and photosynthesis efficiency,
all of which enhance cell expansion and shoot elongation (Marschner,
2012). Potassium also improves water uptake and turgor pressure,
sustaining growth even under varying soil conditions (Pettigrew,
2008). The moderate growth in T2, T3, and T5, which received either
mineral or organic K alone, suggests that a combined application
provides superior results, as seen in previous studies where integrating
organic and inorganic K sources enhanced nutrient-use efficiency and
plant productivity (Zahoor et al. (2017); da Silva et al. (2020).

The lower performance in T1 (control) indicates that the absence
of additional K fertilization limited the plant’s ability to sustain high
elongation rates despite potential residual K in the soil. These findings
align with research showing that potassium application significantly
improves plant architecture, biomass accumulation, and elongation
rates (Pettigrew, 2008; Sofyan et al. (2019)). Therefore, incorporating
both mineral and organic fertilizers as K sources is essential for optimal
plant growth, as organic amendments provide a slow-release nutrient
supply, complementing the immediate availability from mineral
fertilizers, ensuring sustained growth throughout the crop cycle.
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Figure (7): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only) on plant height after 45 and 75 days of planting and elongation
rate for maize.

Seed yield

As depicted in Figure 8, the highest seed yield was achieved by
T2 (9.84 ardab/feddan), followed by T3, T6 and T4 (9.38, 9.2 and 9.08
ardab/feddan, respectively) while the lowest level was of T1 (7.18
ardab/feddan). The results suggest that there is a need for a full NP
mineral dose. Also, in the case of half dose of mineral NP at least, there
is a need for a full dose of K from both mineral and organic source to
achieve a high seed yield. According to the findings of Osman et al.
(2016), there was an increase in the availability of N, P and K by
applying K-mineral fertilizer with diluted Vinasse compared to Vinasse
only and the same trends was exhibited for the yield also.
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Figure (8): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only) on seed yield for maize.

Fresh and dry weight of 100 kernels

As depicted in Figure 9, T7 demonstrated the highest fresh weight
(F.W.) of 100 kernels (22.95 g) followed by T3, T1 and T7 ((21.87,
21.47 and 21.18 g, respectively) while the lowest one was of T6.
Concerning the dry weight (D.W.) of 100 kernels, T1 and T2 achieved
the same level, and it was the highest (19.51 g) followed by T2 (18.18
g) while the lowest was of T6 (15.21 g). Also, the highest moisture
content was of T5 (10.43% F.W.) while the lowest was of T7 (8.21%
F.W.). It is presumed that the application of Vinasse contributes in the
increase of the weight of 100 kernels of wheat compared with control
treatment (T1) as reported by Yassen et al. (2002) but the data exhibited
inconsistency to such conclusion, however what reported by Mahmoud
et al. (2019) may explain these variations where the application of
Vinasse only compared to mineral fertilizers contributed significantly
in the decrease of fresh and dry yield of both spinach and barely plants
in the first and second cut while application of Vinasse with fertilizers
caused a significant increase in fresh and dry weight.
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Figure (9): Effect of different treatments (T1: control, T2: NPK, T3: NP with K from
Vinasse, T4: NP with K from mineral K and Vinasse equally, :T5: half NP with full
K from Vinasse, T6: half NP with K from mineral K and Vinasse equally, and T7: full
K from Vinasse only) on fresh and dry weight of 100 kernels and seed moisture content
for maize.

CONCLUSION

The application of appropriate organic wastes as fertilizers,
combined with lower doses of mineral fertilizers, is essential to
minimize the environmental impact of excessive mineral fertilizer use
while reducing costs and improving yield quality. The findings of this
study revealed an increase in soil organic matter and K levels, though
soil N and P contents, along with other soil nutrients, exhibited
inconsistent responses. Notably, the highest plant height and elongation
rate were achieved with a recommended NP dose and a full K dose
derived from both mineral and organic sources, which also resulted in
the highest N content in plants, showing no significant difference from
the full mineral NPK treatment. However, P and K content in plants
displayed an inconsistent response. The highest levels of Ca and Mg in
plant tissues were recorded in treatments receiving the recommended
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NP dose and a full K dose, either entirely from organic sources or from
a combination of mineral and organic sources. Additionally, all
treatments significantly increased seed yield and chlorophyll content
index compared to the control. Further research is needed to explore the
promising effects of integrating Vinasse with specific NPK dosages to
enhance maize production in sandy soils, as well as to assess its long-
term impact across different growing seasons.

REFERENCES

Afzal,M., Nasir,Z., Bashir,M.H., & Khan,B.S. (2009). Analysis of list
plant resistance in some genotypes of maize against Chilo
partellus (Swinhoe) (Pyralidae: Lepidoptera). Pakistan Journal of
Botany, 41(1), 421-428.

Aquino,S.G., Medina,C.C., Brito,0O.R., & Fonseca,|.C.B. (2015).
Alteracdo na reacdo quimica do solo influenciada pela palha de
cana-de-acgucar e vinhaca. Semina: Ciéncias Agrarias, 36, 2493—
2506.

Arafat,S., & Yassen,A.E. (2002). Agronomic evaluation of fertilizing
efficiency of vinasse. 17th World Congress of Soil Science
(WCCS), 14-21 August 2002, Thailand. Symposium No. 14, 1-6.

Armengol,J., Lorenzo,E., & Noemi,F. (2003). Use of vinasses
dilutions in water as an alternative for improving chemical
properties of sugarcane planted vertisols. Cultivos Tropicales,
24(3), 73-76.

Asif, M., Nadeem,M.A., Aziz,A., Safdar,M.E., Adnan,M., Ali A,
Ullah,N., Akhtar,N., & Abbas,B. (2020). Mulching improves
weed management, soil carbon, and productivity of spring-

68



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

planted maize (Zea mays L.). International Journal of Botany
Studies, 5(2), 57-61.

Bajwa,M.I., & Rehman,F. (1996). Soil and fertilizer potassium. In Soil
Science. National Book Foundation, Islamabad, 319 pp.

Bell,M.J., Mallarino,A.P., Volenec,J., Brouder,S., & Franzen,D.W.
(2021). Considerations for selecting potassium placement
methods in soil. In Murrell, T.S., Mikkelsen,R.L., Sulewski,G.,
Norton,R., & Thompson,M.L. (Eds.), Improving potassium
recommendations for agricultural crops (pp. 341-361). Springer,
Switzerland. https://doi.org/10.1007/978-3-030-59197-7 12

Bender,R.R., Haegele,J.W., Ruffo,M.L., & Below,F.E. (2013).
Modern corn hybrids’ nutrient uptake patterns. Better Crops with
Plant Food, 97(1), 7-10.

Black,G., & Hartge,K. (1986). Bulk density. In Klute,A. (Ed.),
Methods of soil analysis. Physical and mineralogical methods
(2nd ed., pp. 363-377). Soil Science Society of America,
Madison, Wisconsin, USA.

Buckman,H.O., & Brady,N.C. (1960). The nature and properties of
soils (6th ed.). MacMillan Co., New York, USA.

Bueno,P.C., MartinRubi,J.A., GarciaGiménez,R., & Ballesta,R.J.
(2009). Impacts caused by the addition of wine vinasse on some
chemical and mineralogical properties of a Luvisol and Vertisol
in La Mancha (Central Spain). Journal of Soils and Sediments, 9,
121-128. https://doi.org/10.1007/s11368-009-0074-0

Bukhsh,M.A., Ahmad,R., Igbal,J., Rehman,A., Hussain,S., &
Ishaque,M. (2011). Potassium application reduces bareness in
different maize hybrids under crowding stress conditions.
Pakistan Journal of Agricultural Sciences, 48(1), 41-48.

69


https://doi.org/10.1007/978-3-030-59197-7_12
https://doi.org/10.1007/s11368-009-0074-0

J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Bukhsh,M.A., Ahmad,R., IgbalJ., Magbool,M.M., Ali,A,,
Ishaque,M., & Hussain,S. (2012). Nutritional and physiological
significance of potassium application in maize hybrid crop
production. Pakistan Journal of Nutrition, 11(2), 187-202.

Burton,G.W., & Jackson,J.E. (1962). Single vs. split potassium
applications for coastal Bermuda grass. Agronomy Journal, 54(1),
13-14.

Caires,E.F., & DaFonseca,A.F. (2000). Absorcdo de nutrientes pela
soja cultivada no sistema de plantio direto em fungéo da calagem
na superficie. Fertilidade do Solo e Nutricdo de Plantas,
Bragantia, Campinas, 59(2), 213-220.

Carrilho,E.N.V.M., & Soares,M.R. (2024). Vinasse, a byproduct of
the bioethanol industry—A valuable resource for sustainable
agriculture and renewable energy production. In Environmental
Materials and Waste (pp. 193-239). Elsevier.

CETESB - Environmental Company of the State of Sdo Paulo.
(2015). Technical Standard P 4.231: Vinasse—Criteria and
procedures for application in agricultural soil (3rd ed., 2nd
version). S&o Paulo.

Ciampitti,l1.A., Camberato,J.J., Murrel,S.T., & Vyn,T.J. (2013).
Maize nutrient accumulation and partitioning in response to plant
density and nitrogen rate: 1. Macronutrients. Agronomy Journal,
105(3), 783-795.

daSilva,S.F., Garcia,G.D.O., dosReis,E.F., & Dalvi,L.P. (2020).
Foliar nutrient content and maize yield with vinasse application
during three crops. Revista Brasileira de Ciéncias Agrarias,
15(1), e6285.

70



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Delin,S., & Engstrom,L. (2010). Timing of organic fertilizer
application to synchronize nitrogen supply with crop demand.
Acta Agriculturae Scandinavica, Section B-Soil & Plant Science,
60, 78-88.

Elgharbawy,A.S. (2021). A review on Vinasse a by-product from
sugarcane industry. Trends in Petroleum Engineering, 1(2), 1-3.

El-Leboudi,A.,Ibrahim,S.,&Abdel-Moez,M. (1988). A trial for
getting benefit from organic wastes of food industry: I. Effect on
soil properties. Egyptian Journal of Soil Science, 28, 289-396.

Espana-Gambao,E.,Mijangos-Cortes,J.O.,Barahona-
Pérez,L.F.,Maldonado,J.D.,Hernandez-Zarate,G.,&Alzate-
Gaviria,L. (2011). Vinasses: Characterization and treatments.
Waste Management Resources, 29(12), 1235-1250.

FAO. (1970). Physical and chemical methods of soil and water
analysis. Soils Bulletin No. 10. Food and Agriculture
Organization of the United Nations (FAO), Rome, Italy.

Fridgen,J.L.,&Varco,J.J. (2004). Dependency of cotton leaf nitrogen,
chlorophyll, and reflectance on nitrogen and potassium
availability. Agronomy Journal, 96, 63-69.

Gee,G.W.,&Bauder,J.W. (1986). Particle-size analysis. In KluteA.
(Ed.), Methods of soil analysis, Part 1: Physical and
mineralogical methods (Agronomy Monograph No. 9, 2nd ed.,
pp. 383-411). American Society of Agronomy, Madison, WI.

Gomez,J.,&Rodriguez,O. (2000). Effect of vinasse on sugarcane
(Saccharum officinarum) productivity. Revista Facultade
Agronomia, 17, 318-326.

71



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Havlin,J.L. Tisdale,S.L.,Nelson,W.L.,&Beaton,J.D. (2014). Soil
fertility and fertilizers: An introduction to nutrient management
(8th ed.). Pearson.

Hébert,Y.,Guingo,E.,&Loudet,O. (2001). The response of root/shoot
partitioning and root morphology to light reduction in maize
genotypes. Crop Science, 41(2), 363-371.

Hidalgo,K. (2009). Vinasse in feed: Good for animals and the
environment. Feed Technology, 13(5), 18-20.

Hoarau,J.,Caro,Y.,Ground,l.,&Petit, T. (2018). Sugarcane vinasse
processing: Toward a status shift from waste to valuable resource,
a review. Journal of Water Process Engineering, 24, 11-25.

Hussain,N.,Khan,A.Z.,Akbar,H.,Bangash,N.G.,Khan,H.,&Idrees,
M. (2007). Response of maize varieties to phosphorus and
potassium levels. Sarhad Journal of Agriculture, 23(4), 881-888.

Jackson,M.L. (1958). Soil chemical analysis. Prentice Hall, Inc.,
Englewood Cliffs, NJ.

Kaushal,M.,Sharma,R.,Vaidya,D.,Gupta,A.,Saini,H.K.,Anand,A.,..
&KC,D. (2023). Maize: An underexploited golden cereal crop.
Cereal Research Communications, 51(1), 3-14.

Kirkby,E.A. (1968). Influence of ammonium and nitrate on the cation-
anion balance and nitrogen and carbohydrate metabolism of white
mustard plants grown in dilute nutrient solutions. Soil Science,
105(3), 133-141.

Klute,A.,&Dirksen,C. (1986). Hydraulic conductivity and diffusivity:
Laboratory methods. In Klute,A. (Ed.), Methods of soil analysis:
Physical and mineralogical methods (2nd ed., Agronomy
Monograph No. 9, pp. 687-734). ASA, Madison, WI.

72



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Luz,P.H.C. (2005). Novas Tecnologias no Uso de Vinhaca e Alguns
Aspectos Legais. Il Simpésio de Tecnologia de Producéo de
Acucar, Pirassununga, Séo Paulo, 53.

Madejon,E.,Lopez,R.,Murillo,J.M.,&Cabrera,F. (2001).
Agricultural use of three (sugarbeet) vinasse composts: Effect on
crops and chemical properties of a Cambisol soil in the
Guadalquivir River valley (SW Spain). Agriculture, Ecosystems
& Environment, 84, 55-65.

Mahmoud,S.A.,Siam,H.S., Taalab,A.S.,&EI-Ashry,S.M. (2019).
Significant use of vinasse as a partial replacement with chemical
fertilizer sources for spinach and barley production and their
effect on growth and nutrients composition of plants. Plant
Archives, 19(1), 1593-1600.

MALR-TheMinistryofAgricultureandLandReclamation.  (2007).
Cultivation of maize in ancient lands. Maize Research
Department, Agricultural Research Center (ARC), Central
Administration for Agricultural Extension Service (CAAES),
Bulletin No. 1065.

Mansoori,M.,Fazel, M.A. Jorfi,A.,&Machal,M. (2014). Effect of
salinity stress on nutrient uptake of sugarcane genotypes. Nova
Journal of Engineering and Applied Science, 2, 1-8.

Marschner,P. (2012). Marschner's mineral nutrition of higher plants
(3rd ed.). Academic Press.

Mengel, K., Viro,M.,&Hehl,G. (1976). Effect of potassium on uptake
and incorporation of ammonium nitrogen on rice plants. Plant and
Soil, 44, 547-558.

73



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Moran-Salazar,R.G.,Sanchez-Lizarraga,A.L.,Rodriguez
Campos,J.,Davila-Vazquez,G.,Marino-
Marmolejo,E.N.,Dendooven,L.,&Contreras-Ramos,S.M.
(2016). Utilization of vinasses as soil amendment: Consequences
and perspectives. SpringerPlus, 5(1), 1007.

Nelson,D.A.,.&Sommers,L. (1983). Total carbon, organic carbon, and
organic matter. In Page,A.L. (Ed.), Methods of soil analysis: Part
2. Chemical and microbiological properties (Vol. 9, pp. 539—
579). American Society of Agronomy, Soil Science Society of
America.

Olsen,S.R.,&Sommers,L.E. (1982). Phosphorus. In Page,A.L. (Ed.),
Methods of soil analysis, Part 2: Chemical and microbiological
properties (pp. 403-430). American Society of Agronomy, Soil
Science Society of America, Madison, WI.

Osman,MonaA. (2010). The possible use of diluted vinasse as a partial
replacement with mineral fertilizers source on wheat yield and
nutritional status on sandy soil. Nature and Science, 8(11), 245—
251.

Osman,MonaA.,Seddik,WafaaM.A.,&Kenawy,MonaH.M. (2016).
Agronomic evaluation of diluted vinasse as a source of potassium
fertilizers for peanut and carrot crops. Journal of Soil Sciences
and Agricultural Engineering, Mansoura University, 7(2), 107—
116.

Ouyang,D.S.,Mackenzie, A.F.,&Fan,M.X. (1998). Ammonia
volatilization from urea amended with triple super phosphate and
potassium chloride. Soil Science Society of America Journal,
62(5), 1443-1447.

Parnaudeau,V.,Condom,N.,Oliver,R.,Cazevieille,P.,&Recous,S.
(2008). Vinasse organic matter quality and mineralization

74



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

potential, as influenced by raw material, fermentation, and
concentration processes. Bioresource Technology, 99, 1553—
1562.

Peach,K.,&Tracey,M.V. (1956). Modern methods of plant analysis
(Vol. 1, p. 645-652).

Peterburgskii,A.V. (1986). Practical guidance on agro-chemistry.
Kolos Publishing House, Moscow.

Pettigrew,W.T. (2008). Potassium influences on vyield and quality
production for maize, wheat, soybean, and cotton. Physiologia
Plantarum, 133, 670-681.

Pinto,L.E.V.,Cordeiro,C.F.dosS.,DeAraujo,A.S.F.,&DeAraujo,F.F.
(2022). Vinasse improves soil quality and increases the yields of
soybean, maize, and pasture. Brazilian Journal of Agricultural
and Environmental Engineering, 26(5), 335-340.

Rehman,S.U.,Ahmad,M.,Haji,A.A.,&Ishaque,M. (2008).
Comparative performance and profitability of two corn hybrids
with organic and inorganic fertilizers. Pakistan Journal of
Agricultural Sciences, 45(3), 8-12.

SAS Institute Inc. (2013). SAS/STAT® 13.1 user’s guide. Cary, NC:
SAS Institute Inc.

Seada,T.,Mohamed,R.,Fletscher,T.,Abouleish,H.,&Abouleish-
Boes,M. (2016). The future of agriculture in Egypt: Comparative
full cost accounting study of organic and conventional food
production systems in Egypt. Heliopolis University, Cairo.

Seddik,W.M.A.,Osman,M.A.,&Kenawy,M.H.M. (2016). Utilization
of vinasse and feldspar as alternative sources of potassium
fertilizers and their effect on some soil properties and crop yield

75



J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

in sandy soils. Journal of Soil Sciences and Agricultural
Engineering, Mansoura University, 7(9), 669-675.

Shah,l.H.,Jinhui,W.,Li,X.,Hameed,M.K.,Manzoor,M.A.,Li,P.,..&
Chang,L. (2024). Exploring the role of nitrogen and potassium in
photosynthesis: Implications for sugar accumulation and
translocation in horticultural crops. Scientia Horticulturae, 327,
112832.

Silva,C.C.,Melo,C.A.,Soares,F.H.,Junior,Moreira,A.B.,Ferreira,O.
P.,&Bisinoti,M.C. (2017). Effect of the reaction medium on the
immobilization of nutrients in hydrochars obtained using
sugarcane industry residues. Bioresource Technology, 237, 213—
221.

Silva,J.,Cazetta,J.,&Togoro,A. (2015). Soil change induced by the
application of biodigested vinasse concentrate and its effects on
growth of sugarcane. Chilean Journal of Agricultural Research,
75(2), 249-254.

Sofyan,E.T.,&Sara,D.S. (2019). The effect of organic and inorganic
fertilizer applications on N, P, and K uptake and yield of sweet
corn (Zea mays saccharata Sturt). Journal of Tropical Soils,
23(3), 111-116.

Song,Y.,Birch,C.,Qu,S.,Doherty,A.,&Hanan,J. (2010). Analysis and
modelling of the effects of water stress on maize growth and yield
in dryland conditions. Plant Production Science, 13(2), 199-208.
https://doi.org/10.1626/pps.13.199

Sun,Z.,Hu,Y.,Shi,L. Li,G.,Pang,Z.,Liu,S.,..&Jia,B. (2022). Effects
of biochar on soil chemical properties: A global meta-analysis of
agricultural soil. Plant, Soil and Environment, 68(6), 272—289.

76


https://doi.org/10.1626/pps.13.199

J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

Szczerba,M.W.,Britto,D.T.,Balkos,K.D.,&Kronzucker,H.J. (2008).
Alleviation of rapid, futile ammonium cycling at the plasma
membrane by potassium reveals K+-sensitive and -insensitive
components of NH4 transport. Journal of Experimental Botany,
59(2), 303-313. https://doi.org/10.1093/jxb/erm309

Tejada,M.,Garcia-Martinez, A.M.,&Parrado,J. (2009). Effects of a
vermicompost composted with beet vinasse on soil properties, soil
losses, and soil restoration. Catena, 77, 238-247.

Tisdale,S.L.,Nelson,W.L.,&Beaton,J.D. (1990). Soil fertility and
fertilizer—Elements required in plant nutrition (4th ed.). Maxwell
McMillan Publishing, Singapore.

Vadivel,R.,Paramjit,S.M.,Suresh,K.P.,Yogeswar,S.,Nageshwar,R.
D.V.K.,&Avinash,N. (2014). Significance of vinasses waste
management in agriculture and environmental quality—Review.
African Journal of Agricultural Research, 9(38), 2862-2873.

Wang,M.,Zheng,Q.,Shen,Q.,&Guo,S. (2013). The critical role of
potassium in plant stress response. International Journal of
Molecular Sciences, 14, 7370-7390.

White,J. (2000). Potassium in agriculture (2nd ed.). Agrow Australia
Publishing Ltd., Sydney, Australia.

Yang,M.,Zhou,D.,Hang,H.,Chen,S.,Liu,H.,Su,J.,Lv,H., Jia,H.,&Zh
a0,G. (2024). Effects of balancing exchangeable cations Ca, Mg,
and K on the growth of tomato seedlings (Solanum lycopersicum
L.) based on increased soil cation exchange capacity. Agronomy,
14(3), 629.

Yassen,A.A. Arafat,S.M.,&Zaghloul,SaharM. (2002). Maximizing
use of vinasse and filter mud as by-products of sugar cane on

77


https://doi.org/10.1093/jxb/erm309

J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

wheat production. Journal of Soil Sciences and Agricultural
Engineering, Mansoura University, 27(11), 7865-7873.

Zahoor,R.,Dong,H.,Abid,M.,Zhao,W.,Wang,Y.,&Zhou,Z. (2017).
Potassium fertilizer improves drought stress alleviation potential
in cotton by enhancing photosynthesis and carbohydrate
metabolism. Environmental and Experimental Botany, 137, 73—
83.

Zhao,D.,Oosterhuis,D.M.,&Bednarz,C.W. (2001). Influence of
potassium deficiency on photosynthesis, chlorophyll content, and
chloroplast ultrastructure of cotton plants. Photosynthetica, 39(1),
103-109. https://doi.org/10.1023/A:1012404204910

78


https://doi.org/10.1023/A:1012404204910

J. Agric. & Env. Sci. (Damanhour University) 2025, 24(1): 47 -79
Print: ISSN 1687-1464 Online: ISSN 2735-5098

g..i)ﬂ‘uaﬂ.d\
KJS.\\;Q;U\J!J‘,AJU.‘Gewﬁggﬂg&&GJwaU#\ﬁﬁ&)ﬁﬁ
elba‘\_yh/ﬁjcer_am/i‘Algsjg\é})\éd\x.c/d.i‘q}j)j\.\gcw\/dj

Bl ¢ ) sgiad ¢ seiad daala Aol A el ) ) Aigl) g Apmpdall o)) gall 4l
bl Llaal) e 53 saaall Led a8 ¢ HJ—‘-‘S Cbpaas Al I 4 yill 4l 55
30l 3 s Ayl A st Cpeen Al 5l o3 Calagid A0 aliall e L) gina (i s
(Pioneer P4444) —sivas Al J sana dpalii) ad )5 4002al) jaliall (al sl
il ) (g gme A€ (Vinasse) Adlall (ulidll Slalia (e GUall 450 alads by
JSh ) S & 5 J 58S ddalaa pe in () Gis (NPK dbe—u (e ddlide &Y a2a
el 4 Sl (ailiad s &5 caal 5 an se IS Ganal 83,0140 ) ) Cadi Alalaa
il Lay «Dlalaall gan 8 4 il As sle gL ) geiliil) < jelaf Ayl g Aslal
e o A small Balall (5 gine oend LS uliadl) D) die (pH) s soued) (oY)
o Jsisill 5 g yil) (pe AalS de ja Cviaad Sl Alabaal) Ll ¢ uliadl) S llas
¢ sl gl G A S (5 s (A8 S Baly ) Calas gl g a gl sl 4 guiac g Apinen alae
S8 ccnilll Ao wailly Ll Aliie clalai) ) siaa sdll 5 Cpam g il <l 58 55 pelal o B
o il K g NP (0 S de ja e Al Alalaal) 8 (5 i s sinae e
S el dpe il Alelaad A8S0 Al W) 038 il ey s aime 5 Ariana laas
58S el Jans LS Wil g Uaai o gl gl 5y gions il sl s ol ek <(NPK
s g0 K—) 2a NP (5 gz o sall Ao jall Bkl die o il 5 o spllSll
IS8 Qs sl (5 gima s ) sall ) ) Al (5 sl o5 Adalida 5l 4y sane
e llall AUt ol ged Jame e b s JsuSIL &5 jlie o llaal) gaes 3 15 ale
Albisa) o dpaeall jaliadl) e JS 0 K =) g NP (30 L2 (oo 5l Aol aladiia
O g il e Ailese Y ana &e 42w dic (Vinasse —1 (:\Aiﬁ.u\ Qi CJU&]\ oda S

(53 a5 5 Al A ) & e Cpuanil Ylad Lags 5% Of Sy s sill 5

SO ¢ ol gl daniill cCaiaall il Calig 3 AdNal) cilalSl)

All Rights Reserves. This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 Unported License (CC @@@@
BY-NC_ND) BY NC ND

79


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

