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WO FIELD experiments were carried at the Ismailia Agricultural Research Station during

the summer seasons of 2018 and 2019 to study some characteristics of sandy soil treated
by three types of additives and cultivated by maize. Additives mixed with soil were the dried
water hyacinth, straw of faba beanand compost each is loaded by 25, 50, and 100% of the
recommended dose of nitrogen N and phosphorous P mineral fertilizers. Different treatments
including control were distributed in a complete randomized block design with three replicates.
Water holding capacity (%), field capacity (%), electrical conductivity (dSm™), bulk density
(g cm™), cation exchange capacity (cmol_ kg™') and organic matter (%) content of soil before
cultivation and after harvesting were estimated. Maize yield (kg ha') and some yield components
were also calculated for different treatments. Results indicated that after harvesting, water-
holding capacity increased significantly by 20% using dried water hyacinth, non-significantly
by 10 and 5% using bean straw and compost, respectively, compared to control at 100% NP
application rate. Field capacity increased by 37.5% using dried water hyacinth and bean straw
and by 12.5% using compost compared to the control. Non-significant change was observed
in soil EC (dSm™) before planting and after harvesting. The application rate 100% NP showed
the least bulk density values significantly decreased by 7.78% for compost, 4.44% for dried
water hyacinth, and by 2.78% for beanstraw compared to the control. At application rates 50
and 100% NP, compost treatments provided the maximum available P and K in soil followed
by dried water hyacinth then bean straw. At application rate 100% NP, yield of maize dry matter
(kg ha'') significantly increased by 120.34, 116.96 and 27.44% for dried water hyacinth, bean
straw, compost, respectively. Seed yield (kg ha') increased significantly by 136.3, 135.85, and
33.63% for bean straw, dried water hyacinth, and compost, respectively.
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Introduction which is resulting in environmental pollution and
. . . . health hazards. Agricultural residue disposal via
So.ﬂ degr.adatlon apd environmenta ! pollu.tl.on dup open burning of biomass affects the global climate
to intensive use of inorganic chemlqal fertlhz.ers is change by emitting particles and vapour pollutants
increasing. It is accompanying the increase in the (Lu et al., 2009). Utilization of such by-products
crop production to meet the Work,i populations’ is a method to control environmental pollution.
need;. Nowadays’ the world 18 prlﬁ:nted towgrd The main components of agro-industrial residues
sustainable agriculture to. minimize pollution (cellulose, hemicellulose, and lignin) are complex
sources. The use of organic fertilizers out of plant with low biodegradability, due to their resistance
residues and animal manures have shown many to degradation by microorganisms (Abd El-Galil &

advantages over chemical fertilizers and are Ebtehag, 2011 and Istirokhatuna et al., 2015)
recommended in agricultural practices worldwide ’ N '
(El-Gizawy et al., 2013). The importance of compost to crop productivity
) has been recognized widely as an alternative
On the other hand, the annual agriculture by- nutrient source (Abdelhamid et al.,, 2004). It

products in Egypt are around 30 million tons of dry

. . improves soil structure, soil organic matter, CEC
material. Most of crop residues are burned or wasted, P ’ & ’ ’
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pH, water retention, and decreases the need to
fertilizers (El-Gizawy et al., 2013). The use of any
organic manure in addition to the mineral NPK
fertilizers increases dry matter, yield, and N, P,
and K uptake by plants (PDA (www.pda.org.uk)
2009).

Most legumes used for human consumption
produce by-products that are usually utilized as
animal feeds. Faba bean (Vicia faba L.) is one of
the most important grain legumes in Egypt and
bean straw is important species of biomass. Straw
has always been an important by-product of cereal
production, with its main use as feed and bedding
for livestock (Abd El-Galil and Ebtehag, 2011).

The recent rise in the price of fertilizer
nutrients has led to a detailed consideration of
straw. Straw showed a value for the fertilizer
nutrients. Incorporating straw in soil may have
some benefits being an additional organic matter
to the soil, can help to improve soil structure,
and returns the nutrients in the straw to the
soil. Disadvantages may include incorporation
difficulties and competition with crop for
available soil nitrogen. Analysis showed that the
nutrient content of spring cereal straw is higher
than of winter straw, and that the potash content of
straw is much higher than the phosphate content
(Zhichen et al., 2011 and PDA, 2009).

Water-hyacinth (Eichhornia crassipes) is an
important aquatic plant that is widely spreading
in many countries and threatens water ecosystems
throughout the world like Egypt, India, and
Australia. It is a floating plant species rapidly
cover the whole waterways to reach tons of wet
weight. It forms dense, impenetrable mats over
the water surface, resulting in blocking irrigation
channels and rivers, restricting livestock access to
water, reducing infiltration of sunlight, changing
the temperature, pH and oxygen levels of water,
increasing water loss through transpiration (T¢llez
et al., 2008). There has been an emphasis on
converting water hyacinth into useful resources,
including animal feed, composted fertilizer or
for bio-energy production, but its high moisture
content limits its handling (Abdelhamid et al.,
2004; El-Gizawy et al., 2013 and Abdel Shafy et
al., 2016).

The optimal growth conditions are 25°C -
27°C, growth stops if water temperature below
10°C or above 40°C, at pH 7 (pH 3.2-4.2 is very
toxic for the plant, 4.2—4.3 inhibitory(Lu et al.,
2009; Abd El-Galil and Ebtehag, 2011). Location
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and season affect its chemical composition.
Constituents of the dried waterhyacinth on dry
weight basis were 10% crude protein, 11% ash
and 79% organic matter varying between different
plant organs such as leaves stems and roots
(Abdel Shafy et al., 2016). Such plants could be
used as a biological indicator for environmental
contamination by heavy metals due to its ability
to uptake some toxic heavy metals such as Cd, Zn,
Cu and Pb within their tissues (Abdel-Sabour et
al., 1996; Abdel Shafy et al., 2016). It is suitable
as animal fodders due to their valuable nutrient
contents with care not to collect such plant from
contaminated water (Abdel Shafy et al., 2016).
The fresh stalks comprises of 90-95% of water
while dried stalk has good amount of cellulose,
hemicellulose and lignin (PDA, 2009).

Chemical analysis indicated that extracts
of leaves contain biologically active phyto-
chemicals including antiviral, antifungal,
antitumor, antimicrobial and antibacterial agents
(Abdelhamid et al., 2004). Extracts may be
used together with known drugs or utilized for
developing pharmacological agents.Functional
medicinals include flavonoids, alkaloids, tannins,
carotenoids, and phenols (Baral et al., 2011 and
Baral & Vaidya, 2011). Water hyacinth is rich in
oxidative enzymes and non-enzymatic antioxidant
metabolites may be involved in the chemical
defences of plants against plant pathogens.
The foliar spray using the E. crassipes extract
significantly decreased the wheat leaf spots and
increased grain yield (Haggag et al., 2017).

This work aims to study the utilization of two
types of agricultural wastes in sandy soil cultivated
by maize.They are the dried water hyacinth and
straw of faba bean in comparison with compost.
The study focuses on their efficiency in improving
soil moisture content as well as its nutritional status.
The ultimate goals of the study are to: (a) improve
some moisture properties of sandy soil to safe its
water requirements, (b) increase use efficiency of
chemical fertilizers applied for sandy soil, and (c)
effective utilization of the studied plant residues as
sustainable organic additives for sandy soil.

Materials and Methods

Area of study

The field experiment has been carried out during
the summer seasons of 2018 and 2019 at the Ismailia
Agricultural Research Station, (30°35°30” N 32° 14’
50” Eelevation 3 m) Agricultural Research Center
(ARC). Some properties of the experiment sandy soil
(BypicTorripsamment, Entisol [Arenosol AR] (FAO,
2014)) are presented in Table 1.
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TABLE 1. Some characteristics of the experiment soil before cultivation

Particle size distribution (%)

Coarse sand  Fine sand

70.12 14.32
CaCO Organic
Texture class ek 43 Matter
# oM(eke)
Sandy 3.8 2.6

Silt Clay
6.22 9.34
pH! Electrical Conquctivity EC
(dS m)*
7.90 0.40

Available nutrients (mg kg™)

N

25.50

2.20 55.16

T (1:2.5 soil: water suspension) *(1:5 soil : water extract)

Materials used in the study and planting

The studied additives were water hyacinth
(A) collected from the Abo-Khalifa village 17
km Ismailia — Port Said Road at the end of the
Ismailia canal, straw of faba bean (B) obtained
from the experimental farm, and compost (C).
Both A and B were air-dried for 10 days and cut
into 5-10 mm specimens. Some of their properties
were estimated and presented in Table 2.

All organic additives were mixed with surface
soil at a constant application rate for each one that
is 47.62 m? ha' equivalent to11.9, 19.1 and 23.8
ton ha! of A, B, and C, respectively.

Mineral fertilizers were nitrogen (N) as
ammonium sulphate and phosphorous (P) as
super phosphate mixed with A, B, or C additives.
Three application rates 1, 2, and 3 of mineral NP
were 25%, 50% and 100%, respectively, of the
recommended doses (333.2 kg N ha' and 36.89
kg ha' as P,O,) were used; each of which was
divided in two halves. One-half was mixed with
the desired dose of the organic additive treatment,
left for a weak, then mixed with surface soil
before sowing. The second half of the desired
NP dose was applied forty days after sowing in
three additions. One dose of K;114.24 kg ha'!, was
applied sixty days after sowing as K,O.

Mineral NP treatments without organic
additives were used for comparison. They included
a control treatment at recommended dose as well
as mineral (M) treatments at 25% (M1), 50%
(M2), and 100% (M3) of the recommended NP
dose. All thirteen treatments were distributed in

a complete randomized blocks design with three
replicates and plot area 3.6 m x 4 m.

Each plot has received the desired treatment
before sowing, maize seeds were sown on 5 May
2018, and 5 May 2019 after soil preparation as
mentioned. Irrigation was scheduled to meet the
water requirements for maize (6190.5 m® ha')
at the field capacity of soil with its saturation
percentage 20%. Fertilization and other agronomic
practices were followed according to the Ministry
of Agriculturerecommendations.

Soil and plant sampling

Representative soil samples from all treatments’
plots were taken after application of different
treatments before sowing as well as after harvesting
maize crop to estimate the following characteristics
(Black 1982): water holding capacity (WHC, %),
field capacity (FC, %), electrical conductivity (EC,
dSm!), bulk density (BD, g cm™), cation exchange
capacity (CEC, cmol  kg') and organic matter
content (OM %).

At harvest, each plot contained around eighty
plants from which plant samples were randomly
selected and air-dried. Yield (tha') and some yield
components such as seed yield (tha™'), 100-seeds
weight (g), and shelling (%) have been calculated
based on the seed yield per plot area and the mean
of the two seasons was recorded.

Analysis of soil and plant samples’ content of N,
P and K

The soil available N, P, and K were extracted by
1% K,SO,, 0.5 N NaHCO,, and 1 N NH,OAc (pH
7.0), respectively (Black, 1965; Jackson,1973).
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Maize seeds and straw were dried at 70°C for 48 h
and ground. A half gram of the ground seeds and/
or straw was wet digested using the acid mixture
(1:1 H,SO,/HCIO,) (Chapman and Pratt, 1961).
Total concentrations of N, P and K in plant and
soil extracts were estimated by distillation using
Kjeldahl apparatus, colorimetrically by the UV-
Vis. Spectrophotometer and by flame photometer,
respectively.

Nutrient Use Efficiency Indices: they were
calculated for A, B, and C treatments according
to Craswell and Godwin (1984) and Roozbeh et
al. (2011). Use efficiency (UE) also expressed
as apparent recovery (AR) as well as agronomic
efficiency (AE) for both N and P fertilizers
applied along with A, B, and C were calculated
as follows:

Nutrient Use Efficiency (UE/AR) =
(Pn-Pn)

x 100
Fertilizer rate (N or P, kg ha-1)

P_= seed nitrogen (N, g kg™') and/or phosphorus
(P, g kg™

P .= seed N in fertilized plots f = fertilized plots
(by A, B, or C)

P, = seed N in non fertilized plots 0 = non-
fertilized plots (M control treatments)

Agronomic Efficiency (AE) =
Y£YO0
Fertilizer rate (N or P, kg ha-1)

Y = seed yield (kg ha)

Statistical analysis
The statistical significance (LSD) of treatments
effect was estimated by the one-way analysis of

variance (ANOVA) (Gomez and Gomez, 1984).
Calculations were carried out at a significance
level P = .05 using the Co-State software Package
(Ver. 6.311), a product of Cohort software Inc.,
Berkley, California.

Results and Discussion

The organic materials used in the present
study possessed different properties as presented
in Table 2. Water hyacinth A had the maximum
moisture content (%), minimum bulk density (g
cm?) and minimum total NPK content (g kg™).
Faba bean straw B showed minimum moisture
content (%), middle values of bulk density and
total NPK content between A and C. Compost
C had a middle value of moisture content (%),
maximum bulk density and maximum NPK
content.

Materials A, B, and C showed neutral pH
and non-saline EC (dS m™), which will not
alter soil pH or EC. The role-played by A, B,
and C, especially after loading by NP fertilizers
and applied to sandy soil is dependent on their
different properties(Abd El-Galil & Ebtehag,2011
and Bhuvaneshwari & Sangeetha, 2016).

Effect of the applied materials on the moisture
properties of the experimentsoil

Table 3 shows that treatments of A at 25,
50, and 100% NP application rates, increased
the WHC (%) and FC (%) before planting
compared to control significantly by 50 and
100%, respectively. Non-significant increase in
the WHC before planting was by 25% in case of
C and by 20% in case of B compared to control
while FC significantly increased by 62.5% for
C,then by 37.5% for B.

TABLE 2. Some properties of air-dried materials used before applicationin the study

Total g kg™
CEC
BD/, EC, ’
Material Moisture, % cm‘3g pH* (I:n_lds cmol,
kg N P K
Water hyacinth (A) 26 0.25 7.51 1.18 - 8.78 2.23 12.3
Straw of FB (B) 16 0.40 7.00 1.43 - 12.8 2.9 15.1
Compost (C) 23 0.50 7.74 0.87 47 19.5 8.0 20.4

" Bulk Density, g cm?
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TABLE 3. Water holding capacity (WHC) and field capacity (FC) of soil for different treatments

Before planting After harvesting
Application rate Treatment
WHC (%) FC (%)’ WHC (%) FC (%)*
Control 19 8 20 8
Ml 20d 8d 20e 8d
Al 30a 16a 24a 11a
25% NP
B1 24c¢ Ilc 21d 10b
Cl 25b 13b 21d 9c
M2 20d 8d 20e 8d
A2 30a 16a 23b 1la
50% NP
B2 24c¢ Ilc 22¢ 11a
Cc2 25b 13b 21d 9¢
M3 20d 8d 20e 8d
A3 30a 16a 24a 1la
100% NP
B3 24c¢ 11c 22¢ 11a
C3 25b 13b 21d 9c
LSD,, 6.80 1.18 3.44 7.03
Significance of factors oAk oAk oAk HA
TAfter 24 hr of irrigation

After harvesting, WHC (%) increased
significantly by 20% using A, non-significantly by
10 and 5% using B and C, respectively, compared
to the control at 100% NP application rate. In
addition, FC (%) increased by 37.5% using A and
B and by 12.5% using C compared to the control.

Obviously, varied values of WHC and FC for
the studied soil amended by A, B, C, and D did
not change by increasing the application rate of
NP fertilizers from 25 to 100%. This indicates
that variation in WHC and FC of soil is due to
different properties of A, B, C, and D rather than
loading by NP fertilizer. Water hyacinth A showed
higher moisture content (26%) than C (23%) and
B (16%) and lower bulk density (0.25 g cm™) than
B (0.4 g cm™) and C (0.5 g cm™). Hydrophilic
light plant fibers of A when mixed with soil may
provide better textural properties of sandy soil
and may make it less compacted than the more
dens B or C.Water hyacinth (A) was a better
carrier for mineral NP fertilizersthan B and C
compared to the sole application of NP fertilizers
without organic additives although A showed
minimumNPK content (Abdelhamid et al., 2004
and Zhichen et al., 2011).

Effect of applied materials on the electrical
conductivity and bulk density of the experiment soil

As expected, amending sandy soil under
study by A, B, and C showed non-significant
change in its EC (dSm™) neither before planting
nor after harvesting (Table 4). This is because
soil, A, B, and C are all in the same range of EC:
0.4 — 1.43 dSm™'. However, EC of soil increased
in the order: B < A < C compared to the control
and regarding NP application rate in the order:
25% < 50% < 100% NP.Maximum increase was
by 13.16% recorded for C3 treatment. Compost
(C) had higher nutrient content than A or B in
addition to its load of NP fertilizers. It releases
solublenutrient moieties more than A and B and
hence showed greater EC. Upon mixing additives
with soil, the chemical state of soluble salts
(cations and anions) may be alteredby different
organic and inorganic constituents of soil. Also,
textural properties of soil containing A, B, or C
behaves different in its leaching characteristics.
In turn, different treatments showed different EC
values of soil (Abdel Shafy et al., 2016).

Egypt. J. Soil. Sci. 60, No.1 (2020)
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TABLE 4. Electrical conductivity (EC) and bulk density (BD), Cation exchange capacity (CEC) and organic
matter (OM) content of soil of soil for different treatments

Before planting After harvesting CEC%
Application rate Treatment EC BD, EC BD, (cmolc  OMI (%)
(dSm™)¥ gcm? (dSm™)f g cm? kg™)
Control 1.14bc 1.80a 1.12bc 1.80a 4.17bcd 1.65ab
M1 1.12¢ 1.80a 1.10c 1.79a 3.59d 1.64ab
Al 1.20abc 1.74abc 1.24abc 1.71a 4.05¢d 1.21c
25% NP
Bl 1.14bc 1.76abc 1.13bc 1.75a 4.17bcd 1.77a
C1 1.25ab 1.69bc 1.27ab 1.68a 5.79ab 1.76a
M2 1.13bc 1.80a 1.12bc 1.78a 4.02cd 1.59ab
A2 1.22abc 1.74abc 1.23abc 1.72a 4.75abcd 1.60ab
50% NP
B2 1.15bc 1.75abc 1.14abc 1.74a 5.25abced 1.76a
C2 1.28a 1.68bc 1.30a 1.68a 6.25a 1.48abc
M3 1.13d 1.80a 1.15abc 1.80a 4.75abed 1.47abc
A3 1.22abc 1.72abc 1.26abc 1.71a 4.17bcd 1.62ab
100% NP
B3 1.14bc 1.75abc 1.17abc 1.75a 5.56abc 1.35bc
C3 1.29a 1.66¢ 1.30a 1.65a 6.29a 1.70a
L.S.D 5% 0.13 0.09 0.16 0.17 1.71 0.32
Significance of factors ns * ns ns * *

YEC in soil saturation extract *before planting: CEC = 3.24 cmol_kg', OM = 1.36 %

Mixing sandy soil with A, B, or C decreased
soil BD (g cm?) significantly before planting
compared to the control M in the order B>A > C
(Table 4). The application rate 100% NP showed
the least BD values significantly decreased by
7.78% for C3, 4.44% for A3, and by 2.78% for B3
compared to the control M.

Bulk density decreases when either weight unit
decreases in unit volume or volume unit increases
with respect to weight unit. Although C itself had
greater BD = 0.5 g cm>than B (0.4 g cm?) or A
(0.25 g cm?), it showed less soil bulk density.
Thiseffect may be caused by soil particles mixed
with compost and distributed between different
components of compost.Such sand particles of soil
differentiate compost particles,create in between
voids, and expand volume of applied weight of
compost.Therefore, BD of soil decreased by C
due to increased volume of soil. Same effect may
apply to A and B but to less extent because lower
weight of A or B is in unit volume that is less
affected by soil particles. Increased soil volume
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may lead to escape of water and leaching of
nutrients from expanded matrix, decrease WHC
and FC as well as available nutrients.

Planting and agronomic practices throughout
the maize cultivation season affected the soil so
that variation in BD was non-significant after
harvesting for different treatments as indicated
by Table 4. However, same effect of A, B, and
C, observed before planting may apply after
harvesting but non-significantly (Ewis et al.,
2014).

Cation exchange capacity (CEC) and OM of
soil are built up on the long range and not easily
changed at short time. Additives in the present
study significantly affected both CEC (cmol_kg™)
and OM (%) of the experiment soil compared to
the control treatments, which may be expected a
temporary change over the season of application.
Soil CEC significantly increased in the order C
> B > A, and increased as the application rate
increased from 25% NP to 100% NP. This is
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may be due to a higher content of the completely
composted organic matter in compost C compared
to un-composted organic A and B. However,
presence of bioactive phyto-chemicals and
ligands in A and B may enhance their adsorption
capacity, which increases CEC compared to the
control. Increase in therate of NP fertilizerfrom
25 to 100% increased the concentration of soluble
N and P nutrients bound and/or adsorbed to the
particles of A, B and C. Particles are dispersed
and give greater surface area, adsorption capacity
and hence CEC.

Observed decrease in some OM (%) values
may refer to consumption of OM solubilized
under the effect of increased rate of NP to 100%
of the recommended dose.

Available N, P, and K in soil

Table 5 shows a significant variation in the
available N, P, and K in soil treated by A, B, and
C loaded by NP fertilizers compared to control
values before cultivation and after harvesting.
Application of the NP fertilizers increased
nutrient availability in soil by different degrees
depending on the type of carrier matrix whether
itis A, B, C, or without organic additive (control).

TABLE 5. Soil available NPK after harvesting

More available N, P, and K often enhance uptake
by plant and sometimes decrease residue in soil
(El-Basioni et al., 2015; El-Gizawy et al., 2013).

At application rates: 50 and 100% NP, C2 and
C3 treatments provided the maximum available
P and K in soil followed by A2 and A3 then B2
and B3. This is in agreement with their NPK
content shown in Table 2 except for N. The
decreased available N from compost may be due
to N consumption by microorganisms in compost
compared to A and B.

Effect of the studied treatments on yield and yield
components

Yield of maize dry matter, ears, and seeds (kg
ha'') significantly increased by additives applied
to soil as presented in Table 6. Compared to the
control, application rate of 25% NP with A, B, C,
reduced the dry matter yield (kg ha')significantly.
This may be attributed to the smaller dose of NP
fertilizers than recommended being less than
maize requirement. Nutrient imbalance and the
textural properties of A, B, C mixed with soil may
affect nutrient mobility through soil matrix and
decrease their uptake by plant.

Available (mg kg-1)

Application rate Treatment
N P K
Before planting 26.9f 2.4bcd 55.5¢
Control 38.7¢c 2.4bcd 73.3d
M1 38.7¢c 2.2cd 73.3d
Al 38.7¢c 1.2d 55.8¢g
25% NP
B1 35.3d 2.7bc 55.8¢g
Cl 35.3d 4.5a 146.6a
M2 38.7¢c 2.1cd 83.6¢
A2 48.8a 2.9bc 62.8f
50% NP
B2 35.3d 1.9cd 55.8¢
C2 30.6e 3.8ab 132.6b
M3 35.2¢g 2.4bcd 83.7¢c
A3 35.3d 2.3cd 73.3d
100% NP
B3 45.4b 1.8cd 66.3¢
C3 32.0 bed 4.5a 132.6b
L.S.D 5% )TV 1.48 1.71
*okok * EET]

Significance of factors
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TABLE 6. Yield and some yield components

Application Dry matter yield  Ears yield (kg seed yield (kg 100-seed Shelling
rate Treatment (kg ha) ha) ha™) wt. (g) (%)t
Control 3497.2f 2513.9f 1941.2¢ 25.18abc 7722 a
M1 377.81 313.91 238.1i 29.04abc 7584 a
Al 1463.9j 1018.1j 860.5g 23.53bc 84.52 a
25% NP
Bl 2496.5h 1865.9h 1563.3f 32.67a 83.78 a
C1 1719.41 1279.2i 972.2g 31.63ab 76.00 a
M2 1020.1k 836.1k 693.5h 23.37bc 8294 a
A2 4090.9d 2903.5d 2488.5¢cd 27.90abc 8571 a
50% NP
B2 5235.4b 4113.9b 3432.8b 28.79abc 83.44 a
C2 3802.1e 2788.9¢ 2378.2d 29.51abc 8527a
M3 2969.4g 2233.3¢g 1916.7¢ 25.81abc 8582 a
A3 7705.6a 5472.9a 4578.3a 29.14abc 83.65a
100% NP
B3 7587.5a 5427.8a 4587.1a 27.81abc 84.51a
C3 4456.9¢ 3175.0c 2594.0c 22.78¢c 81.70 a
L.S.D 5% 147.13 111.23 141.76 8.74 17.49
Significance of factors oAk Ak HAK ns ns

T Shelling (%) = (Seed weight (g)/Ears weight (g)) x 100

When the fertilizer dose increased to 50% NP,
dry matter yield (kg ha') of maize significantly
increased by 49.7, 16.98, and 8.72% for B, A,
C, respectively, compared to the control. At
application rate 100% NP, the dry matter yield (kg
ha') significantly increased by 120.34, 116.96,
27.44% for A, B, C, respectively.

Similarly, ears yield (kg ha') of maize at 25%
NP application rate decreased significantly by
59.5,49.11, and 25.78% for A, C, B, respectively,
compared to the control. At rate 50% NP ears
yield increased significantly by 63.65, 15.5, and
10.94% for B, A, C, respectively. At rate 100%
NP, cars yield increased significantly by 117.71,
115.91, 26.3% for A, B, C, respectively.

Seeds yield (kg ha') decreased significantly
at rate 25% NP by 55.67, 49.92, 19.47% for A,
C, B, respectively. At rate 50% NP, Seeds yield
was increased significantly by 76.84, 28.19, and
22.51% for B, A, and C, respectively. At rate
100% NP, it was increased by 136.3, 135.85, and
33.63% for B, A, and C, respectively.
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Considering maize yield and yield components,
A was almost the most significant when loaded by
100% NP fertilizer followed by B then C. Physical
and chemical properties of A provided optimum N, P,
and K availability, better textural and moisture state
and more stable supporting matrix for sandy soil.
These advantages may apply to B matrix but to a less
extent. Decreased efficiency of compost C compared
to A and B may be due to its biodegradability in
addition to presence of microorganisms that consume
N and decrease available N in soil. Presence of
biologically active phyto-chemicals in A inhibits
organisms’ activity and hence keeps its N content
available for plant. It offers some chemical defence
against plant pathogens (Abdelhamid et al., 2004 and
Haggag et al., 2017).

Variation in the 100-seed weight (g) and shelling
(%) was non-significant for different treatments.
However, maximum values of 100-seed weight were
recorded for B and C at 25% NP rate increased by
29.75 and 25.62%, respectively, while minimum
values were recorded for C at 100% and M at 50%
decrease by 9.53 and 7.19%, respectively.
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Effect of the studied treatments on the total N, P,
and K content in maize seeds and straw

Table 7 shows significant increase in the
total N in maize seeds and almosttotal N, P,
and K content in straw compared to the control.
Treatments A1-A3 showed the most significant
increase in seed N (g kg') by 22.29% because
A provided the most significant available N in
soil. Compost treatments C1-C3 showed non-
significant maximum increase of seed content
of P and K by 73.13 and 10.79 %, respectively
at 100% NP rate. This is because C provided the
most significant available P and K in soil.

Almost significant increase can be observed
for N, P, and K content in maize straw. At rate
100% NP, A3 showed the most significant
increase in N and K content (g kg') in straw
by 26.73 and 42.3%, respectively, compared to
the control.The treatment C3 increased straw P
content significantly by 47.37% compared to the
control, similar results were obtained in sandy soil
(El-Dissoky et al., 2017).

Nutrient use efficiency affected by different additives
Nitrogen use efficiency
Another goal of loading of A, B, and C as
supporting matrix by NP fertilizers in the present
study is to provide efficient utilization of nutrients

TABLE 7. Total N, P, and K in maize seeds and straw

in sandy soil and safe them from leaching. Use
efficiency for N and P nutrients; NUE and PUE,
as well as their agronomic efficiency (AE) were
calculated for treatments of A, B, and C loaded
by NP fertilizers at different rates. Figure 1 shows
that NUE and PUE decrease when application
rate increases from 25 to 100% NP for A, B, and
C.Nitrogen UE decreased by 80.56, 66.67, and
33.33%, while PUE decreased by 67.62, 65.37,
and 72.31% for A, B, and C, respectively. Water
hyacinth A showed the maximum NUE while
compost C showed the maximum PUE at different
application rates of NP fertilizers.

This behaviour indicates that the rate of 100%
NP that is a recommended dose in absence of a
carrier matrix provides excess N and P nutrients,
which may leach from soil. Mixing NP fertilizers
with a carrier like A, B, or Cdecreased leaching
due to improved soil physical characteristics like
WHC, FC, and BD (Craswell and Godwin, 1984).

Figure 2 indicates that maximum AE can be
obtained for N and P nutrients by mixing A, B, or
C with 50% NP of the fertilizers’ recommended
dose. Increasing the rate of NP fertilizers to 100%
recommended dose would decrease its AE for N
by 25.93, 51.22, and 77.27%, and for P by 25.82,
51.22, and 79.9% for A, B, and C, respectively.

Seeds (g kg™")

Straw (g kg™)

Application rate Treatment
N P K N P K
Control 10.65bc 2.70ab 4.28b 5.38d 1.7cd 5.95de
Ml 10.44c¢ 2.43ab 4.28b 5.74a 1.7cd 7.15abed
Al 13.44a 3.70ab 5.12ab 6.72bcd 0.9¢ 7.06abed
25% NP
Bl 11.20bc 3.57ab 5.05ab 6.72bcd 0.9¢ 6.68cde
Cl 11.20bc 3.93ab 5.49ab 8.74a 2.2abc 8.32a
M2 10.55bc 2.50ab 5.10ab 6.39abc 1.3de 6.43cde
A2 13.44a 3.93ab 5.51ab 7.38d 1.4de 7.44abc
50% NP
B2 12.10ab 3.57ab 4.67b 7.39abc 2.0bed 7.61abc
C2 11.20bc 4.13a 5.19ab 7.39abe 2.5ab 7.61abc
M3 10.99d 2.27b 5.56ab 6.36¢ 1.9¢ 5.65¢
A3 13.44a 3.92ab 5.47ab 8.06ab 2.6ab 8.04ab
100% NP
B3 12.10ab 3.85ab 5.07ab 8.06ab 2.4abc  6.81bcde
C3 12.99a 3.93ab 6.16a 8.05cd 2.8a 6.89bcde
LSD,, 1.62 1.75 1.48 1.48 0.72 1.27
Significance of factors o ns ns * HHE ok

Egypt. J. Soil. Sci. 60, No.1 (2020)



62

MOHAMED S. MOHAMED AND RAMA T. RASHAD

Nitrogen and Phosphorus Use Efficiency
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Fig.1. Nitrogen and phosphorus use efficiency for A, B, and C treatments at application rates 25, 50, and 100% NP

Nitrogen and Phosphorus® Agronomic Efficiency
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Fig. 2. Nitrogen and phosphorus agronomic efficiency for A, B, and C treatments at application rates 25, 50, and
100% NP (*Value divided by 10 to fit the plot scale)
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Conclusion

Water hyacinth (A) and faba bean straw
(B) were promising as sandy soil amendments
compared to the conventional compost (C).
Compost possessed greater BD = 0.5 g cm? than
B (0.4 g cm™) or A (0.25 g cm™) but showed less
soil bulk density. This may be due to sand particles
of soil that differentiate compost particles, create
in between voids, and expand volume of applied
weight of compost. Volume of soil increased
versus weight unit of compost more than A and
B.Increased soil volume may lead to escape of
water and leaching of nutrients from expanded
matrix and decrease WHC and FC. Water holding
capacity (WHC, %) increased significantly by
20% using A, non-significantly by 10 and 5%
using B and C, respectively.

At application rate 100% NP, seed yield of maize
(kgha') increased significantly by 136.3, 135.85, and
33.63% for B, A, and C, respectively. Treatments of A
showed the most significant increase in seed N (g kg
1 by 22.29% because A provided the most significant
available N in soil. Compost (C) treatments showed
non-significant maximum increase in seed content of
Pand K by 73.13 and 10.79 %, respectively at 100%
NP rate because C provided the most significant
available P and K in soil.

Physical and chemical properties of A provided
optimum N, P, and K availability, better textural
and moisture state and more stable supporting
matrix for sandy soil. These advantages may
apply to B matrix but to a less extent. Decreased
efficiency of compost C compared to A and B
may be due to its biodegradability in addition
to presence of microorganisms that consume
N and decrease available N in soil. Presence of
biologically active phyto-chemicals in A inhibits
organisms’ activity and hence keeps its N content
available for plant. Maximum AE can be obtained
for N and P nutrients by mixing A, B, or C with
50% NP of the fertilizers’ recommended dose.
Increasing the rate of NP fertilizers to 100%
recommended dose would decrease its AE for N
and P for A, B, and C, respectively.

Funding

This research received no external funding

Acknowledgments

The authors wish to thank Prof. Dr. Rashad
Abd-Elmonem Derar for his great assistance and
valuable support in conducting this experiment.

Conflict of Interest

The authors declare no conflict of interest.

References

Abdel- Sabour, M.F., Abdel — Haleem, A.S. and
Zohny, E.E. (1996) Chemical composition of water
hyacinth (Eichhronia crassipes), a comparison
indication of heavy metal pollution in Egyptian
water bodies, 1 ) Major and Trace Element Levels.
EG9601830, 102-112.

Abdelhamid, M.T., Horiuchi, T. and Oba, S. (2004)
Composting of rice straw with oilseed rape cake and
poultry manure and its effects on faba bean (Vicia
faba L.) growth and soil properties. Bioresour:
Technol. 93, 183-189.

Abd El-Galil, E.R. and Ebtehag, LM.A. (2011) Role of
Bacterial treatments for upgrading nutritive value
of bean straw and native goats performance. J.
Amer. Sci. 7 (5)

Abdel Shafy, H.I., Farid, M.R. and Shams EI-Din, A.M.
(2016) Water-hyacinth from Nile river: chemical
contents, nutrient elements and heavy metals.
Egypt. J. Chem. 59 (2), 131- 143.

Baral, B., Vaidya, G.S. and Bhattarai, N. (2011)
Bioactivity and biochemical analysis of water
hyacinth  (Eichhornia  crassipes).  Botanica
Orientalis — J. Plant Sci. Res. 8, 33-39. Doi: http://
Dx.D0i.0rg/10.3126/Botor.V8i0.5556.

Baral, B.andVaidya, G.S. (2011) Biological and
chemical assessment of water hyacinth (Eichhornia
Crassipes (Mart.) Solms.) of Phewa Lake, Nepal.
Scientific World, 9 (9).

Bhuvaneshwari, M. and Sangeetha, Dr. K. (2016)
Investigation of physical, chemical and structural
characterization of eichhornia crassipes fiber.
International Conference on Information Engineering,
Management and Security (Iciems 2016): 92-96. Print.

Black, C.A. (1965) Methods of Soil Analysis. Part 2,
Series 9, Am Soc. Agron. Inst. Publ., Madison, WI,
pp- 894-1372.

Black, C.A. (1982) Methods of Soil Analysis. Soil Sci.
Soc. Amer., Inc. Pub., Madison, Wisconsin, USA.

Chapman, H.D. and Pratt, R.E. (1961) Methods of
Analysis for Soil, Plants and Water. Department of
Soil and Plant Nutrition, California Univ. U.S.A.

Craswell, E.T. and Godwin, D.C. (1984) The efficiency
of nitrogen fertilizers applied to cereals in different
climates” Adv Plant Nutr. 1, 1-55.

Egypt. J. Soil. Sci. 60, No.1 (2020)


http://Dx.Doi.Org/10.3126/Botor.V8i0.5556
http://Dx.Doi.Org/10.3126/Botor.V8i0.5556

64 MOHAMED S. MOHAMED AND RAMA T. RASHAD

El-Basioni, S.M., Hassan, H. M. and Rashad, R.T.
(2015) Effect of magnetic iron oxide combined
with some additives on the yield of groundnut,
wheat and nutrient availability in sandy soil. Egypt.
J. Soil Sci. 55 (4), 441- 452.

El-Dissoky, R.A., Al-Kamar, F.A. and Derar, R.M.
(2017) Impact of Magnesium Fertilization on Yield
and Nutrients Uptake by Maize Grown on two
Different Soils. Egypt. J. Soil Sci. 57 (4), 455-466.

El-Gizawy, E.S.A., Atwa, A.A.l, Talha, N.L
andMostafa, R.A.L. (2013) Effect of compost and
compost tea application on faba bean crop and
some soil biological and chemical properties.J. Soil
Sci. Agric. Eng. Mansoura Univ. 4 (9), 863- 874.

Ewis, A.M.G., Sobh, M.M., Amer, M.H. and Gouda,
M. (2014) Rates and Methods of Rice Straw
Application to Wheat and Rice Crops and the
Implications on Crop Productivity as Well as some
Soil Properties. Egypt. J. Soil Sci. 54 (1), 49-68.

FAO. (2014) World Reference Base for Soil Resources.
A framework for international classification,
correlation, and communication.Soil Taxonomy,
Food and Agriculture Organization of the United
Nations, Rome, Italy.

Gomez, K.A. and Gomez, A.A. (1984) Statistical
Procedures for Agricultural Research. John Wiley
& Sons, New York, NY, USA, pp. 8-20.

Haggag, M.W., Abou El Ella, S.M. and Abouziena,
H.F. (2017) Phytochemical analysis, antifungal,
antimicrobial activities and application of
Eichhornia Crassipes against some plant pathogens.
Planta Daninha. 35, E017159560.

Lu, H., Zhu, L. and Zhu, N. (2009) Polycyclic aromatic
hydrocarbon emission from straw burning and

Egypt. J. Soil. Sci. 60, No. 1 (2020)

the influence of combustion parameters, Atmos.
Environ. 43, 978-983.

Istirokhatuna, T., Rokhati, N., Rachmawaty, R.,
Meriyani, M., Priyanto, S.andSusanto, H. (2015)
Cellulose isolation from tropical water hyacinth for
membrane preparation.International Conference
on Tropical and Coastal Region Eco-Development
2014 (Ictcred 2014).Proce. Environ. Sci. 23,
274-281. Doi: 10.1016/J.Proenv. 2015. 01.041

Jackson, M.L. (1973) Soil Chemical Analysis. Prentice-
Hall, Inc., Englewood Califfs, New Jersy, USA, pp.
429-464.

PDA (Potash Development Association). June (2009)
www.pda.org.uk

Roozbeh, M., Sheikhdavoodi, M.J., Almassi, M.and
Bahrami, H. (2011) Effects of tillage intensity and
anionic polyacrylamide on sediment and nitrogen
losses in irrigated wheat field. Afi: J. Agric. Res. 6
(22), 5320-5327.

Téllez, T.R., De Rodrigo Lopez, E.M., Granado, G.L.,
Pérez, E.A., Lopez, R.M.andGuzman, J.M.S.
(2008) The water hyacinth, Eichhornia Crassipes:
An invasive plant in the Guadiana river basin
(Spain). Special Issue “Invasive species in inland
waters of europe and north America: distribution
and impacts”. Aqua. Invas. 3 (1), 42-53. Doi:
10.3391/A1.2008.3.1.8.

Zhichen, Y., Liandia, Z., Danfeng, S., Hong, L, Jun, C.
andQimei, L. (2011) The effect of cow dung and red
bean straw dosage on soil nutrients and microbial
biomass in chestnut orchards. 3™ International
Conference on  Environmental Science and
Information Application Technology (ESIAT 2011).
Proc. Environ. Sci. 10, 1071-1077.



SANDY SOIL AMENDED BY WATER HYACINTH, BEAN STRAW AND COMPOST 63

i gasl) g s alall S gil) (58 g Jol) 3 93 Alalacall Al 1) 4 ) Qi (amy duad 52

Al d TV VYA s aauge M duliclow¥l dechyll Sl dlaog plinli> gling® ooy
il S dypally dlag L) cilla¥l . 8,30l dcgyilly cilola¥l o glesl didis dlolell Aoyl i)l jallas e,
EVer g 70 g 2Y0 L aliod 7 lgio IS, cowgraSlly ad ) saldl Joall Ghycg aadl Juill a9 5lic
digunto dalid) cMalell gijes & . duiasll P jgauwgally N porgpindl bacsl oo gy muosdl deyd o
dzaudly (7) dpecdu)l dendl pads . ol Se S dulgdiell dlolS wlelhd guouad S8 Jopui<l
Ayl Aog sl ddalall Ao wlly (Temw @) duyalialf 28Li<Tlg (AS M) duyy g < Atslillg (7) dulad
83l Al laws 7 cUIAS L sliadf weig delpll Jud (7) dygunell 8oLl o duyadl seim0g (Cmol kg™)
Aol de sl ol sbadl jaey asf gl opgbl . dalid cilaleoll LgibeSae yaseyy (kg ha')
oLl Joddl Ghpe plasawly 70 ¢ 70+ Ay Lgino judg 5 Juidl a9 plasinl 27 doity Lgiso
dmaadl cofy NPZY v aself slesadl dbla) Jazo sie JoyuiSll go dijlally el le cowgeaSl
ALl cogre S plasaaly 7 Y,0 duing ol Il Joll Ghipeg Juill g plasials 77V 0 Aty 454
Jumo sglal . sladl wmyg el Jub ool duyg S ASLY 3 soina pb s Tasgd L Jo, i 2o
Sl oygd 78,889 oy oS Y VA o fida sein 0 polisily Aoyl doyalls 4813S J3l NP7« v dalal
CrgioSH elale s cdae] NPZY ¢ ¢ g /00 dblo| w¥aso sic . JouiSIl diylaa Joidl siyedZ Y5V A
Jazo sic . galdl Joall Ghye @3 Juill 39 doleo Lgaly , doyill b e K pgussligny P g swgd Lel
YV, 885 TOVTLAT Y 4, Ve d s Lgieo (kg ha'!) 5,il0 2603 all) dusrlasf caly NP7 + v dsls)
Lgize (kg ha') odl dialas] cly LeS . lgall e cosgroSlg salill Joall Ghiyegluill 2y oo JSI
- A e wgra Sy Juill g 5 sl Joddl e oo JSI ATV VYO A, YT s

Egypt. J. Soil. Sci. 60, No.1 (2020)



	_GoBack
	_GoBack

