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ABSTRACT

Aims: A study was carried out in the field aims to study the response of a calcareous soil
cultivated by soybean to the application of K-silicate (K-Si), K-humate (K-H), and compost at
application rates 50% and 100% of the recommended dose.

Study Design: Complete randomized block design with three replicates.

Place and Duration of Study: At EI-Nubaryia Agricultural Research Station (latitude of 30° 30°N
longitude of 30° 20°E) Agricultural Research Center (ARC), Nubaryia, Egypt (Summer seasons of
2018 and 2019).

Methodology: Compost was mixed with surface soil a week before cultivation at application rates
3.75 and 7.5 kg plot”’ (3.91 and 7.81 t ha™, respectively). Powder K-H was spread on soil at
application rates 7.5 and 15 g plot” while aqueous solutions of K-Si; 8 and 16 mL L™ for plot was
sprayed on soil 30, 60, and 90 days after cultivation.

Results: Results showed that soil moisture(SM, %) was increased by the 100% application rate in
the order compost (|20.6%) > K-Si (19.3%) > K-H (19.1%). A significant increase was found in the
seed vyield (kg ha™) by 129.5%, 84.8% and 70.6% by compost, K-H and K-Si, respectively.
Compost at 100% application rate showed the most significant increase in the available nitrogen N
(mg kg'1) in soil by 104.4% followed by K-H (by 81.8%) then K-Si by 23.4%. Compost also showed
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the most significant increase in the N uptake from soil (kg ha™ soil) by seeds and straw followed by
K-H then K-Si. The nutrient use efficiency (NUE, %) and agronomic efficiency (AE) values
decreased in the order K-H > K-Si > compost at 50% and 100% application rates.

Conclusion: The quite smaller dose and ease of field application by spraying may make the K-H
more agronomically efficient than K-Si and compost.

Keywords: Agronomic Efficiency (AE); soybean; soil moisture; soil amendments.

1. INTRODUCTION

High CaCO; percentage along with low organic
matter content of calcareous soils often restricts
plant nutrient availability [1]. Improving the
nutritional status and crop productivity of such
soil is an important demand [2]. This type of soll
is widely distributed over the desert area at the
west Nile Delta of Egypt at the west of Nubaryia,
Alex.—Cairo desert road. Reclamation of this
region has been started since 1969 to increase
its agricultural sustainability and productivity
hindered by problems of water logging and
salinization [3]. Soil mapping and satellite images
have indicated deteriorated surface soil with non-
saline calcareous loam deep soils comprise
15.2% unit area [4]. Remote sensing and
geographical information systems GIS images of
the cultivated land and surface water logging
reveal degraded soils [5].

The wuse efficiency of fertilizers and soil
amendments depends on factors related to the
fertilizer itself, the growing crop, and mainly to
the soil environment. Immediate recovery of a
nutrient from a fertilizer by plants after it is
applied to low fertility soils is usually less than
required. This low initial efficiency of some
fertilizers can be attributed to leaching loss,
conversion of available form to less available
forms in soil, strong retention by soil mineral
surfaces (adsorption), precipitation of ionic
soluble forms into insoluble ones, etc.

Recovery of an applied plant nutrient, X, could be
calculated by the difference between the uptake
of X by a crop received the applied amount of X
minus the uptake by crop not received the
applied amount of X. The method is generally
suitable for N fertilizers and more limited for P
and K. This is because applied inorganic N
fertilizers rarely remains as a residue of in the
soil after crop harvest and lost by leaching or
denitrification and ammonium by volatilization
[6,7].

However, the nutritional status of soils is
increased by fertilizers and amendments. Plants

take up nutrients like N, P, and K from seasonal
application of fertilizers as well as the residual in
the soil from previous fertilization so that
apparent nutrient efficiency often increases.
Nevertheless, this is not always the case for
some soil types such as calcareous soils.
Significant increases in fertilizer use efficiency
can be achieved by different fertilizer
formulations, altering the rate and time of
application, altering placement in the soil and
matching with suitable crop species or varieties

(8.

Soybean (Glycine max L.) is an essential crop
agriculturally and scientifically [9]. Biotic and
abiotic factors negatively affect soybean
production in Egypt that was decreased by
57.79% from 1993 to 2008 [10,11]. Foliar
application of micronutrients (Fe, Zn, Mn and B)
and/or organic manure to soybean has enhanced
the seed yield and quality [12,13].

Recent promising studies have showed the
impact of Si fertilization using silica amendments
on the yield quantity and quality of cereals like
soybean. Foliar application of potassium silicates
provide highly soluble potassium (K) and silicon
(Si) for plants and had showed a bio-simulative
effect under salt stress conditions [14] and water
deficiency [15]. Sodium meta-silicate (Na,SiO3)
enhanced K use efficiency and ameliorated
symptoms caused by deficiency in essential
nutrients [16,17].

Soil applied Si-fertilizers have enhanced Si
uptake by plants and increased soybean yields
by 7.5-13.6% [18]. Fertilization by potassium
meta-silicate (K,SiOs, 12 kg ha™) has increased
the concentraton of K’ in the wheat [19].
Fertilization by Si enhanced plant phosphorus (P)
utilization. Absorption through roots may be the
only Si-uptake mechanism by some plants [20].
Continuous cultivation of such crops consumes
plant-available Si in soils that can be depleted via
crop uptake and by leaching [21].

In addition, humic substances (HS) are natural
organic fertilizers can improve soil physically,
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chemically, and microbiologically [22]. Fertigation
by HS along with NPK fertilizer decreased
leaching of N and K and increased soil available
P [23]. Foliar application of HS is a commonly
used agricultural practice because of their
hormone-like role in growth promotion and
improving plant yield and quality [22]. Humates
salts are more soluble component of HS.
Commercial K, Ca, B, and Na humates can be
used as “soil conditioners” to enhance soil
structure and water retention capacity [24]. Iron-
humates have been applied to Fe-deficient
soybean plants to supply nutritional iron (Fe) in
calcareous soils [25]. Potassium humate
solutions mitigate the uptake of nutrients by plant
[26].

Compost is one of the humic-rich-amendments
sometimes better than humates that are easily
leached by irrigation and rainfall. Compost is
resulted from the controlled biological
decomposition of organic resources. Its organic
matter content enhances soil chemical, physical
and biological properties [27,28]. Despite
compost is not a fertilizer, it can reduce the
required dose of fertilizer, suppress soil-borne
plant pathogens and efficient in improving plant
growth [29].

Use efficiency indices have been suggested to
indicate the impact of applied nutrient on
productivity. Nutrient use efficiency (NUE) and
agronomic efficiency (AE) calculations may refer
to the fertilizer/amendment efficiency based on
the increase in crop yield per unit nutrient applied
[30]. This study aims to answer the question:
Which is more efficient for soybean crop
cultivated in a calcareous soil; compost,
potassium humate (K-H), or potassium silicate
(K-Si)? Comparison between the macronutrient
use efficiency indices calculated for the
mentioned additives may help in answering the
question.

2. MATERIALS AND METHODS

2.1 Area of the Study

The field study has been carried out (summer
seasons of 2018 and 2019) at El-Nubaryia
Agricultural Research Station (latitude of 30°
30°N longitude of 30° 20°E) Agricultural
Research Center (ARC), Nubaryia, Egypt. The
studied soil is Sandy Clay Loam consists of
48.4% Sand, 28.1% Silt, and 23.5% clay. It is a
calcareous soil [Aridisol] [3,31] under an arid
climate with hot dry summers and cool winters.

Some properties of the soil of the experiment are
presented in Table 1.

2.2 Materials Used
Planting

in the Study and

The additives under study were potassium
silicate (K-Si), potassium humate (K-H) and
compost. Potassium silicate (K-Si) was
commercial liquid K;SiO3 [10% K,0, 25% SiO,].
Potassium humate was commercial powder 60%
K-H [7% K0O], while compost was a commercial
product for agricultural use (Sharqgyia Compost;
thermally treated organic fertilizer). Some
characteristics of the studied additives are
presented in Table 1.

They were applied to the experiment soil at 50%
and 100% of the recommended dose by the
manufacturer, which is for K-Si: 16.67 L ha'1, K-
H: 15.63 kg ha™, compost: 7.81 t ha™. Compost
was mixed with surface soil a week before
cultivation at application rates 3.75 and 7.5 kg
plot” (3.91 and 7.81 t ha™, respectively). Powder
K-H was spread on soil at application rates 7.5
and 15 g pIot'1 while aqueous solutions of K-Si; 8
and 16 mL L™ for plot was sprayed on soil 30, 60
and 90 days after cultivation. Different treatments
including a control (without additives) were
added in triplicates with a complete randomized
block design.

Three soybean seeds (Giza 111 variety) were
hand-sown in each hole along the ridge, in four
ridges per plot (on the 1% of June 2018 and
2019) (3.2mx3 m=9.6 m? plot area, 4 ridges).
All experimental plots except the control have
received 25% N-P-K recommended fertilizer
dose. The complete recommended dose of the
N-P-K fertilizer was applied to the control plots.
Irrigation of the cultivated experiment area was
scheduled 30, 60, and 90 days after sowing. Sail
moisture (SM, %) was measured before and 48 h

after irrigation by core method [32] and
calculated according to the Eq. (1):

Soil moisture of soil sample (SM, %) =
Wet weight - Dry weight % 100 1)

Dry weight of soil sample
2.3 Soil and Plant Sampling

At harvesting, representative samples for soil
and plant were randomly selected from all
experimental plots then air-dried to record the
following measurements: plant height (cm),
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number of branches/and number of pods per
plant, number of seeds per plant, 100-seed
weight (g), seed yield plant” (g9), and shelling
(%). The seed yield (t ha'1) has been calculated
based on the seed yield per plot area and the
mean value of data of the two seasons was
recorded. Data were composed by two
applications (each year) of the treatments.

2.4 Estimation of N, P and K Content in
Soil and Plant Samples

The available concentrations of N, P, and K in
soil were extracted by 1% K,SO,, 0.5 N
NaHCO3;, and 1 N NH,OAc (pH 7.0), respectively
[33,34]. Seeds of soybean were dried at 70°C for
48 h then ground. About 0.5 g of ground seeds
was solubilized in 1:1 H,SO4/HCIO, acid mixture
[35]. Estimation of the total concentrations of N,
P and K in the plant and soil extracts was carried
out using Kjeldahl, UV-Vis Spectrophotometer
and flame photometer, respectively.
Concentrations of Cu, Fe, Mn, Zn, and Si in
seeds’ extract were measured by the ICP
Spectrometry (ICP-Ultima 2 JY Plasma). Uptake
(kg ha™") of macro- and micro-nutrients from soil
was calculated by multiplying nutrient content
(%) by Seed and/or straw yield (kg ha'1).

2.5 Nutrient Use Efficiency Indices

Use efficiency (UE) also expressed as apparent
recovery (AR) as well as agronomic efficiency
(AE) for applied N, P and/or K were calculated by
Eq (2) [36,37]:

Use
(Pnf—Pno)

Fertilizer rate (N,P or K,kg ha—-1)

Nutrient Efficiency (UE/AR) =

x 100 @)

P, = seed nitrogen (N, g kg™), phosphorus (P, g
kg™") and/or potassium (K, g kg™”)

P, = seed nutrient in fertilized plots f = fertilized
plots (by K-Si, K-H, or Compost)

P.o = seed nutrient in non fertilized plots 0 = non-
fertilized plots (control treatments)

Agronomic Efficiency
Y- Yo
Fertilizer rate (N,P or K ,kg ha-1)

(AE) =

Y = seed yield (kg ha™)
2.6 Statistical Analysis

The one-way analysis of variance (ANOVA) test
was used to calculate the statistical significance

(LSD) of the resulted data at a significance level
P = .05 using the Co-State software Package
(Ver. 6.311) [38].

3. RESULTS AND DISCUSSION

3.1 Effect of Different Additives on Soil
Moisture (SM, %) before and after
Irrigation

The moisture content (%) of the calcareous soil
under study was affected by soil application of K-
Si, K-H, and compost as shown by Fig. 1 (a-c).
Soil moisture (SM, %) has increased after 1%t 2
and 3" irrigation when application rate was
increased from 50% to 100% of the
recommended dose. A slight decrease in SM at
50% application rate compared to the control,
which may be caused by filling some soil voids
and water storing pores by additive particles
leading to shrinkage and a change in pore size
distribution. At 100% application rate, the
increase in SM behaved the order K-Si (48.1%) >
K-H (40.4%) > compost (37.1%) in case of the 1%
irrigation (30 days after sowing). It may be due to
two reasons: one is the application of K-Si and K-
H on soil in the form of aqueous solutions while
the compost was in a dry form, and the second is
the swelling and hydrophilic nature of silicate and
humate moieties. Therefore, keeping moisture
can be in a faster rate for soil mixed with K-Si
and K-H than mixed with compost that is of
complex components slowly decomposed.
Humate ligand may react with soluble ions in soil
solution that can partially block some carboxylic
(—COQO") and hydroxylic (—OH") and limit their
reaction with water compared to the silicate [23].

After 60 days at 2" irrigation (Fig. 1b),
continuous and slow decomposition of compost
may exposed many of its hydrophilic constituents
so that the SM increased in the order compost
(65.9%) > K-Si (55.0%) > K-H (45.1%).

In case of the 3" irrigation after 90 days of
sowing, equilibrium is almost attained with more
decomposition of compost and accumulation of
silicate and humate in soil near the complete
dose of application. Soil moisture increased in
the order compost (20.6%) > K-Si (19.3%) > K-H
(19.1%). It is worth to mention that the method of
application plays a role in the final effect of
additives on the estimated properties of soil.
Silicate and humate doses were added to soil
divided in three consecutive applications due to
their fast effect and rapid consumption [20,22].
Compost was added to soil once due to its long-
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term effect and slow-decomposition and release
behavior [29,39].

3.2 Effect of Different Treatments on
Soybean Yield (kg ha') and Some
Components

Table 2 indicates significant improvement in the
parameters of soybean yield at a significance
level P= .05 compared to the control. Plant
length (cm), no. of shoots, no. of pods, no. of
seeds, seed yield (kg ha™"), 100-seed wt. (g), and
shelling (%) have significantly increased
compared to the control as the application rate
increased from 50% to 100% of the
recommended dose for K-Si, K-H, or compost. At
100% rate, compost resulted in the most
significant increase by 100.3%, 147.4%, 212.4%,
129.5%, 68.1% and 27.2% for the no. of shoots,
no. of pods, no. of seeds, seed vyield (kg ha™),
100-seed wt. (g) and shelling (%), respectively,
compared to control. Seed yield (kg ha'1) has
increased significantly by 84.8% and 70.6% by
K-H and K-Si, respectively, compared to control.
Studies referred to that yield components of
soybean enhanced by Si application [19].

Such effect on yield and its components can be
attributed to the biocompatible organic nature of
compost and K-H, being rich in available
nutrients for plant absorption compared to the
inorganic K-Si limited to available K and Si.
Compost may exhibit a slow release of nutrients
as well as improved soil moisture make it
succeeds over the K-H [29,40]. Humates and
silicates also enhanced water retention capacity
of soil as mentioned above but less than the
compost [20,24].

3.3 Effect of Different Treatments on
Nitrogen (N, mg kg™) Status in Soil
and Uptake (kg ha™') by Soybean
Plant

Table 3 indicates a significant increase in the
available N (mg kg™") in soil, total (g kg”) in
soybean seeds and straw and uptake (kg ha™
soil) compared to the control at significance level
P=.05 under the effect of different treatments.
Compost at 100% application rate showed the
most significant increase in the available N (mg
kg') in soil by 104.4% followed by K-H (by
81.8%) then K-Si by 23.4%, compared to the
control. In addition, compost showed the most
significant increase in the N uptake (kg ha™ soil)
by seeds and straw (by 2225 and 285.7%)

followed by K-H (by 91.6 and 180.7%) then K-Si
(by 63.7 and 151.4%), respectively.

This trend is in agreement with the applied N (kg
h™). Treatments of the studied additives were
enriched by 25% of the N-P-K mineral fertilizer
recommended dose while the control treatment
has received the full dose. Obviously, K-Si, K-H
and compost may enhanced the utilization
efficiency of the N nutrient with compost being
the most effective perhaps due to its long-term
stability in soil and greater application dose.
Compost can act as a supportive carrier for
mineral fertilizers, which increase its efficiency
compared to soluble humate and silicate salts
quickly lost by leaching from soil [27,28].

3.4 Effect of Different Treatments on
Phosphorus (P, mg kg™') Status in
Soil and Uptake (kg ha™') by Soybean
Plant

As observed from Table 4, increasing the
application rate of K-Si, K-H, or compost from
50% to 100% increased the available P (mg
kg™"), total content in plant (g kg™') and uptake
from soil compared to the control. Non-significant
increase in the available P (mg kg'1) in soil was
recorded for compost by 54.6%, for K-Si by
18.3% and for K-H by 9.1% at 100% application
rate. Also, the compost showed the most
significant increase in the total P content in
seeds (by 24.8%) and straw (by 169.6%) and its
uptake 187% and 516.7% for seeds and straw,
respectively. Potassium humate and K-Si have
increased the seeds’ P by 16.4% and 16%,
respectively, compared to the control. Normally,
this trend is related to total applied P (kg ha'1)
from different additives depending on the P
content (g kg'1 in the compost, K-H and K-Si
shown in Table 1. Although the applied P by K-H
and K-Si is very small compared to the compost,
they increased the P content in plant and its
uptake from soil. This ensures the role played by
the humate and silicate ligands which increase
the available N-P-K in soil and enhances the
nutrients absorption by plant [18,19,23,26].

3.5 Effect of Different Treatments on
Potassium (K, mg kg™') Status in Soil
and Uptake (kg ha™') by Soybean
Plant

Dynamic of the potassium K nutrient is also
related to its content in the K-Si, K-H and
compost.
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Compost is still showing the most significant
increase in the K content and uptake for soybean
seeds and straw. Table 5 shows that K-Si
applied at 100% of the recommended dose has
increased the soil available K (mg kg”') more
than the K-H, but the increase is non-significant
compared to the control. This is because of the
higher K applied by the K-Si than K-H.
Nevertheless, K-H increased the total K (g kg™")
in seeds and straw (by 35.6% and 224.8%,
respectively) significantly at P= .05 compared to
the control more than K-Si (by 24.3% and
215.9%, respectively). Also, K-uptake by seeds
has increased by 150.6% and 112.1% for K-H
and K-Si, respectively. This may be due to the
biocompatibility of the organic K-H that enhances
the nutrient utilization and absorption by plant
better than the pure mineral K-Si [23,26].

3.6 Effect of Different Treatments on the
Uptake (kg ha™') of Micronutrients
from Soil by Soybean Seeds

As it can be seen from Table 6 that the uptake of

Cu, Fe, Mn, Zn, and Si (g ha") by soybean
seeds has increased significantly at P= .05

Table 1. Characteristics of the experiment

compared to the control as the application rate
was increased from 50% to 100% for K-Si, K-H,
and/or compost. In 100% doses, the K-H showed
the most significant increase in the Fe uptake by
149.9% followed by the compost (by 121.6%)
then the K-Si (by 50.7%). It can be attributed to
the organic nature of the humate and compost,
presence of complexed micronutrients including
the Fe in their chemical composition as well as
the higher solubility of the humate salt, which
enhance the complexation and absorption of Fe
by plant. Such results agree with previous
studies on calcareous soil [25].

The K-Si has increased the uptake of Si by
seeds significantly by 169.7% more than K-H
(increased by 128%) but less than the compost
(increased by 217.5%) compared to the control.
It may be caused by the higher Si content
applied from K-Si more than K-H. The readily
soluble and more available Si from K-Si perhaps
partially lost by leaching or fixed in soil while Si
from the compost can be slowly released. The
hormone-like role of the silicate and humate is
often responsible for the enhanced micronutrient
uptake by soybean from soil under study [41].

soil before cultivation and materials applied

pH EC(dSm”)" Organic CaCO; _Available in soil (mg kg™)
Matter (%) N P K Fe Mn 2Zn
% OM
Soil 8.3 266 1.3 23.66 134 40 1950 50 123 29
Total, g kg™
K-Silicate 7.0  7.00 - - - - 830
K-Humate 7.4  19.05 16.89 - 2020 12 620
Compost 85 267 11.30 - 1344 7.0 120
T (1:5 soil: Water extract)
Table 2. Soybean yield and yield components under the effect of treatments
Treatment Application Plant No.of No.of No.of Seed 100- Shelling
rate length Shoots Pods Seeds yield (kg seed (%)
(cm) ha™) wt. (g)
Control 75.16° 3.19°  30.28° 53.05°  1556.44" 11.09° 30.94°
K- Si 89.00° 5.02° 37.92° 69.72° 2218.68° 12.04® 33.24%
K-H 50% 98.08° 4.33°  4955° 7539°  2436.85° 13.02° 31.31°
Compost 94.61° 511 5291° 11517° 2820.50° 15.52° 34.22°
K- Si 95.11° 522°° 4928° 9517° 2655.57° 13.88" 36.45°
K-H 100% 116.22° 6.28%° 57.11° 88.97°  2876.31° 15.01° 34.88™
Compost 109.39° 6.39°  74.92° 165.72° 3571.67° 18.64° 39.35°
L.S.D sy, 9.51 1.34 380 5.71 134.48  1.90 1.76

*k%k *%

Significance of factors’

*k%k *kk *k%k *k%k *k%k

TThe footnotes (a—h) indicate the non-significance ranges for the different treatments
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Table 3. Effect of treatments on the plant available N (mg kg™") in soil and N content (g kg™")
and uptake (kg ha™) by soybean seeds and straw

Treatment App. Applied N (kg ha”) Available Total (g kg™) Uptake (kg ha™)
rate By Total in soﬂ (mg In In By By
Treat. kg ) seeds straw seeds straw
Control 0.0 41.4 19.16™ 25.1° 8.96" 3.919 3.11°
K- Si ] - 10.4 14,68 23.8° 12.88° 5.28' 5.74°
K-H 3 0.16 10.5 26.55%° 27.8° 13.44°  6.77° 7.19%
Compost 52.5 62.8 16.92"° 32.3° 15.12°  9.11° 8.20°
K- Si ] - 10.4 23.64°° 241" 13.26°  6.40° 6.14°
K-H S 0.32 10.7 34.84° 26.04" 13.66° 7.49° 7.34%
Compost 104.9 115.3 39.16° 35.3° 16.00° 12.61° 8.81°
L.S.D 5, 12.3 0.010  0.011  0.005 1.90
Significance of factors* * e o rrx rrx

TRecommended application rates for compost: 7.81 t ha”, potassium silicate: 16. 67 L ha", potassium humate:
156.63 kg ha ) Total applied = Application rate + 25% NPK Recommended (kg ha': N=10. 35 P=3.39, K= 7.47)
*The footnotes (a—h) indicate the non-significance ranges for the different treatments

Table 4. Effect of treatments on the plant available P (mg kg~ ) in soil and P content (g kg~ )
and uptake (kg ha” ) by soybean seeds and straw

Treatment App. Applied P (kg ha”) Available i in Total (g kg™) Uptake (kg ha™)

rate By Total soil (mgkg") “In In By By
Treat.! seeds straw seeds straw
Control 0.0 13.55  7.33° 495° 115 0.77' 0.40°
K- Si e - 3.4 4.00° 526 1.65°  1.17° 0.74°
K-H 2 0.09 3.5 6.33° 529° 1.75°  1.29° 0.94°
Compost 27.3 30.7 9.00° 547 1.9° 1.54° 1.03°
K- Si 2 - 34 8.67° 5.54° 215°  1.47° 1.00°
K-H S 0.18 3.6 8.00° 5.76° 3.1° 1.66° 1.66°
Compost - 54.7 58.1 11.33° 6.18° 3.1° 2.21° 1.71°
L.S.D s, 7.62 0.003 0.005  0.047 0.17
Significance of factors? ns b bl e rrE

TRecommended application rates for compost: 7.81 t ha”', potassium silicate: 16. 67 L ha”", potassium humate:
16.63 kg ha ) Total applied = Application rate + 25% NPK Recommended (kg ha'': N=10. 35 P=3.39, K= 7.47)
The footnotes (a—h) indicate the non-significance ranges for the different treatments

Table 5. Effect of treatments on the plant available K (mg kg™) in soil and K content (g kg™")
and uptake (kg ha™") by soybean seeds and straw

Treatment App. Applied K (kg ha”) Available Total (g kg™) Uptake (kg ha™)
rate By Total in soil In In straw By By
Treat.! (mg kg'1) seeds seeds straw
Control 0.0 29.88 223.07° 8.03° 3.91° 1.25° 1.36°
K- Si o 0.69 8.16 274.27° 8.65> 4.05° 1.92° 1.80°
K-H 3 0.48 8.0 162.60" 9.49™°  9.00° 2.31° 4.81°
Compost 46.9 54.3 292.87° 9.56*°  10.26°  2.70° 5.56%°
K- Si ° 1.38 8.85 265.00° 9.98°  1235° 265 5.72%
K-H S 0.97 8.4 223.07*"° 10.89° 12.70° 3.13° 6.82°
Compost - 93.7 101.2 292.87° 11.17° 13.26° 3.99° 7.30°
L.S.D 5, 91.1 1.9 224 2.24 1.90
Significance of factors* ns * b ns rrx

TRecommended application rates for compost: 7.81 t ha”, potassium silicate: 16. 67 L ha", potassium humate:
16.63 kg ha ) Total appl/ed Application rate + 25% NPK Recommended (kg ha': N=10. 35 P=3.39, K= 7.47)
*The footnotes (a—h) indicate the non-significance ranges for the different
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Soybean exhibited a high response to Si increase in seeds’ content of Si (mg kg”)
application being a Si-accumulator plant; compared to the control. Potassium silicate can
contains Si-transporters that facilitate uptake and  be an effective Si-source due to easily soluble Si
distribution of Si between leaves and grains in soil solution produced by K-Si dissolution.
[15,42]. In this study, soil application of K-Si, K-H  Silicon may partially control the availability and
and compost showed a highly significant uptake of some nutrients [43,44].

Table 6. Effect of treatments on the seed uptake (kg ha™') of micronutrients by soybean seeds

Treatment Application rate Uptake by Seeds (g ha™)
Cu Fe Mn Zn Si
Control 217 47.79° 6.19¢ 5.43° 20.96°
K- Si 2.06° 68.59" 8.91° 7.96% 48.53°
K-H 50% 2.51% 69.00™ 7.79% 7.45% 31.16°
Compost 4.09°° 88.24% 13.26%° 12.87%° 52.59°
K- Si 2.91%° 72.03° 10.58%° 9.92" 56.52%
K-H 100% 4.41% 119.43° 12.88% 11.85 47.78°
Compost 5.43° 105.90° 14.50° 15.39° 66.54°
L.S.D s 3.56 28.95 4.99 4.97 13.47
Significance of factors' ns el ** ** e

"The footnotes (a—h) indicate the non-significance ranges for the different treatments

M SM M FC

Fig. 1a. Effect of the studied additives on the soil moisture (SM, %) before first (1st.) irrigation
and field capacity (FC, %) after it
Error bars refer to the LSDsy values of the statistical analysis of data

HSM ki FC

Fig. 1b. Effect of the studied additives on the soil moisture (SM, %) before second (2nd.)
irrigation and field capacity (FC, %) after it
Error bars refer to the LSDsy, values of the statistical analysis of data
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18.1

19.7
T

Control K-Si K-H

50%

EHSM uMFC

16.5

T,
ST
| 5.0

Compost

K-Si K-H Compost

100%

Fig. 1c. Effect of the studied additives on the soil moisture (SM, %) before third (3rd.) irrigation
and field capacity (FC, %) after it
Error bars refer to the LSDsy; values of the statistical analysis of data

40
X I I
5 L
=)
Z 0
-40
K-Si | K-H |Compost ‘ K-Si ‘ K-H ’Compost
50% Application Rate 100% Application Rate
EN| -126 25.7 11.5 -9.7 8.8 8.8
MP 9.2 9.8 1.7 17.4 22.7 21
MK 4.0 8.7 1.3 11.6 16.4 1.7

Fig. 2. Nutrient use efficiency (NUE, %) for the studied materials
Error bars refer to the LSDsy, values of the statistical analysis of data

3.7 Nutrient Use Efficiency (NUE, %) and
Agronomic Efficiency (AE) of the
Silicate, Humate and Compost Used
Applied in the Study

Regarding the applied (inputs) nutrients’ dose
and the obtained vyield (outputs), Figs. 2 and 3
indicate that the K-H may be the most efficient
agronomically and for N, P, K nutrient use.
Although the highly similar effect of additives in
the present study, the nutrient use efficiency

(NUE, %) and agronomic efficiency (AE) follow
the order K-H > K-Si > compost at 50% and
100% application rates. High solubility in water
and soil solution, organic biocompatibility,
richness with  macro and micronutrients,
complexation ability and quite smaller dose in
addition to ease of handling and field application
by spraying are many advantages of the K-H
may make it more agronomically efficient than K-
Si and compost.
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500
400
300
200
wl
<
100
0
-100
K-Si | K-H ‘Compost \ K-Si \ K-H \ Compost
50% Application Rate 100% Application Rate
EN 64.0 83.8 20.1 106.2 123.7 17.5
MP| 1955 253.0 41.1 324.5 369.3 34.7
MK 81.1 110.7 23.3 124.1 156.4 19.9

Fig. 3. Agronomic efficiency (AE) of the studied materials
Error bars refer to the LSDsy values of the statistical analysis of data

4. CONCLUSION

The nutrient use efficiency (NUE, %) and
agronomic efficiency (AE) follow the order K-H >
K-Si > compost at 50% and 100% application
rates. High solubility in water and soil solution,
quite smaller dose and ease of field application
by spraying are many advantages of the K-H
may make it more agronomically efficient than K-
Si and compost.
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