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Abstract

Potassium use efficiency (KUE) in faba bean production is often low, and the luxury of fertilization has negative environmental
impacts. The current study aims to reduce the recommended dose of potassium (K) for faba bean by potassium solubilizing
bacteria (PSB) and humic acid (HA). The studied treatments were 50 and 100% of K recommended dose with or without PSB and
40 kg of HA ha . The studied treatments were applied to faba bean ((Vicia faba L., cv. Giza 843) plants grown in sandy loam
soils for two successive seasons. In this study, the maximum KUE (40%) was obtained in the soil treated with HA and PSB while
the lowest one (14%) was found in the case of the full recommended dose of mineral form. Humic acid and PSB that were applied
to the plants fertilized with 50% of the recommended dose gave the maximum growth and yield. Humic acid and PSB increased
the soil cation exchange capacity (CEC) by 6% and the soil organic matter (SOM) by 12%. Chlorophyll and carbohydrates in the
leaves were increased by 36 and 50%, respectively, above the control, as results of HA and PSB application. Adding half of K
requirements for faba bean in a mineral form with 40 kg of HA and PSB led to 14% and 19% increases in the seed and straw yield
compared to the full mineral fertilization without bacterial inoculation. Humic acid and potassium solubilizing bacteria can be
used to improve soil quality and increase the availability and uptake of nutrients, and thus increase the yield of faba bean plants.
The experimental results from our 2-year research on faba bean grown on sandy loam soils establish a deductive scientific basis
for using bio-fertilizers and organic materials to produce cleaner food and better environment conditions.
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1 Introduction

Faba bean (Vicia faba L.) is a leguminous plant, and its seeds
are the edible part which contains high levels of protein, min-
eral nutrients, and vitamins (Neme et al. 2015). The cultivated
area is about 2.6 million ha and produces about 4.6 million
tonnes of dry grains (FAO 2006).

Humic acid is rich in several organic compounds and con-
tains different active chemical groups, e.g., carboxyl, carbo-
hydrate, hydroxyl, phenol, and methoxyl (Peuravuori et al.
2006; Bulgari et al. 2019; de Jesus Souza et al. 2019).
Organic matter structure in humic acid enhances the availabil-
ity and uptake of essential plant nutrients (Din¢soy and
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Sénmez 2019; Almaroai and Eissa 2020; Ding et al. 2020;
Rekaby et al. 2020 ). The application of humic acid to coarse
texture soils has several advantages through increasing root
growth, enhancing the growth of soil microorganisms, in-
creasing soil water holding capacity, and increasing soil ag-
gregate size (Canellas et al. 2015; Dingsoy and Sénmez 2019;
Torun and Toprak 2020; Aalipour et al. 2020). Humic acid
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enhances the availability and uptake of plant nutrients in com-
parison with mineral fertilizers (Selladurai and Purakayastha
2016; Dingsoy and Sénmez 2019). Humic substances play an
important role in plant growth and increasing productivity
under stress or normal conditions (Bulgari et al. 2019; de
Jesus Souza et al. 2019). The root growth of plants treated
with humic acid was higher than the non-treated plants; more-
over, the above-ground parts were also increased as a result of
HA application (Zhang et al. 2014; Aalipour et al. 2020;
Bulgari et al. 2019; de Jesus Souza et al. 2019). The humic
substances have another direct effect in increasing the plant
growth by increasing the nutrient uptake and availability
(Zhang et al. 2014). The increase in root growth enables the
plants to absorb more nutrients and water, thus increasing the
plant productivity and obtained yield (Canellas et al. 2015;
Torun and Toprak 2020; Aalipour et al. 2020).

The aim of bio-fertilizer application to vegetable and field
crops is to decrease the adverse effect of chemical fertilizers
on our environment (Meena et al. 2016; E1 Naim et al. 2017).
Excessive and continuous use of chemical fertilizers causes
health and environmental hazards, deterioration in soil prop-
erties, and consequently crop shortages. Therefore, the appli-
cation of different microbial strains, as bio-fertilizers, plays
essential roles in reducing the amount of mineral fertilizers
and enhances food quality (Youssef and Eissa 2017). The
application of bio-fertilizers individually or in combination
with organic and inorganic amendments has been found to
improve plant growth (Singh et al. 2017). In the last decades,
the use of bio-fertilizers in increasing crop productivity has
been elevated increasingly (Youssef and Eissa 2017). Bio-
fertilizer can supply plants with essential nutrients and stimu-
late plant growth and productivity through several mecha-
nisms: hormone production, reduce the activity of plant path-
ogens, and increase soil quality (Meena et al. 2016). The abil-
ity of potassium solubilizing bacteria (PSB) in solubilizing
some silicate minerals is well known, so it has been used as
a bio-fertilizer to enhance K availability in soils (Narula et al.
2005; Xiao et al. 2017). Several studies confirmed the roles of
PSB in improving uptake of nutrients by plants, stimulating
plant enzymes, and enhancing yield and quality of crops.
Moreover, PSB has essential roles in increasing resistance
against stress conditions (Meena et al. 2014). The bacteria
help in increasing the soil fertility, crop production, and re-
ducing the amount of chemical fertilizers (Zhang et al. 2013).
The use of PSB supports the conditions of nutrient availabil-
ity, increase the plant growth, and finally improve the plant
performance (El-Azab and El-Dewiny 2018).

Most of the applied K fertilizers remain in soil due to the
low potassium use efficiency (KUE). Hence, it is imperative
to find novel strategies to improve KUE (Dhillon et al. 2019).
Although the use of potassium solubilizing bacteria in enhanc-
ing growth and productivity is well known for several crops,
there are not enough research findings and experimental
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studies that can justify its application and role in faba bean
production. Inspired by the need to increase the ration of bio-
fertilizer and other organic matter applications in faba bean
production, this study endeavors to explore the role of potas-
sium solubilizing bacteria with or without humic acid in re-
ducing the potassium requirements of faba bean plants grown
on sandy loam soils.

2 Materials and Methods
2.1 Field Experiment

Field experiments were conducted during 2018 and 2019 to
examine the effects of humic acid and potassium solubilizing
bacteria on reducing K requirements of faba bean plants. The
trials were established in a private farm which is located in
Sohage Governorate, Egypt, and the soil of the experimental
site was classified as Arenosols, according to FAO (2006).
The data in Suppl. Table 1 show the principal features of the
experimental site. Suppl. Table 2 shows the weather condition
of the experimental site during the two growing seasons. The
treatments in Suppl. Table 3 were mixed with the soil during
the preparation of the field and before cultivation. Seeds of
faba bean (Vicia faba L., cv. Giza 843) were sown on 20
October in 2018 and 2019 growing seasons. The distance
between rows was 40 cm, while it was 20 cm between plants
in the same row, with an average density of 125,000 plant
ha!. Humic acid is a commercial product (Pro Humic) and
contains 80% humic acid, 1.5% N, and 10% K,O. A bio-
fertilizer contains potassium solubilizing bacteria obtained
from the National Research Center, Giza, Egypt. The bio-
fertilizer contains Bacillus circulars and this was confirmed
by the 16S rDNA sequence analysis. These bacteria were
added to the plants after emergence and 1 week later to guar-
antee their function. The plants were irrigated with groundwa-
ter (EC = 1.40 dS m™") to near field capacity during the exper-
iment period. Seeds of faba bean were inculcated with a com-
mercial bio-fertilizer that contains rhizobium bacteria before
cultivation. The plants were fertilized with a basal dose of
50 kg of urea (46% N) and 100 kg of P,Os from superphos-
phate (15% P,0s). Nitrogen fertilizer was added as an activa-
tion dose to provide the plants with N requirement during the
development of rhizobium bacteria. Plant samples, each con-
sist of 10 plants, were collected at the beginning of the
flowering stage to determine the nutrient uptake and the
growth parameters. The root samples were collected by wash-
ing and sieving the top surface soil layer (0 to 20 cm) through
a 0.5 mesh. The root biomass in the surface (0 to 100 cm) of
soil depth was calculated based on that roots in the 0- to 20-cm
layer accounted for 60% of the root biomass (Jackson et al.
1996). Faba bean plants were collected after 160 days from
cultivation, and straw and seed yield were recorded.
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Potassium use efficiency (KUE) was calculated based on the
equation given by Dhillon et al. (2019). The K uptake (kg) by
seed and straw at harvest were used in the calculation of KUE.

KUE — K uptake in treatment—K uptake in control

amount of K applied

2.2 Soil and Plant Analysis

Soil samples (0-30 cm) were collected by an auger, dried in
the air, crushed, and then sieved by a 2-mm sieve.
Physiochemical properties were performed based on the stan-
dard methods described by Burt (2004). The soil pH was
determined in the soil saturated suspension (1:1) using the
pH meter method. The total soluble salts were determined in
the soil saturation paste by the electrical conductivity method.
Soil organic carbon (SOC) was determined using the Walkley
and Black method. The total CaCO; was measured by the
calcimeter method. Cation exchange capacity (CEC) was de-
termined using 1 M sodium acetate solution at pH 8.2 as a
saturation solution, and then exchangeable Na+ was replaced
by NH** using 1 M ammonium acetate solution at pH 7.0. The
replaced Na* ions were measured by a flame photometer.
Total nitrogen was measured by Kjeldah!’s distillation method
after the digestion of soil samples with concentrated sulfuric
and perchloric acids at 7:3 ratios, respectively. Sodium bicar-
bonate solution (0.5 M) at pH 8.5 was used to extract the
available soil phosphorus. Soil samples were analyzed for
water-soluble, exchangeable, and non-exchangeable K (Burt
2004). Exchangeable K was extracted by 1 N NH,OAc and
non-exchangeable K with 1 N boiling HNO;. The values of
potassium in the extracts were measured by flame photometer.
The population of potassium solubilizing bacteria (PSB) was
measured in soil samples, according to Thomas et al. (2015).

2.3 Plant Analysis

Faba bean plant samples were collected from each experimen-
tal unit after the recording of the growth parameters and then
transferred directly to the laboratory. Afterwards, the plant
samples were washed with tap and distilled water, and the
samples were separated on the laboratory benches to reduce
the moisture content. After 48 h, the plant samples were dried
by oven at 70 °C and then ground. Two grams of each dried
sample was digested with a mixture of 350 ml H,O, + 0.42 g
selenium powder + 14 g LiSOy4. + H,O + 420 ml of concen-
trated H,SO, (Parkinson and Allen 1975). The digested plant
samples were analyzed for N, P, and K according to the
standard methods described by Burt (2004) which were de-
scribed in the soil analysis section. Chlorophyll in the fresh
leaves of plants was measured by using SPAD 502 plus. The
total soluble carbohydrates were extracted from 0.5-g fresh

leaves by ethanol (80%) and then measured spectrophotomet-
rically by anthrone reagent at 620 nm (El-Mahdy et al.
2018; Akhtar et al. 2020).

2.4 Statistical Analysis

A randomized complete block design (RCBD) with five rep-
licates was used in the current field experiment. Duncan’s
multiple range tests and one two-ANOVA were run by
SPSS 17.0 package (SPSS, Chicago, IL, USA) at a 5%
level of probability.

3 Results

3.1 Effect of Humic Acid and PSB on Some Chemical
Characteristics of the Studied Sandy Loam Soil

Faba bean plants grown in the coarse texture soil as affected
by potassium treatments were examined, and Table 1 shows
some soil properties. Potassium sulfate (K,SO,4) and humic
acid (HA) with or without inoculation with potassium solubi-
lizing bacteria (PSB) affected the soil organic matter (SOM),
salinity, and cation exchange capacity (CEC). The highest soil
pH value (8.00) was obtained in T;, while the lowest value
was recorded in T,. The application of potassium sulfate alone
in T; reduced the soil pH by only 1.3% compared to the
control, while this application with PSB caused a reduction
in the soil pH by 3.5% compared to the control soil. The value
of soil pH was 8.00 in T3, but when this treatment was inoc-
ulated with PSB, the pH changed to 7.87. The tested treat-
ments had little insignificant effects on the soil pH values,
but in general, the soil pH was reduced as a result of potassium
sulfate application and PSB inoculation. The EC, values
ranged between 1.30 and 1.65 dsm . The tested treatments
caused negligible increases in the soil salinity. The highest
EC, value was recorded in T,, while the lowest value was
found in the control soil.

The soil amended with humic acid (HA) and inoculated
with potassium solubilizing bacteria (PSB) (p <0.5) signifi-
cantly improved the soil organic matter (SOM) and cation
exchange capacity (CEC) of the studied sandy loam soil
(Suppl. Table 4) The SOM was increased by 7% in the case
of T, and Ts, and by 12% in the case of T4 compared with the
control soil. The application of HA gave higher values of
SOM than the mineral fertilization and control treatments.
PSB inculcation of soil that was fertilized with HA (T,) in-
creased the SOM by 4% above the same treatment without
inoculation (T3). Humic acid (HA) and PSB increased the
CEC by 6% above the control. In general, the highest signif-
icant values of SOM and CEC were found in the soil treated
with humic acid (HA) and inculcated with PSB.
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Table 1 Effect of treatments on

some soil chemical properties Treatment pH (1:1) EC. (dsm ™) SOM (g kg™ CEC (cmol kg™")
C 7.90+0.08a 1.30+0.04b 4.24+0.15¢ 17+1b
T, 7.80+0.08a 1.50+0.05a 4.26+0.12¢c 17+1b
T, 7.62+0.05a 1.65+0.03a 4.24+0.10c 18+1a
Ts 8.00+0.06a 1.44+0.00a 4.52+0.08b 18+1a
T, 7.87+0.04a 1.45+0.02a 4.70+0.07a 18+1a

EC, electrical conductivity of a saturated soil extract, SOM soil organic matter, CEC cation exchange capacity

Means (+ SD, n=10) in the same column denoted by different letters are significantly different according to

Duncan’s test at p < 0.05

The total count of PSB was increased by 13, 58, 20, and
85% above the control when T,, T3, and T4 were applied
(Fig. 1). PSB inoculation increased the total count of
PSB compared to the non-inoculated treatments. Humic
acid (HA) and PSB inoculation gave the highest signif-
icant value of PSB count.

3.2 Effect of Humic Acid and PSB on Some Nutrient
Availability in the Studied Sandy Loam Soil

The availability of nitrogen (N) and phosphorus (P) in the
studied sandy loam soil was investigated as affected by
the fertilization treatments and potassium solubilizing
bacteria (PSB), and the data are illustrated in Fig. 2A
and B. Generally, the results clearly showed that the ap-
plication of the investigated treatments significantly (p <
0.05) increased the concentrations of available nutrients
either with or without PSB compared to the control. The
application of T,, T3, and T, increased the available soil
N by 9%, 82%, and 91%, respectively, compared with the
control (Fig. 2A). Humic acid (HA) gave higher values of
available soil N than mineral fertilization and control
treatments. PSB inoculation for the soil fertilized with

K>SOy (T,) increased the available soil N by 8% above
the same treatment without inoculation (T;). PSB inculca-
tion of the sandy loam soil that was amended with HA
(Ty4) increased the available soil N by 5% compared to the
same treatment without inoculation (T;). The application
of T, to the sandy loam soil increased the available soil N
by 91% above T;.

The application of T,, T3, and T, increased the soil avail-
able P by 6, 40, 75, and 100%, respectively, compared to the
control (Fig. 2B). Humic acid (HA) gave higher values of
available soil P than the mineral fertilization and control treat-
ments. PSB inoculation for the soil fertilized with K,SO4 (T5)
increased the available soil P by 31% above the same treat-
ment without inoculation (T;). PSB inculcation of the sandy
loam soil that was amended with HA (T,) increased the avail-
able soil P by 14% compared to the same treatment without
inoculation (T3). The application of T4 to the sandy loam soil
increased the available soil P by 88% above T;.

The application of Ty, T,, T3, and T, increased the water-
soluble K by 63, 63, 63, and 100%, respectively, compared
to the control (Fig. 3A). Humic acid (HA) and PSB inocu-
lation gave higher values of water-soluble K than mineral
fertilization and control treatments. PSB inculcation for the

Fig. 1 Potassium dissolving
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s 3 1
o
X
g 2
(5]
1
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C T1 T2 T3 T4
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Fig. 2 Effect of treatments on nitrogen (A) and (B) phosphorus availability in the studied soil (means (+ SD, n =10) denoted by different letters are

significantly different according to Duncan’s test at p < 0.05)

sandy loam soil amended with HA (T,) increased the water-
soluble K by 23% compared to the same treatment without
inoculation (T3). The application of T, to the sandy loam
soil increased the water-soluble K by 23% above T,. The
application of Ty, T,, T3, and T, increased the exchangeable
K by 52, 55, 59, and 91%, respectively, compared to the
control (Fig. 3B). Humic acid (HA) and PSB inoculation
gave higher values of the exchangeable K than mineral fer-
tilization and control treatments. PSB inculcation for the
sandy loam soil that was amended with HA (T4) in-
creased the exchangeable K by 20% compared to the
same treatment without inoculation (T3). The application
of T4 to the sandy loam soil increased the exchangeable
K by 5% above T,;. Humic acid (HA) and PSB

inoculation gave lower values of the non-exchangeable
K than the mineral fertilization (Fig. 3C).

3.3 Effect of Humic Acid and PSB on Nutrient Uptake
by Faba Bean Plants

The uptake of nitrogen (N), phosphorus (P), and potassi-
um (K) by faba bean plants were investigated as affected
by the fertilization treatments and PSB, and the data are
illustrated in Table 2. The experimental results revealed
that the application of the investigated treatments signifi-
cantly (p <0.05) increased the uptake of nutrients either
with or without bio-fertilizers compared to the control.
The application of T,, T,, T3, and T4 increased N uptake
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Fig.3 Effect of treatments on water soluble (A), exchangeable (B), non-exchangeable (C), and K use efficiency (D) in the studied soil (means (+ SD, n =
10) denoted by different letters are significantly different according to Duncan’s test at p < 0.05)

by 43, 45, 74, and 97%, respectively, compared to the
control. PSB inculcation for the sandy loam soil amended
with HA (T,) increased N uptake by 13% compared to the

Table 2 Effect of treatments on
some nutrient’s concentrations,
carbohydrates, and chlorophyll in
faba bean leaves
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same treatment without inoculation (T3). The application
of T, to the sandy loam soil increased the available soil N
by 38% above T;.

Treatments N (g kg ") P(gkg™") K(gkg")  Carbohydrates (mg g ')  Chlorophyll (SPAD)
C 15.2+1.5¢ 4.0+0.1e 28.0+2.1d  24+1.4d 334+2.0¢

T, 21.0+2.2b 5.0+0.2d 35.8+2.1c  28+1.2¢ 38+2.3b

T, 22.0+2.0ab  5.50+0.3c  42.6+£2.5b  32+1.4b 4242.0ab

T3 26.5+£2.2a 6.0+£0.2b 46.2+2.6b 33+1.3b 454+2.3a

Ty 30.0+3.2a 6.7+0.1a 50.2+3.2a  36+1.2a 454+2.0a

Plant samples were collected at the beginning of flowering stage

Means (+ SD, n=10) in the same column denoted by different letters are significantly different according to
Duncan’s test at p <0.05
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The application of Ty, Ty, T3, and T, increased P uptake by
25, 38, 50, and 68%, respectively, compared to the control.
PSB inoculation for the soil fertilized with K,SO4 (T5) in-
creased P uptake by 10% above the same treatment without
inoculation (T;). PSB inculcation for the sandy loam soil
amended with HA (T,) increased P uptake by 12% compared
to the same treatment without inoculation (T3). The applica-
tion of T4 to the sandy loam soil increased P uptake by 34%
above T; (100% K,SOy,).

The application of Ty, T», T3, and T, increased K uptake by
28, 52, 65, and 79%, respectively, compared to the control.
PSB inoculation for the soil fertilized with K,SO4 (T5) in-
creased K uptake by 19% above the same treatment without
inoculation (T;). PSB inculcation for the sandy loam soil
amended with HA (T,) increased K uptake by 9% compared
to the same treatment without inoculation (T3). The applica-
tion of T4 to the sandy loam soil increased the K uptake by
40% above T;.

3.4 Effect of Humic Acid and PSB on Growth of Faba
Bean Plants

Some growth parameters, as affected by potassium sources
and potassium solubilizing bacteria (PSB), are shown in
Table 3. The maximum growth was obtained from T, follow-
ed by T3, Ty, and Ty, and the lowest growth parameters were
recorded in the control. In general, humic acid (HA) gave
higher values of plant growth than the mineral fertilization,
and the PSB inoculation increased plant growth compared to
the non-inoculated plants. The application of T, to the sandy
loam soil increased the plant highest, branch number, number
of leaves, and leaf area by 20, 23, 42, and 33% above T;.
The experimental results indicated that the application of
the investigated materials significantly (p <0.05) increased
the shoot and root weights of faba bean plants either with or
without bio-fertilizers compared to the control. The applica-
tion of Ty, T», T3, and T4 increased the fresh shoot weight by

38, 50, 63, and 88%, respectively, when compared with the
control, while the increases in the case of root were 15, 18, 25,
and 38%. Humic acid (HA) gave higher values of roots and
shoot matter than mineral fertilization and control treatments.
PSB inoculation of the soil fertilized with K,SO, (T,) in-
creased the root and the shoot biomass by 2 and 9% above
the same treatment without inoculation (T;). PSB inculcation
of the sandy loam soil that was amended with HA (T,) in-
creased the root and the fresh shoot weights by 10 and 15%
compared to the same treatment without inoculation (T3). The
application of T, to the sandy loam soil increased root and
shoot fresh weight by 19 and 36% above T;.

The application of Ty, T5, T, and T, increased the chlorophyll
by 15, 27, and 36%, respectively, compared with the control.
Meanwhile, increases in the case of carbohydrates were 17, 33,
38, and 50% (Table 2). Humic acid (HA) gave higher values of
chlorophyll and carbohydrates than the potassium sulfate and
control treatments. PSB inoculation of the soil fertilized with
K5SOy4 (T,) increased the chlorophyll and carbohydrates by 10
and 14% above the same treatment without inoculation (T). The
application of T, to the sandy loam soil increased the chlorophyll
and carbohydrates by 18% and 29% above T;.

3.5 Effect of Humic Acid and PSB on Yield of Faba
Bean Plants and K Use Efficiency

The response of seed and straw yield to the tested fertilization
treatments is shown in Table 4. The application of Ty, T5, Ts,
and T, increased the seed yield by 16%, 17%, 20%, and 30%,
respectively, compared with the control in the first season and
by 18%, 20%, 26%, and 36% in the second season. The ap-
plication of Ty, T,, T3, and T, increased the straw yield by
24%, 34%, 37%, and 44%, respectively, compared with the
control in the first season and by 18%, 24%, 37%, and 43% in
the second season. Humic acid (HA) with 50% of mineral K
dose gave higher values of seed and straw yields than the full
recommended dose of K,SO, and control treatments. PSB

Table 3 Effect of treatments on

some growth parameter of faba Treatments PH (cm) BN/plant LN/ LA (cm%/plant) SFW RFW

bean plants plant g/plant g/plant
C 50+3d 2.0+0.2d 100+6e 350+10d 80+3e 40+2d
T, 60+2¢ 3.0+0.2bc 120+6d 450+14c 110+3d 46+2¢
T, 62+2b 3.3£0.1b 150+7¢ 520+12¢ 120+3c¢ 47+3¢
T;5 70+4a 3.5+0.1ab 160+8b 550+13b 130+4b 50+3b
Ty 72+4a 3.7£0.2a 170+7a 600+12a 150+5a 55+3a

PH plant highest, BN branches number, LN leaves number, LA leaf area, SFW shoot fresh weight, RFW root fresh

weight

The data were recorded at the beginning of flowering stage

Means (+ SD, n=10) in the same column denoted by different letters are significantly different according to

Duncan’s test at p <0.05
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Table 4  Effect of treatments on yield of faba bean plants during 2018
and 2019 growing seasons

Treatments 2018 2019

Seed (t ha') Straw (t ha ') Seed (t ha™') Straw (t ha ')

C 5.00£0.03d 5.12+0.07d  4.85+£0.05d 5.12+0.09¢
T, 5.80£0.02¢c  6.34+0.07c  5.70+£0.06c  6.04+0.05d
T, 5.84+0.06bc 6.84+0.08b  5.80+0.04c  6.34+0.06¢c
Ts 6.00+£0.05b  7.00£0.06b  6.10+0.07b  7.00+0.08b
Ty 6.52+£0.04a 7.35+0.09a  6.60+£0.05a 7.32+£0.07a

Means (+ SD, n = 5) in the same column denoted by different letters are
significantly different according to Duncan’s test at p <0.05

inoculation for the soil fertilized with K,SO, (T,) caused
slight increases in the seed and straw yield above the same
treatment without inoculation (T)).

The inoculation of sandy loam soil with potassium solubi-
lizing bacteria (PSB) and the application of humic acid (T4)
increased the seed and straw yield compared to the same treat-
ment without inoculation (T3). The application of T4 to the
sandy loam soil increased seed and straw yield by 14% and
19% above T, (full mineral potassium nutrition). The potas-
sium use efficiency (KUE) is affected significantly by the
potassium treatments (Fig. 3D). KUE ranged from 14-40%.
The highest significant value of KUE was T4, while the lowest
one was recorded in T;.

4 Discussion

Faba bean plants grown in sandy loam soil are affected by
humic acid (HA) and inoculation with potassium solubilizing
bacteria (PSB). Vegetative growth of faba bean plants in-
creased significantly in response to PSB and HA; this may
be due to the enhancement of photosynthesis and nutrient
uptake (Labib et al. 2012; Abou-Zaid and Eissa 2019; Al-
Sayed et al. 2020; Ali et al. 2021). The bio-fertilization of faba
bean plants with Bacillus circulars caused remarkable eleva-
tion in nitrogen (N), phosphorus (P), and potassium (K) avail-
ability in the studied sandy loam soil as well as the uptake of
these nutrients by faba bean plants. Remarkable increases in
the water-soluble and exchangeable potassium were found as
aresult of PSB inoculation. The increasing of potassium avail-
ability in the current study may be due to the potassium solu-
bilizing from feldspar and increasing the activity of potassium
solubilizing bacteria in the rhizosphere of faba bean plants
(Massoud et al. 2009; Al-Sayed et al. 2020). Under the current
study, the inoculation of sandy loam soil amended with
40 kg ha ' of humic acid increased the population of PSB
by 84% above the control. Increasing the total count of PSB
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may enhance the availability and uptake of plant nutrients
(Massoud et al. 2009; Al-Sayed et al. 2020). The availability
of nitrogen (N) and phosphorus (P) was increased as a result of
bio-fertilization with Bacillus circulars applied with humic
acid. The production of organic acids associated with the ac-
tivity of PSB may enhance the availability of these nutrients
and may stimulate plant growth. Several studies have been
reported the ability of PSB to produce organic acids, e.g.,
citric, tartaric, and oxalic acids (Meena et al. 2016; Al-Sayed
et al. 2020). Abdel-Salam and Shams (2012) and Labib et al.
(2012) found that PSB increased the uptake of nitrogen (N),
phosphorus (P), and potassium (K) by faba bean. Abdel-
Salam and Shams (2012) studied the response of potato grown
on clay soil to PSB inoculation, and they found increases in
the fresh weight of shoots, leaf area, and total chlorophyll in
comparison with the untreated plants. Improving the vegeta-
tive growth may be due to the increase in PSB population that
could solubilize potassium from the feldspar with a continu-
ous supply of potassium which leads to enhance the plant
growth as a result of bio-fertilization (Parmar and Sindhu
2013; Selladurai and Purakayastha 2016). The bio-
fertilization of faba bean with Bacillus circulars significantly
increased the growth and yield above the untreated plants. The
plants inoculated with PSB and amended with humic acid
were more able to produce soluble carbohydrates and chloro-
phyll. Increasing the ability of plants to create carbohydrates
and increase the efficiency of the photosynthesis process led
to a distinct increase in the growth of faba bean plants, and
thus increased the seed and straw yield. The increases in the
growth of faba bean may be due to the promotion of nutrient
uptake and through the production of plant hormones as a
result of inoculation with Bacillus circulars (Mahamud et al.
2015; Meena et al. 2016).

Potassium use efficiency of the applied fertilizers ranged
from 14 to 40% of the applied potassium. Most of the applied
potassium was not taken up by faba beans due to the low use
efficiency of potassium fertilizers (Dhillon et al. 2019).
Potassium use efficiency (KUE) for cereal crops in the world
stands at 19% (Dhillon et al. 2019). The highest values of
KUE were recorded in the case of faba bean plants inoculated
with PSB and amended with humic acid. The superiority of
that treatment, which contains humic acid at a rate of
40 kg ha !, was clearly in the current study. Humic acid max-
imized the availability of N, P, and K and this may be due to
improving soil quality and increasing microbe’s activity of
PSB (Abiven et al. 2009; Van Zwieten et al. 2010; Eissa
2014; Eissa 2016. Dingsoy and Soénmez (2019) studied the
humic acid impacts on wheat plants, and they found that in-
creasing the rate of applied humic acid increased the soil or-
ganic carbon and nutrients availability; moreover, humic acid
increased the growth and yield of wheat. Humic materials
contain many active groups, €.g., carboxyl, carbohydrate, hy-
droxyl, phenol, and methoxyl (Peuravuori et al. 2006; Bulgari
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et al. 2019; de Jesus Souza et al. 2019). The structure of the
organic materials in humic acid plays vital roles in the avail-
ability of essential plant nutrients (Dingsoy and Sonmez
2019). The application of humic acid to the sandy soils has
several advantages through increasing the root growth, en-
hancing the growth of soil microorganisms, increasing soil
water holding capacity, and improving the structure of soils
(Canellas et al. 2015; Dingsoy and Sonmez 2019).

5 Conclusions

The use of bio-fertilization and humic acid to reduce mineral
fertilization and to obtain clean food is crucial to both our
health and the environment. There is sufficient information
about the symbiotic fixation of nitrogen by rhizobia in the case
of faba beans plants, but little is available about its response to
potassium solubilizing bacteria. The response of faba bean
plants to a bio-fertilizer containing Bacillus circulars and the
application of 40 kg ha™' of humic acid was studied via ex-
perimentation in a 2-year field study. According to the results
of field studies in this research, it is possible to use biological
fertilizers that contain Bacillus circulars to produce faba bean
with low rates of mineral K fertilization. The application of
40 kg ha™" of humic acid and the inoculation with potassium
solubilizing bacteria can reduce the rates of mineral potassium
fertilization by 50%. Usually, farmers aspire to achieve higher
yields by increasing fertilization rates, which may have a neg-
ative impact on food safety and the integrity of the ecosystem.
The findings of the current study achieve the aspirations of
farmers and at the same time reduce the high mineral fertili-
zation. More research studies are required to investigate the
biological behavior and agricultural interactions between po-
tassium solubilizing bacteria and nitrogen-fixing bacteria in
faba bean plants.
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