Iraqi Journal of Desert Studies 2023, 13 (1): 76-84 Original Article

Effect of Biochar and Bentonite Application in Availability and Uptake of N, P
and K for Faba Bean in Desert Soil

Saja H. Al-Mishyikh, Abbas K. Jarallah”
Department of Desertification combat, College of Agricultural Engineering Sciences, University of Baghdad,
Baghdad, Iraqg.

A field experiment was carried out to evaluate effect of some soil conditioners (biochar and bentointe) in availability and
uptake of N, P and K for Faba bean in desert soil. The study included four levels of biochar (Seek) 0, 10, 20 and 30 Mg ha1 ( So,
S1, Sz and S3) and four levels of bentonite 0, 10, 20 and 30 Mg ha! (Bo, B1, B2 and Bs). The experiment was carried out according
to randomized complete block design (RCBD) with three replicates were used. The results indicated that the application of
biochar and bentonite significantly affected in nutrients availability and uptake under study. The forth level of biochar and
bentonite gave the highest values of N, P and K availability reached 67.79, 16.60 and 202.69 mg kg soil for N,P and K
availability, respectively for biochar and 66.83, 15.49 and 184.57 mg kg soil for bentonite. The results showed also that the
fourth level of biochar and bentonite gave the highest values of N, P and K uptake reached 45.64, 12.53 and 23.82 kg ha'l,
respectively for biochar and 47.97, 11.86 and 22.71 kg hal, respectively for bentonite. As for the interaction between two
amendments the treatment (S3B3) was the most efficient in giving the highest values for available N, P and K it reached 72.43,
20.53 and 217.13 mg kg soil, respectively and nutrients uptake reached 55.97, 14.94 and 32.14 kg ha'l, respectively.
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Desert consist of sandy soils, which include large areas in the world. Sandy soils are well aerated and drainable and
their total porosity low as compared to clay soils which made its ability to retain water and the available water low
as well as low specific surface area and it is a poor soil in its cation exchange capacity (CEC), organic matter
content and nutrient (Al-Janabi, 2016). Some methods have been used to improving the sandy soils in desert and
desertified lands to overcome its agricultural determinants by improving the physical, chemical and biological
properties of the soil, increasing its nutrients availability and productivity, the most important of these means is
the use of some industrial or natural amendments which it was organic or mineral. Natural amendments, such as
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clay represented by bentonite clay, have been used widely in the world for its role in improving many soil
properties and increasing available nutrients (Al-Kinani and Jarallah,2021). Organic or mineral materials that
improve most soil properties,fertility of the soil and increasing its productivity( Tawfiq, 2009). Many of soil
conditioners have been used in coarse-textured soils with the aim of improving their properties and improving
their fertility and yield of various agricultural crops, such as bentonite clay (Al-Kinani and Jarallah , 2021,2022) and
zeolite (Hassan and Mahmoud, 2013). Also, organic conditioners were used from different animal and vegetable
sources, compost and waste from cities and factories (Al-Kinani and Jarallah, 2021; Al-Saadi and Al-Wardy,2019). In
addition, using biochar which is a modern soil conditioner (Al-Tameemi and Jaber, 2019; Liu et al., 2019). Biochar is
defined as a carbon-rich organic material produced from the thermal and chemical decomposition of living mass at
a temperature of 400-800 °C under conditions of low oxygen or a limited amount of it (Gul et al., 2015). It was
found that biochar is one of the compounds resistant to microbial decomposition in soil (Biederman and Harpole,
2013). Many studies focused on the use of biochar as an improvement of the biological, physical and chemical
characteristics of degraded soils as well as improving soil fertility and productivity for various agricultural crops
(Hui,2021; Kizito et al., 2019 ; Shah et al.,2021; Xiang et al.,2017). Many researchers found that bentonite
enhancers coarse texture soil, increasing nutrient availability, plant growth and productivity (Abed et al., 2016; Al-
Hayani et al., 2022 ;Al-Kinani and Jarallah, 2021; Molla et al., 2014). The importance of the Faba bean crop is not
that it is a major source of protein and energy and a good and cheap alternative to meat and fish protein, but
rather its ability to fix atmospheric nitrogen through root nodules formed on its roots with has an examination of
the presence of bacteria in the soil been conducted and rotations cycles (Fagaria, 2005). This study was aimed to
evaluate the effect of two types of soil conditioners (biochar and bentonite) in some macronutrients N, P and K)
availability and their uptake for Faba bean in Iraqi desert soil.

Materials and Methods

A field experiment was conducted at desert soil with sandy loam texture in Al-Karma district of Al-Anbar
Governorate. The experiment was divided into 3 blocks, each one includes 15 experimental unit and the distance
between them was 1 m while the distance between blocks was 2 m. Soil samples were collected from the layer (0 —
0.3 m) before planting. Some physical and chemical properties of the soils were measured by (Page et al.,1982)

Table 1.
Table 1. Some physical and chemical properties of soil before planting.

Property Value Unit
EC (1:1) 3.20 dSm!
pH (1:1) 7.40
oM 7.60 kel soil
Carbonate minerals 263.15 gXe sol
CEC 4.11 C mol+kg™! soil
Ca™ 19.32
Mg 9.24
Na* 3.65
+
Soluble ions IC<03= O.? ’ m mole L!
HCOs3 1.00
SO4~ 0.91
Crl 22.65
NH4* 11.20
Auvailable nutrients 1;103 145%'2830 mg kg! soil
K 116.14
Bulk density 1.64 Mg m
Field capacity 9.38
Wilting point 2.50 %
Available water 6.88
Particle size analysis
Clay 124.0
Silt 116.0 ¢ kg! soil
Sand 760.0
Texture Sandy loam
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The experiment included four levels of biochar (Seek Chinese origin: it is an organic charcoal produced from
bamboo cane) which are 0, 5, 10, and 15 Mg ha and their symbols (So, S1, S2 and S3) Table 2 shows some
characteristics of the biochar. Four levels of bentonite were used which 0, 10, 20 and 30 Mg ha* and their symbols
(Bo, B1, B2 and Bs) some characteristics of the bentonite clay (Table 3). Both conditioners were added after mixing
them with the soil. Faba bean (Vicia faba L.)

Table 2. Some characteristics of biochar (Seek).

Characteristic Value Unit
EC (1:5) 3.18 dS m1
pH (1:5) 7.15 -

N 1.31

P 0.65

K 1.65 %
0.C 25.32

o.M 43.65

C:N 19.33 -

Spain cultivar (Luz-de-otono variety) was sown in 17/10/2021 for winter season, N was added at 100 kg N ha as
urea (46% N) and P at 120 kg P,0s ha! was added as TSP. (46% P20s) and K at a level of 40 kg K20 ha' in the form
of K2504 (50% K20) according to the fertilizers recommendation of board bean (Ali et al., 2014). N was added in
two doses, As for P and K fertilizers, they were added once. At the end of the experiment the crop was harvested

in 26/3/2022.
Table 3. Some characteristics of bentonite.

Characteristic Value Unit
ECe 3.14 dSmt
pH 7.00
CaCOs3 130.10 kel
Gypsum 2.40 gxe
CEC 60.1 C mol.kg? clay
P20s 0.65
K,O 0.50
Cao 0.58
MgO 0.18
. Fe,03 1.52 o
Oxides content ALOs 3458 %
Na,0 0.18
SOs3 0.23
SiO; 51.96
cl 0.05
Particle size analysis
Clay 899.0
Silt 99.0 g kg clay
Sand 2.0
Texture Clay

A mean of vegetative dry weight was measured for five plants per experiment unit. Nitrogen, phosphorus and
potassium availability in soil were determined according to (Page et al., 1982), While their concentration were
determined in vegetative part to (Jackson,1958). Nutrient uptake calculated as follows:

Nutrient uptake = Nutrient con, (%) X Vegetativedry weight
A factorial experiment was carried out within randomized complete block design (RCBD) with three replications.
Least significant differences test (LSD 0.05) was used to compare the means of the treatments (Steel and

Torrie, 1980).
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Nutrients availability after harvest

Nitrogen

The results in Table 4 showed an increase in nitrogen availability with an increase in the level of addition of biochar
by 17.44, 30.55 and 40.41% for added levels 5, 10 and 15 Mg ha! respectively, compared to 0 Mg ha! and forth
rate gave the highest of available nitrogen in the soil. The results also showed that available nitrogen increased
with the increase bentonite application from 0 to 10, 20 and 30 Mg ha™ by 13.23, 24.38 and 33.53% for added
levels respectively, compared to 0 Mg ha. The results showed a significant effect of the interaction between
biochar and bentonite in nitrogen availability and the forth level of biochar and bentonite outperformed in
achieving the highest value of nitrogen availability with treatment S3Bs, which amounted to 72.43 mg kg soil with
an increase of 111.60% compared to the control treatment (SoBo) 34.23 mg kg* soil. It appears that the addition of
both factors together to the soil was more efficient in increasing the availability of nitrogen than if each was added
separately to the soil.

Table 4. Effect of biochar and bentonite in N availability (mg kg soil) after harvest.

N
Biochar (S) Bentonite (B) B
Bo B1 B, Bs Mean
So 34.23 43.60 55.13 60.13 48.28
S1 45,53 55.27 60.40 65.60 56.70
S; 56.43 61.37 65.17 69.13 63.03
S3 64.00 66.43 68.30 72.43 67.79
S Mean 50.05 56.67 62.25 66.83
Biochar Bentonite SxB
LSD 0.05 0.74 0.74 1.47

Phosphorus

Also table 5 explained available P increased by 33.62, 65.89 and 102.93% for the levels of biochar which was
superior to 15 Mg ha in giving the highest P availability value. The results also showed that the bentonite
significant effect in phosphorus availability. The available phosphorus increased by 9.85, 33.10 and 57.26% for
three levels of bentonite 10, 20 and 30 Mg ha™ respectively, compared to (0 Mg ha™). The third rate of bentonite
gave the higher value of available phosphorus, which was 15.49 mg kg™ soil and the highest increase compared to
the other three levels. Interaction between biochar and bentonite significantly affect on available phosphorus after
harvest. Treatment S3B3 gave the highest value of available phosphorus, which reached to 20.53 mg kg soil with an
increase of 231.13% than the control (SoBg)) which reached to 6.20 mg kg™soil which indicates that each factors
had a positive effect on increasing the availability of phosphorus in soil. It appears that the addition of both factors
together to the soil was more efficient in increasing the availability of phosphorous than if each was added
separately to the soil.

Table 5. Effect of biochar and bentonite in P availability (mg kg' soil) after harvest.

N
Biochar (S) Bentonite (B) Mean
Bo Bi B B3
So 6.20 7.17 8.43 10.90 8.18
Si 8.53 9.47 12.10 13.60 10.93
Sz 10.73 11.80 14.80 16.93 13.57
Ss 13.93 14.83 17.10 20.53 16.60
Mean 9.85 10.82 13.11 15.49
Biochar Bentonite SxB
LSD0.05 025 0.25 0.51

Potassium

The forth rate (15 mg ha) outperformed in achieving the availability of potassium, which reached to 202.69 mg
kg? soil. The results also showed that the available potassium increase of 4.23, 9.39 and 14.90% for three levels of
bentonite 10, 20 and 30 mg ha! compared to without addition Table 6. The results shows the superiority of the
forth level in achieving the highest value of available potassium as it 184.57 mg kg™ of soil compared to the other
levels. For the interaction between biochar and bentonite had a significant effect on potassium availability after
harvest. The treatment S3B3 outperformed as it gave the highest value of available potassium, which reached to
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217.13 mg kglsoil with an increase of 125.52% over the lowest value which was the control treatment for the
interaction (SoBo), which reached 125.13 mg K kg™! soil.
Two factors had a positive effect in their interaction on potassium availability.

Table 6. Effect of biochar and bentonite in K availability (mg kg-! soil) after harvest.

N
Biochar (S) Bentonite (B) Mean
Bo B1 Bz BS
So 125.13 140.23 150.63 158.87 143.72
S1 154.83 160.07 167.30 172.47 163.67
Sz 169.27 175.47 179.33 189.80 178.47
S3 193.33 194.63 205.67 217.13 202.69
Mean 160.64 167.60 175.73 184.57
Biochar Bentonite SxB
LSD0.05 1.92 1.92 3.85

The addition of biochar led to an increase nitrogen, phosphorus and potassium availability in the soil after harvest
of the Faba bean plant. This may be due that biochar is the source of some nutrients present in its composition
after mineralization such as nitrogen and phosphorous, in addition to its contribution to reducing the loss of
nutrients through leaching and volatilization (Ding et al., 2016). As well as, it contributes to increasing the
exchange capacity of positive ions and increasing nutrients availability such as potassium (Kizito et al., 2019; Lee et
al., 2021), and biochar works to reduce soil pH which contributes to increasing the availability of some nutrients
such as nitrogen and phosphorus (Nigussie et al., 2012). It was also noted that biochar has a high adsorption
capacity and its contribution to increasing nitrogen and phosphorus availability and its ability to retain these two
nutrients and reduce their loss (Huang et al., 2020). It was also found that the active groups possessed by biochar
(carboxylic and phenolic groups) compete with phosphorus for adsorption sites and increase its availability. It also
increases soil cations exchange capacity (CEC), thus increasing the cations availability such as nitrogen (ammonium
ion) and potassium (Jiang et al., 2015). Many researchers have found that the addition of biochar to the soil led to
an increase in the availability of many nutrients, including nitrogen, phosphorus and potassium, as well as its role
in retaining nutrients and reducing their losses through volatilization and leaching and increasing the efficiency of
the use of fertilizers added to the soil (Li et al., 2021; Zahra et al., 2021). Sasmita et al. (2017) obtained a positive
linear correlation between phosphorus availability and biochar addition level.

Bentonite addition increased nitrogen, phosphorus and potassium availability in the soil after harvest. This may be
attributed to the its addition to coarse-textured soils such as the study soil (loamy sandy) (Table 1) led as an
improver for different soil properties, as it contributes to increasing soil CEC which increases nutrients availability
(Salih, 2000; Sacchi, 2010) and increases the ability of the soil to retain nutrients. It reduces theirs loss under
leaching and increases fertilizer use efficiency (Yssaad et al., 2011). And because of its high cations exchange
capacity (up to 150 Cmol:kg?) and its ability to increase the moisture content in the soil, it contributes to
increasing the availability of most nutrients Ca, Mg, K, N and P (Minhal et al., 2020). It was also found that
bentonite reduces the fixation of phosphorus and potassium in the soil and increases the ability of the soil to retain
water and reduces the loss of nutrients (Iskander et al., 2011). The results agree with many researchers who
obtained in their studies an increase in most nutrients, including nitrogen, phosphorus, and potassium, as a result
of adding bentonite clay to the soil, especially coarse texture (El-Etr and Hassan, 2017 ; Abdeen, 2020).

Interaction between biochar and bentonite had a positive and significant effect on available nitrogen, phosphorous
and potassium because both factors of the study contributed to improving the soil properties such as increasing
soil CEC, organic matter content and reducing pH which led to an increase in the availability of nutrients (N, P and
K). It appears from the results that the biochar was more effective in increasing nutrients availability as compared
to bentonite. The addition of biochar and bentonite conditioners to coarse soils had a better effect than if they
were added separately, A number of studies that used biochar bentonite together as improvers for sandy soils
found similar results (Eldardiry and Abd El-Hady, 2015 ; Abbas et al.,2018 ; Al-Kinani and Jarallah, 2022).
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Nutrients uptake in plant

Nitrogen

Nitrogen uptake in vegetative part increased significantly with the increase biochar level added, as the values
increased by 18.46, 34.05 and 52.34% for levels 5, 10 and 15 Mg ha™%, respectively compared to the control
treatment Table 7. The results also explained the increase bentonite levels 10, 20 and 30 Mg hatincreased N
uptake by 18.24, 49.70 and 70.89% for bentonite levels, respectively compared to the control treatment. The
treatment (S3Bs) gave the highest value for N uptake of 55.97 Kg ha™* with an increase of 154.29% compared with
(SoBo).

Table 7. Effect of biochar and bentonite in N uptake in vegetative part (Kg hat).

N uptake
Biochar (S) Bentonite (B) B
Bo B1 B, Bs Mean
So 22.01 26.79 33.80 37.23 29.96
S: 26.26 29.42 38.78 47.49 35.49
Sz 28.82 35.97 44.66 51.18 40.16
S3 35.18 40.56 50.84 55.97 45.64
S Mean 28.07 33.19 42.02 47.97
Biochar Bentonite SxB
LSD 0.05 1.39 1.39 2.78
Phosphorus

The results in Table 8 show that P uptake increased significantly with increasing biochar levels with an
increase of 33.03, 59.51and 90.72% for the levels of adding biochar 5, 10 and 15 Mg ha!, respectively, compared
to the treatment (0 Mg ha). The bentonite addition had a significant effect on P uptake with an increase of 31.67,
45.79 and 69.19% for the levels of adding bentonite 10, 20 and 30 Mg ha%, respectively compared to the control
treatment. Interaction between biochar and bentonite affect significantly in P uptake. The (S3B3) was superior
value of 14.94 Kg ha! with an increase of 208.68% with (SoBo) which 4.84 Kg ha. The addition of biochar and
bentonite together was better in increasing P uptake than adding each of them separately.

Table 8. Effect of biochar and bentonite in P uptake in vegetative part (Kg ha?).

P uptake
Biochar (S) Bentonite (B) B
Bo B1 B, Bs Mean
So 4.84 6.15 7.10 8.18 6.57
S1 5.85 8.35 9.25 11.51 8.74
S, 7.24 10.31 11.56 12.80 10.48
S3 10.11 12.13 12.96 14.94 12.53
S Mean 7.01 9.23 10.22 11.86
Biochar Bentonite SXB
LSD 0.05 0.21 0.21 0.42
Potassium

Results in Table 9 show that K uptake increased significantly with increasing biochar levels with an increase of 35.78, 77.79

and 121.38% for the levels of biochar added 5, 10 and

15 mg ha, respectively, compared to (0 mg ha?) treatment. Bentonite addition had a significant effect on K uptake with an
increase of 23.85, 43.67 and 83.00% for the levels of bentonite added 10, 20 and 30 mg ha’, respectively compared to the
control treatment. The interaction between biochar and bentonite affect significantly in K uptake. The (S3Bs) was superior the
highest value of 32.14 Kg ha with an increase of 309.43% of (SoBo) which it 7.854 Kg ha™. Both amendments (biochar and

bentonite) effects in increasing K uptake in plant.
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Table 9. Effect of biochar and bentonite in K uptake in vegetative part (Kg ha').

K uptake
Biochar (S) Bentonite (B) B
Bo B1 B, B3 Mean
So 7.85 9.96 11.70 13.52 10.76
S1 10.63 13.21 14.44 20.15 14.61
S, 13.24 17.45 20.80 25.03 19.13
S3 17.93 20.86 24.36 32.14 23.82
S Mean 12.41 15.37 17.83 22.71
Biochar Bentonite SxB
LSD 0.05 0.37 0.37 0.74

The addition of biochar led to a significant increase in the amount N, P and K uptake in Faba bean, this may be
attributed to the addition of biochar as an improver to the coarse texture like study soil ( sandy loam) and its
addition contributed to improving soil physical and chemical properties as well as increasing some nutrients
availability including nitrogen, phosphorus and potassium being a source of nutrients for nitrogen and phosphorus
and its role in increasing soil CEC and reducing soil pH by forming organic acids as a result of its decomposition, and
the humic acids that have the ability to hold nutrients such as phosphorus, which leads to an increase in its
availability and a decrease in its loss. All of its roles mentioned contributed to nutrients availability (N, P, and K),
which led to an increase in their uptake and content in the bean plant (Sun et al., 2018; Simansky, et al., 2022). The
results are consistent with what was obtained by a number of researchers (Kizito et al., 2019;Santos et al.,2019;
Lee et al., 2021) who obtained in their study an increase in the content and uptake of nitrogen, phosphorus and
potassium in the plant after adding biochar to coarse texture soil.

As for the increase in nitrogen, phosphorus and potassium uptake in plant with an increase in bentonite addition
levels, this may be attributed to the role of bentonite clay in improving the physical and chemical properties of the
study soil as well as improving its fertility (increasing the available nutrients, including nitrogen, phosphorus and
potassium), which were reflected in the increase in these uptake in the Faba bean. (Semalulu et al. 2015, Minhal et
al. 2020, and Al-Kinani and Jarallah, 2021). A number of researchers obtained an increase in the content and
absorption of nutrients (nitrogen, phosphorus, and potassium) for yellow corn, white corn, potatoes, and
vegetable crops as a result of adding bentonite clay as an improver to coarse-textured soil (EI-Etr and Hassan, 2017
; Al-Kinani and Jarallah, 2022).

The interaction between the addition of biochar and bentonite, its effect was positive in increasing the uptake and
content of nutrients nitrogen, phosphorus and potassium in the vegetative part and grains. The interaction effect
of these two conditioners excelled in achieving the highest values and rates of increase in the absorption of the
nutrients under study compared to if each was added separately, and this was confirmed by the results of studies
of researchers who used biochar, bentonite and organic residues in coarse-textured soils and obtained an increase
in the content and nutrients uptake (nitrogen, phosphorous, and potassium) (Wyszkowski et al., 2009; Ajayi and
Horn, 2016 ; Abbas et al., 2018).

It can be concluded the addition of soil conditioners (seek biochar and bentonite) significantly affects the
availability of nutrients (nitrogen, phosphorus and potassium). The addition of biochar and bentonite achieved a
great response to the Faba bean plant represented by increasing the parameters of vegetative growth and nutrient
uptake. The effect of the two conditioners to the soil together was more efficient in increasing nutrients
availability and their uptake in plant under study compared to adding each of them separately.
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