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ABSTRACT

During the last decades, biochar (BC) gained increasing importance amongst
scholars. Though, only a few studies explored the effects of the combined
application of BC with manure on plant growth and nutrient concentrations. This
study investigates the effects of separate and joint applications of goat manure
(GM) and its derived BC on the growth and mineral element concentrations

a joint application of inorganic and organic fertilizers affects significantly the
yield and yield parameters of the lettuce whilst the separate application of
organic fertilizer affects significantly the lettuce content in N, P, K, Ca and Mg.
Compared to GM, the application of GM-derived BC increases significantly
the lettuce content in Zn and decreases its content in Cu. In addition, the

in lettuce. A completely random design was used in the field experiment.
Two factors consisted of GM, BC at 5 Mg ha! and 10 Mg ha' combined with
inorganic fertilizers [nitrogen, phosphorus, and potassium (NPK)] at 100%,
50%, and 0% were applied to the soil before planting the lettuce and, ANOVA
analysis and Duncan test (at a=5%) were conducted. The results showed that

highest total yield of lettuce was obtained with a joint combination of GM,
BC, and 100% NPK (100 kg N ha'', 100 kg P,O, ha" and 100 kg K,0 ha™).
Consequently, this combination of organic and inorganic fertilizers is favorable
fertilization in producing lettuce.

Keywords: Biochar, Goat manure, Lettuce, Inorganic fertilizer, Nutrients

1. Introduction

For long decades, inorganic fertilizers were used as one of the most essential inputs in agricultural systems. Though the resources
consisting of the raw materials of some fertilizers such as phosphorus have declined (Gunes et al. 2006) and other inorganic fertilizers
composed of heavy metals such as Hg, Cd, As and Pb accumulated in the different parts of the plants while they are applied at a high
dose to the agricultural soil (Savci 2012). Besides, the pollution of soil and groundwater resources due to NO, constitutes serious issues
(Pawar & Shaikh 1995) so that the increase of fertilizer efficient use becomes crucial. Accordingly, Palm et al. (1997) indicated that the
combination of organic materials and inorganic fertilizers is a reliable method.

On the other hand, processed or unprocessed farmyard manures could be used in agricultural systems. Most studies focused on biochar
(BC) obtained from wood materials (Lentz & Ippolito 2012; Borchard et al. 2012; Schomberg et al. 2012; Hansen et al. 2016). Besides,
Sarmento et al. (2019) investigated the effects of goat manure (GM) application on the development and yield of lettuce plants in Brazil.

BC is a porous substance rich in carbon produced from organic materials such as; animal droppings, wood, green waste, sludge by a
means of pyrolysis process under limited oxygen supply (Lehmann & Joseph 2009). Sohi et al. (2010) mentioned that the International
Biochar Initiative (IBI) indicated that BC differs from charcoal due to it is especially used as a soil amendment. In addition, Lehmann et
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al. (2006) noted that BC is a material obtained from black fragments, light, porous, dry, and easy to transport. Zhao and Nartey (2014)
defined BC as a porous, high specific surface area, negatively charged, containing functional groups (hydroxyl, carboxylic, phenolic)
material.

Recently, BC has gained much importance from scholars due to it is considered a means to combat global climate change and to
improve soil fertility. Besides Lehmann (2007) stated that BC is an inorganic and biological product that could remain active in the
soil for more than 1000 years. Therefore, the application of BC in the soil offers opportunities for atmospheric carbon sequestration
and increases the soil capacity in nutrient retention. This is due to that a high specific surface area coupled with the presence of
numerous surface functional groups increase the cation exchange capacity (CEC) of the soil (Sohi et al. 2010; Verheijen et al.
2009). Krull et al. (2009) mentioned that the BC physico-chemical properties depend on the pyrolysis conditions and type of used
raw material and Wang et al. (2012) noted that the BC effects on the availability of plant nutrients in soil depend on the type of
raw material as well as the content of BC nutrients. Most studies focused on BC application, soil physico-chemical properties, and
plant yield (Sohi et al. 2010; Jeffery et al. 2011) whilst only a few scholars explore the effects of BC and manure application jointly
(Sarkhot et al. 2012; Lentz et al. 2014).

On the other hand, the application of BC could improve soil water retention, reduce the toxicity of certain pollutants and stimulate
soil biodiversity (macro and micro-fauna) (Rees et al. 2014). Biederman and Harpole (2013) mentioned that the presence of BC in
the soil increases crop productivity is usually observed in the presence of BC whilst Jeffery et al. (2011) stated that BC has potential
negative effects such as; increasing soil salinity and fortifying soil contaminants. The use of BC in agriculture and the environment
gained increasing importance due to it improving plant growth, sequestering carbon, and capturing the soil contaminants (Verheijen
et al. 2009). Allaire and Lange (2013), highlight that this interest in BC comes from its ability to improve soil fertility, water content,
and soil microbiology and therefore BC contributes to increasing plant productivity both in agricultural soils, artificial soils, or
degraded soils.

In addition, the importance of BC depends on its properties, type of soil, plant species, and climate (Mounirou et al. 2020). Accordingly,
the BC properties depend on the used raw material and the type of pyrolysis method used for its production. The advantages of the
pyrolysis technique include easy liberation of nutrients to the soil and the BC can be lonely used or combined with organic or mineral
fertilizers to improve soil fertility (Mounirou et al. 2020). In addition, BC can be applied to soils polluted by heavy metals to restore
them. Besides, BC contains a high proportion of P, K, Ca, Mg, Fe, Zn, Cu, and Mn twice than manure, and can sequester carbon for
millennia due to its high carbon content. BC improves soil pH, CEC, soil water retention capacity, biological activity, and structure so
that it could significantly improve the physico-chemical and biological soil parameters (Kaya et al. 2019).

Many techniques are used in producing BC but they can be ranged into modern or artisanal techniques. Modern techniques, relatively
affordable are developed in India, Canada, Japan, China, Turkey, France and Rwanda, which are countries are where there is increasing
interest in BC. However, previously it was shown that BC can increase crop yields by 100-300% according to its raw materials, the
temperature of pyrolysis techniques and the type of soil and the plant. This study aims to evaluate the efficiency of BC, manure, and
inorganic fertilizers and their combination on lettuce cultivation.

2. Materials and Methods

2.1. Materials
2.1.1. Manure and biochar

The GM used in this study was procured at Ankara University hovel and it was sieved at 2 mm and then it was weighted before
application. In addition, this sieved GM was used for obtaining BC. For this, the GM was pyrolyzed in a stainless-steel skip under
limited O, conditions. First, the GM was filled into the skip and tilted horizontally on 2 bricks. Wood was fired perpetually under skip
for 3 hours and rotated every 30 minutes and then after 3 hours, it was waited to cool room temperature and weighted for application.
The BC yield was determined as described by Sadaka et al. (2014) and the physicochemical properties of the GM and BC were shown
in Table 1.
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Table 1- Physicochemical property of GM and BC

Characteristics GM BC

pH, (1:10 w/v) 9.22 12.2
EC, mS cm™ (1:10 w/v) 16.3 26.0
Organic matter, % 65.9 41.3
Ash, % 34.1 58.7
C, g kg! (elemental analyzer) 273 281

N, g kg! (Kjeldahl) 26.8 17.8
P, g kg! (wet digestion) 8.46 15.9
K, g kg! (wet digestion) 34.5 69.4
Ca, g kg! (wet digestion) 41.7 64.7
Mg, g kg (wet digestion) 9.25 12.6
S, g kg'! (elemental analyzer) 6.60 7.85
Fe, g kg' (wet digestion) 5103 7860
Zn, g kg! (wet digestion) 220 410

Cu, g kg (wet digestion) 50.0 92.0
Mn,g kg! (wet digestion) 341 609

GM: goat manure, BC: biochar
2.1.2. Site of study

This study was conducted at the Research Farm of Ankara University. The soil of the site of the experiment consists of clay loam and
contains about 4.4 g kg organic matter (wet digestion), 0.83 g kg™ total N (Kjeldahl), 5.90 mg kg™ available P (NaHCO, extraction),
743 mg kg' K, 5653 mg kg Ca, 2387 mg kg Mg (NH,OAc extraction). Moreover, the soil of the site of the experiment had a pH
value of 8.22, contained lime at 153.2 g kg and its EC was 358 pS cm’'. The available Fe, Zn, Cu, and Mn (DTPA extraction) were
3.22,0.55,1.43, and 11.6 mg kg'!, respectively. Furthermore, the average temperatures were 18.8 °C maximum and 11.8 °C minimum
whilst the average of rainfalls recorded in September was 26.8 mm and 19.5 in October.

2.1.3. Experimental design

This study was conducted in September and October 2017 at the Ayas Horticultural Research and Application Station of Ankara
University. A completely random experiment design consisting of 2 factors (organic and inorganic fertilizers) was used. GM and BC
were applied separately and together at 5 Mg ha' and 10 Mg ha'', respectively, 2 days before planting the lettuce. In addition, inorganic
fertilizers 100% [nitrogen, phosphorus, and potassium (NPK)] composed of 100 kg N ha', 100 kg P,O, ha'and 100 kg K O ha"' was
applied at the same date with inorganic fertilizer. Other NPK doses 50% NPK and 0% NPK (control) were used. Accordingly, soil and
fertilizers were mixed with grabber and 30-day-old lettuce (Lactuca sativa L. var. Crispa) seedlings were planted spaced 30x30 cm
between the rows and each plot was distant 1.5x1.5 m width and separated by a 0.5 m buffer. Then, the experiment area was watered
with a drip irrigation system.

2.2. Methods
2.2.1. Measurements

Sixty days after planting, the plants were harvested, the total yield, the weight and diameter of the head, the weight of fresh and dry
leaves and the total concentrations of the nutrient (N, P, K, Ca, Mg, Fe, Zn, Cu, Mn) were determined. A total of 10 mature plants
randomly chosen from experiment plot, the weight of the plant, (g plant') was determined by weighing on the balance. In addition,
the head diameter was determined by selecting randomly 10 plants from each experiment plots as suggested by Sarmento et al. (2019).
Accordingly, this head diameter was the average value obtained by measuring with a ruler by turning the heads upside down. Three
leaves of lettuce were pulled off and 4™ and 5" healthy leaves to determine the leafs fresh and dry weight. For this, the leaf samples were
dried at 65 °C until to have a constant weight whilst the concentration of the leaves N and P were determined according to Kjeldahl

151



Mounirou et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2023, 29 (1): 149-160

procedure and spectrophotometrically, respectively and other parameters determined by AAS (Analytik Jena Vario 6) in a solution
prepared form wet digested (4:1-HNO,:HCIO,) plant subsamples (Isaac and Kerber 1971).

2.2.2. Statistical analysis

MINITAB 17 was used for data analysis, and the ANOVA test and Duncan test (at a=5%) were used to compare the study variables.
3. Results

3.1. Effects of NPK and organics manures applications on head weight and diameter of the lettuce

The combination between organic manures and NPK effects significantly the head weight and diameter of the plants of lettuce (p<<0.01).
The highest head weight was observed with the combination of 100% NPK + GM + BC (Table 2). Compared to 50% NPK + organic
manure, 100% NPK didn’t affect the head weight, but there were some similarities between head weight and diameter of lettuce. All
the combinations increased head diameter as well as 100% NPK, and 50% NPK + organic manure combination.

Table 2- Effects of NPK and organic manure applications on head weight and diameter of the lettuce

Head weight (g plant™)

Applications 100% NPK 50% NPK 0% NPK
Control 96.8+1.64" 73.5+0.44¢ 32.7+4.05°
BC 114.3£1.49° 96.2+7.21% 78.2+£3.954
GM 103.4+£11.2% 109.7+11.1° 86.24+4.65%
BC + GM 133.6+2.33? 109.54+3.83° 74.0+£5.574
NPK 57.85™
F value oM 24.45™
NPK x OM 3.76™
Head diameter (cm)
Applications 100% NPK 50% NPK 0% NPK
Control 17.940.43bede 16.2+0.18° 12.3+1.14f
BC 19.7+0.35%¢ 18.50.59b¢ 17.8+0.49<
GM 18.8+0.45%¢ 19.24+0.87%cd 18.0+0.090c
BC + GM 20.9+0.25* 19.8+0.61% 17.5+0.67%
NPK 26.65""
F value oM 27.19™
NPK x OM 3.51™

GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures

Values are the average of 4 replicates

**p<0.01, ***p<0.001

The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at a=5%)

3.2. Effect of NPK and organics manures applications on wet weight and dry weight of lettuce

Table 3 showed the effect of NPK and organic manure applications on wet weight and dry weight of lettuce. Accordingly, the application
of both NPK, organic manure applications, and NPK x organic manures increased significantly the leaf fresh and dry weights and the
interaction was significant at 5% (p<0.05).
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Table 3- Effect of NPK and organic manure applications on wet weight and dry weight of lettuce

Wet weight (g leaf")

Applications 100% NPK 50% NPK 0% NPK

Control 7.9540.15¢%¢ 6.35+0.15f 3.25+0.39¢

BC 9.50+0.24%® 8.10+0.31 6.75+0.39¢

GM 8.90+0.82" 9.1540.79¢ 7.20£0.18%f

BC + GM 10.30+0.37* 9.05+0.33%° 6.55+0.34f
NPK 59.53™

F value OM 27.14™
NPK x OM 2.68"

Dry weight (g leaf")

Applications 100% NPK 50% NPK 0% NPK

Control 0.43+0.010¢ 0.36+0.01°¢ 0.21+0.02f

BC 0.49+0.01%® 0.44+0.01% 0.37+0.01%

GM 0.48+0.04% 0.49+0.03% 0.414+0.01¢%

BC+GM 0.54+0.02* 0.48+0.01% 0.37+0.02¢
NPK 59.66™

F value OM 29.47
NPK x OM 327

GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures

Values are the average of 4 replicates

*p<0.05, *"p<0.001

The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at 0=5%)

3.3. Effect of NPK and organics manures applications on the total yield of lettuce

The application of organic manures and NPK dosages affected significantly the total yield (p<0.01). The application of the organic
manures and inorganic fertilizers affected the yield and the highest yield was obtained with the combination of 100% NPK + GM + BC
(Figure 1). Furthermore, compared to the combination of 50% NPK + organic manure, the combination of 100% NPK did not affect

the total yield.
16 a
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m Control mBiochar (BC) = Goat manure (GM) BC+GM

Figure 1- Effect of NPK and organics manures applications on total lettuce yield
Column showed mean of three repeats and bars showed standard error (p<0.05)
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3.4. Effect of NPK and organics manures applications on total NPK of lettuce

Table 4 showed that the applications of inorganic and organic fertilizer on the total N content of the plant lettuce were statistically
significant. With regards to the control treatment, the application of inorganic and organic fertilizers increased significantly the plant
total N content. Likewise, the application of organic fertilizers increased the total N content compared to the control, the applications
of 100% and 50% inorganic fertilizer did not show the effect on the plant total N.

On the other hand, the applications of inorganic and organic fertilizer affected significantly the total P content. Compared to the control
treatment, the application of both inorganic, and organic fertilizers increased the total P content of the plant of lettuce. Besides, the
application of organic fertilizers has increased significantly the lettuce content in P whilst the applications of inorganic and organic
fertilizer and their interactions have affected significantly on the total K content in the trial area. Compared to the control, the total K
content of lettuce plants increased significantly in all the treatments. For the combinations; 100% and 50% inorganic fertilizer, the total
K content was statistically the same due to the applications of organic fertilizer Compared to the control, the total K content of lettuce
plants receiving the organic fertilizers increased significantly.

Table 4- Effect of NPK and organics manures applications on total NPK of lettuce

Total N (g kg™')

Applications 100% NPK 50% NPK 0% NPK
Control 36.0+£0.54%¢ 34.9£1.00%¢ 29.6+0.93¢
BC 35.6+0.41% 35.54+0.43%¢ 34.0+0.94¢
GM 36.9+0.50° 36.4+0.74% 34.6+0.43%
BC + GM 36.1+0.55%¢ 36.4+0.71® 35.1+0.47%¢
NPK 20.52"
F value OM 8.59™
NPK x OM 3.64"
Total P (g kg')
Applications 100% NPK 50% NPK 0% NPK
Control 3.50+0.32° 2.81+0.16° 2.03+0.06¢
BC 4.89+0.16° 4.82+0.18 4.434+0.23¢%
GM 4.40+0.16* 3.824+0.12° 3.27+0.12%
BC + GM 5.02+0.07° 4.75+0.332 4.84+0.15*
NPK 18.22"
F value OM 77.55™
NPK x OM 2.64*
Total K (g kg™')
Applications 100% NPK 50% NPK 0% NPK
Control 87.8+1.45 85.5+1.93%® 66.7+1.80°
BC 86.8+0.77 88.3+£1.922 84.5+1.37®
GM 83.3+0.94% 88.2+4.342 83.6+3.13
BC + GM 86.2+2.11% 89.2+3.922 79.5+2.46°
NPK 16.48™
F value OM 4.16"
NPK x OM 421*

GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures

Values are the average of 4 replicates

"p<0.05, “p<0.01, "*p<0.001

The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at a=5%)
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3.5. Effect of NPK and organics manures applications on total Ca and Mg of lettuce

The interaction effect between inorganic and organic fertilizer applications on lettuce total Ca content in the trial area was statistically
significant. In all applications, the lettuce plant total Ca content increased significantly compared to the control. Application of 50%
inorganic fertilizer only in plants treated with BC increased plant Ca content compared to 100% inorganic fertilization. In plants that
do not apply inorganic fertilizers, all organic fertilizers applied significantly increased the total Ca content compared to control (Table
5). It showed that the effect of inorganic and organic fertilizer interaction on the total Mg content of the lettuce plant was statistically
significant. In 100% to 50% inorganic fertilizer applications, organic fertilizer applications significantly reduced total Mg compared
to their Controls. In plants without inorganic fertilizer application, total Mg content increased significantly with the application of BC
and goat fertilizer.

Table 5- Effect of NPK and organic manure applications on total Ca and Mg of lettuce

Total Ca (g kg™)

Applications 100% NPK 50% NPK 0% NPK
Control 32.4+1.78% 34.74+0.08%¢ 24.9+2.20¢
BC 29.9+0.53¢ 38.6+1.86% 33.44+1.83%
GM 32.342.10% 35.3+1.46® 36.4+£0.61*
BC + GM 31.6+1.83% 35.14+0.65%¢ 31.34£2.11%
NPK 10.2™
F value oM 3.70°
NPK x OM 3,74
Total Mg (g kg)
Applications 100% NPK 50% NPK 0% NPK
Control 8.524+0.22° 9.47+0.09 6.33£0.20°
BC 7.18+0.13 7.50+0.33¢ 6.56+0.15°
GM 5.51+0.13" 6.17+0.141% 6.74+0.07%
BC + GM 5.73+0.08% 6.12+0.06" 8.64+0.14°
NPK 12.9™
F value oM 777
NPK x OM 68.5™*

GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures

Values are the average of 4 replicates

"p<0.05,"p<0.01, *"p<0.001

The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at 0=5%)

3.6. Effect of NPK and organic manure applications on total Fe and Zn of lettuce

The effect of inorganic fertilizer and organic fertilizer applications on the total iron content of the lettuce plant in the trial area was
statistically significant, but the effect of the interaction was insignificant. Total iron increased significantly with 50% inorganic fertilizer
application. With regards to the application of organic fertilizer, there was not any statistically significant difference between the
different treatments. However, the content in Fe was low in the plant receiving the goat fertilizer compared to plants with BC (Table
6). It showed that the effect of inorganic and organic fertilizer applications interaction on the total zinc content of the lettuce plant was
significant. Through, the application of 50% inorganic fertilizer, only the BC plant increased the Zn content.

3.7 Effect of NPK and organic manure applications on total Cu and Mn of lettuce

The interaction of inorganic fertilizer applications to the total Cu content of the lettuce plant in the trial area was insignificant, but the
effect of organic fertilizer applications was statistically significant. With the application of BC alone, the total Cu content of the lettuce
plant decreased compared to the control (Table 7). Additionally, Table 7 showed that the application of only inorganic fertilizer on
the total Mn content of the lettuce plant in the trial area was statistically significant and all inorganic fertilizer applications performed
increased compared to the control.

155



Mounirou et al.- Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2023, 29 (1): 149-160

Table 6- Effect of NPK and organic manure applications on total Fe and Zn of lettuce

Total Fe (mg kg')
Applications 100% NPK 50% NPK 0% NPK Mean
Control 122.6£10.5 126.6£3.52 138.6+18.7 129.3+6.85%
BC 134.1£15.1 153.1+4.12 127.4£9.55 138.2+6.44*
GM 101.4+3.84 125.6x15.0 107.6+5.12 111.5+5.81°
BC + GM 118.6+£12.2 141.4+7.88 107.4+8.83 122.4+6.67%
Mean 119.2+5.85° 136.7+4.94* 120.2+6.26°
NPK 3.39"
F value oM 3.39"
NPK x OM 0.94N8
Total Zn (mg kg™)
Applications 100% NPK 50% NPK 0% NPK
Control 16.8540.57 16.33£0.70%¢ 19.65+0.35%
BC 14.18+0.244 20.35+1.23% 17.48+0.75b
GM 16.60+0.56°¢ 15.08+1.15¢ 24.37+£3.24°
BC + GM 16.1540.59« 15.43+0.25¢ 16.78+0.12b<d
NPK 10.99"
F value oM 2.54N8
NPK x OM 6.04™"
GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures
Values are the average of 4 replicates
NSNon-significant, "p<0.05, **p<0.001
The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at a=5%)
Table 7- Effect of NPK and organic manure applications on total Cu and Mn of lettuce
Total Cu (mg kg')
Applications 100% NPK 50% NPK 0% NPK Mean
Control 18.15+0.67 17.93+0.66 18.33+0.80 18.14+0.382
BC 17.23+0.25 17.83+0.76 15.50+0.65 16.85+0.43%
GM 20.20+0.40 18.08+0.73 18.90+0.53 19.06+0.40*
BC + GM 19.88+0.41 18.65+0.75 19.00+1.02 19.18+0.432
NPK
F value OM 7.81™
NPK x OM 1.55M 2.18N8
Total Mn (mg kg')
Applications 100% NPK 50% NPK 0% NPK
Control 53.83+0.97 54.35+0.57 48.15+2.81
BC 54.10+1.62 53.35+1.41 51.18+1.84
GM 56.40+1.65 57.15+1.41 53.78+2.20
BC + GM 56.88+2.78 57.75+0.66 51.13£2.93
Mean 55.30+1.22° 55.65+0.68* 51.06+£0.91°
NPK
F value OM 2.64%
NPK x OM 0.37N8 7.23"

GM: goat manure, BC: biochar, NPK: inorganic fertilizer, OM: organic manures
Values are the average of 4 replicates
NSNon-significant, “p<0.01, **p<0.001

The difference between the means indicated with the same letter in the same column is not significant ANOVA test and Duncan test (at a=5%)
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4. Discussion

The application of organic manure applications increases the efficient use of inorganic fertilizer. In addition, the application of organic
amendments has improved the nutrient supplements, the capacity of soil water retention, bulk density and CEC. These results are
consistent with Yadav et al. (2019) who indicated that the application of BC with inorganic fertilizers increased the biomass, whilst the
application of farmyard manure combined with inorganic fertilizers reduced this biomass.

The application of alkaline BC and GM in calcareous soil increased significantly the lettuce total yield Similarly Gunes et al. (2014),
Inal et al. (2015), Sahin et al. (2017) and Najafi-Ghiri et al. (2019) indicated that the application of BC increased barley yield. Besides,
Kammann et al. (2011) found that the application of the BC on sandy soil at 0, 100 and 200 t ha! increase the plant development and
the leaves content in N content under greenhouse conditions.

Table 4 showed that the applications of inorganic and organic fertilizer lettuce increase significantly the total N and P content of the
plant and the applications of inorganic and organic fertilizer and their interactions have affected significantly on the total K content.
Previously, Spokas et al. (2012) mentioned that BC acts as an N-trap in the soil so that it increased the rate of nitrogen utilization of
plants. Clearly, Jones et al (2012) emphasized that the application of BC increased significantly the N content of the meadow and
Deluca et al. (2009) explained that the conversion of organic matter to BC presents high soluble P content that increased significantly
the plant phosphorus concentration. Furthermore, Wang et al. (2018) note that the application of bamboo BC prepared at 450 °C at 0.5,
10, and 25 g kg increases the plant concentration in potassium.

Gunes et al (2014 and 2015) state that the application of BC and phosphorus improves the concentrations of N, P, K in the plant of
lettuce plant and the application of chicken manure BC obtained under different temperatures increases P and K concentrations and
total yield of lettuce and corn.

Compared to the control, the application of the organic fertilizers increases the total Ca content with the 100% to 50% inorganic
fertilizer applications reduce significantly reduced total Mg in the plant. Major et al. (2010) found that the application of BC (0.8 and
20 tons ha') increases the calcium intake of the plant and Lehmann et al. (2006) mentioned that the use of BC in tropical areas increases
the P, K Ca uptake by the plants.

On the other hand, Rees et al. (2014) and Zhou et al. (2017), and Gunes et al. (2014) indicated that the intake of microelements
decreased with the application of BC in the soils slightly alkaline and Mielki et al. (2016) stated that the application of the BC increases
soil pH by decreasing the beneficial Fe concentration which decreases the iron concentration in the plant. Gunes et al. (2015) found
that application BC caused a decrease in iron concentration in lettuce plants and Salmani et al. (2014) noted that the application of
BC reduces the copper uptake of the plant because it adsorbs the amount of useful copper in the soil. Karami et al. (2011) found the
application of BC reduces the copper concentration on the plant of meadow grass. Likewise, Park et al. (2011) reported that application
of BC on the plant cabbage reduces copper intake and Gunes et al. (2015) mentioned that the development of chicken manure BC
obtained at different temperatures on the plant of lettuce plant increases the concentration of the plant in Zn with the BC obtained at
300 °C and 350 °C. Previously, Mandal et al. (1988) stated that the application of BC increases soil organic matter.

Lentz and Ippolito (2012) highlight that the application of organic fertilizer at 42.4 ha' and BC obtained from hardwood pyrolysis at
22.4 t ha! increased the content of the soil in Mn 1.5 times, while the application of organic fertilizer increases 1.2-1.7 times other
plant nutrients except Fe. Peng et al. (2011) and Dong et al. (2011) noted that the application of BC decreases the usefulness of some
microelements by increasing soil pH according to the material used to produce this BC and Chirenje and Ma (2002) indicate that the
increase in soil pH after BC application is thought to be related to the ash content and pH of the BC.

5. Conclusions

This study investigates the effects of separate and joint application of GM and BC on the growth, mineral concentrations and efficient
use of inorganic fertilizer on the lettuce. The findings showed that the application of whether GM or BC alone improved significantly
the parameters of the growth of the plants and the content of the nutrient of the plants in N, P, K and Ca. Though the application of
inorganic fertilizers reduced significantly the content of plants in Mg, Fe, Zn, Cu, and Mn according to the applied doses of and partially
decreased with the applications of BC. This study revealed that a joint application of 100% of inorganic fertilizer, BC and GM had the
highest yield. Also, a joint application of 50% inorganic fertilizer combined whether with BC or the GM affected similarly the plant
yield than 100% of inorganic fertilizer, BC and GM. Additionally, these doses affected the growth of the plants and the nutrients content
of leaves. An application of BC or GM combined with a low dose of inorganic fertilizers, especially in the soil with low organic matter
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improves the physical, chemical, and biological of the soil. Therefore, it increases the productivity of the plants as well the content in
nutrient of the plants.
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