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ABSTRACT 

A pot experiment was conducted in a wired greenhouse under local 

weather conditions at the Faculty of Technology & Development 

greenhouses, Zagazig University, Zagazig, Egypt. Maize plants were 

used as an indicator for the examination of produced bagasse biochar 

effects on soil properties and maize plants growth in sandy soil. Bagasse 

biochar was mixed with soil in rates of 0, 1, 2.5, 5, 10% and randomized 

complete–plot design with three replicates.  

Forty days after sowing, maize plants were estimated for 

chlorophyll content, root depth, plant height. Some soil properties such 

as particles density (PD), bulk density (BD), water–holding capacity 

(WHC), soil porosity, organic matter (OM), electrical conductivity (EC) 

and pH were determined. Maize plants were dried, milled and analyzed 

for N, P, K and Si. The obtained results indicated to that application of 

bagasse biochar significantly improved soil physio–chemical properties 

such as PD, BD, porosity, WHC, OM and maize N, P, K and Si contents. 

Also, biochar led to improving maize plants growth, chlorophyll content, 

roots depth and maize height.  

Conclusively, it can be concluded that the use of bagasse biochar 

in amending sandy soil caused a significant increase in maize plants 

growth and available nutrients uptake. 

              Keywords: Biochar; Maize plants; Germination; Soil properties; Sandy soil. 

 
 

INTRODUCTION 

Biochar is a carbonaceous, solid, and recalcitrant compound derived from 

the pyrolysis of waste biomass. Its yield and properties are strongly influenced 

by pyrolysis conditions and feedstock composition (Pandey et al., 2020). It is a 

carbon-rich product that is obtained by the burning of biomass, produced during 

slow thermal decomposition of biomass at temperatures from 300– 1000 °C 

under zero or low oxygen conditions (Joseph and Lehmann, 2009; Sohi et al., 
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2010; Pandey et al., 2020). Also, owing to its low–cost, presence of surface 

functional groups, porosity, and moderate surface area, biochar is considered as 

a support material for improving soil properties and immobilizing the enzymes 

where a part of the biomass is transformed into gaseous, liquid, solid 

compounds. The biochar remains as a concrete mass of stable carbon (Teβin, 

2016; Pandey et al., 2020). Farias et al. (2018) and Sarfraz et al. (2019) found 

that the application of biochar as a soil conditioner can have environmental and 

farming benefits. Additionally, it will be greatly important to define guidelines 

to produce biochar from several feedstocks and pyrolysis methods, and also to 

have an agreeable standardized classification system to indicate product 

composition and characteristics (Novotny et al., 2015; Sarfraz et al., 2019). 

Several studies have reviewed the influence of pyrolysis temperature on the 

chemical and physical characteristics of residue sludge biochar. Also, the 

correlation was difficult between pyrolysis temperature and the agro-

environmental properties of biochar (Joseph and Lehmann, 2009; Sohi et al., 

2010; Pandey et al., 2020). 

Biochar is a substance that production by pyrolysis of feedstock under 

oxygen-limited conditions at temperatures between 350 and 600 °C (Sohi et al., 

2010). Biochar is a useful material for the soil where leads to improvements of 

soil physical and chemical properties such as water holding capacity, surface 

area, improve soil texture, bulk density, soil porosity and chemical properties 

such as cation and anion exchange capacity and adsorption of nutrients for soil 

solution in sandy soil (Glaser et al., 2002; Aslam et al., 2014; Pandey et al., 

2020).  Other studies confirmed that the biochar led to improving physical and 

chemical characteristics of several textural soils. Biochar is considered an active 

and positive substance for most of the soil’s strategies of soil improvement in 

the long term. Biochar could amend soil physical characteristics including 

porosity and water holding capacity, as well as soil bulk density (Aslam et al., 

2014; Lu et al., 2014; Nelissen et al., 2015; Huang et al., 2019), and enhance 

soil chemical properties (Glaser et al., 2002; Lehmann et al., 2011). 

Therefore, this study aimed to: (i) to produce biochar from bagasse using 

a simple and cost-effective method for use in agricultural purposes. (ii) to 

evaluate characteristics for the produced biochar. (iii) to elucidate the role of 

biochar in amend mending and improving some physical and chemical 

properties of sandy soil. 
 

MATERIALS AND METHODS 
 

1. Biochar production: 

Biochar was produced from bagasse at 500°C in an oxygen-free kiln 

(Kiln technology). Bagasse was washed with tap water several times, air-dried 
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and cut into small parts, packed in an internal container, fuel was ignited in an 

external container at overnight, then biochar was collected, milled, sieved and 

added to sandy soil.  
 

2. Experiment setup: 
A pot experiment was conducted in a wired greenhouse under local 

weather conditions at the Faculty of Technology & Development greenhouse 

farm, Zagazig University (latitude 30°35'23.7"N, longitude 31°28'53.2"E 

(Geohack, 2020)), Zagazig City, Sharquia Governorate, Egypt.  Soil samples 

were transported into the greenhouses farm, air-dried, ground and passed 

through a 2–mm sieve. Soil samples were mixed by the biochar, then packed 

into pots (25cm in diameter and 30cm in height). The application rates of 

biochar 0, 1, 2.5, 5, 10 % (w/w) were uniformly mixed with a 6 kg soil pot
–1

 

and the recommended doses of N, P, and K were added to all pots. Seeds of 

maize (Zeya mays L. CV. 166) were obtained from the Maize Research 

Department, Crops Research Institute, Agriculture Research Centre, Giza, 

Egypt. The experimental design was laid to in randomized complete –block 

design with three replicates. Before sowing, pots were wet to about 150% of 

field capacity by tap water. Subsequently, soil moisture was kept at 70–80% of 

field capacity until sowing. Three grains were sown in each pot on 10
th
 May 

2019. Fifteen days after sowing, seedlings were thinned to one plant per pot. 

Pots were regularly irrigated with tap water and kept at 70% of soil water–

holding capacity. Forty days after sowing, plants were collected from each plot 

to estimate the depth of roots, shoot height, chlorophyll and biomass per pot
–1

,
 

as well as N, P, K and Si contents in shoots and roots
,
 were also determined. 

 

3. Experimental design and treatments: 

 A pot experiment was carried out with five rates 0.0, 1.0, 2.5, 5.0 and 

10.0% (w/w) of the produced biochar were applied as in sandy soil. The 

experimental design was randomized complete plot design with three 

replicates. The initial basic properties of the studied soil and some 

characteristics of biochar are presented in Tables 1 and 2.  
 

4. Analytical procedures: 

        Particle size distribution, water–holding capacity, particle density, bulk 

density, soil porosity, EC, pH, CEC, CaCO3, OM, and extractable N, P, K and 

Si for both soil and biochar were analyzed according to ( Estefan et al., 2013). 

Maize plant samples were oven-dried at 70˚C to a constant weight. The oven-

dried samples were ground and wet–digested in using a mixture of H2SO4 and 

H2O2 at 420 ˚C for chemical analyses according to (Parkinson and Allen, 

1975). 
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Table (1): Some physio-chemical characteristics of used biochar 

 

Table (2): Some physio–chemical properties of the investigated soil. 

Properties  Result 

Particle size distribution (g hg 
–1

) * 

Sand  86.12 

Silt 4.23 

Clay 9.65 

Textural class Sandy 

Bulk density (g cm 
–3

) 1.74 

PD (g cm 
–3

) 2.65 

EC (in soil paste extract, dS m 
–1

) 1.34 

pH (in 1 soil:2.5 water suspension) 7.33 

CaCO3 (g Kg 
–1

) 17.22 

CEC (cmolc kg 
–1

) 10.12 

Organic Matter (g kg 
–1

) 5.53 

KCl–N  (mg kg 
–1

) 12.12 

Olsen’s–P    (mg kg 
–1

) 15.23 

NH4OAc–K (mg kg 
–1

) 44.65 

CaCl2–Si      (mg kg 
–1

) 15.27 

     * one hectogram (hg)=100g 

 

The spectra of biochar functional groups from Fourier Transform 

Infrared Spectra (FTIR) has been obtained in the wavenumber region of 4,000–

400 cm
–1

 using FTIR spectrometer (Spectrum 100, Perkin Elmer, USA). The 

scanning electron microscopy coupled with energy dispersive X–ray analysis 

(SEM–EDAX) (JEOL JSM–6390LV, Japan) was used to determine the 

chemical composition of biochar. The specific surface area of biochar was 

analyzed using the BET surface area analyzer (Autosorb AS–1MP, Quanta 

  Properties Result 

EC (1:10 extract, dS m
–1

) 1.82 

pH (1:10 suspension)  8.01 

Surface area (m
2
 g 

–1
) 123.12 

CEC (cmole(+) kg 
–1

) 66.07 

Ash contents (g kg 
–1

) 62.63 

N   (g kg 
–1

) 8.71 

P    (g kg 
–1

) 1.78 

K    (g kg 
–1

) 6.79 

Ca  (g kg 
–1

) 7.02 

Mg (g kg 
–1

) 4.01 
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chrome, USA). The physical sorption analysis was done with N2 adsorption-

desorption measurements at liquid N2 temperature (–196 °C).  Chlorophyll 

content of leaves was determined by chlorophyll meter (model SPAD–502, 

Minolta Corp, Ramsey, N.J.). 
 

5. Statistical analysis: 

All data were statistically analyzed according to the variance of analysis 

technique for the simple design using the MSTATC software package. The 

significant differences between the mean values of treatments were achieved by 

the LSD method. 
 

 

RESULTS & DISCUSSION 

 

1. Characterization of bagasse biochar: 

 Scanning electron microscope (SEM) images and EDS peaks of biochar 

are shown in Figs. (1a–1c). Figure (1a, 1b) describe biochar under the camera 

of the scanning electron microscope. Figure (1c) indicates to the chemical 

composition of biochar by a unit of EDS analysis where biochar EDS noticed 

that biochar has contained C, O, Si, Na, Ca, K and Mg of about 71.68, 23.87, 

1.53, 1.15, 0.78, 0.61 and 0.38 g hg
-1

 wt., respectively. These results notice that 

biochar maybe contribute increase the fertility status of investigated sandy soils.  

Additionally, FTIR spectra (Fig. 2a) analysis for biochar indicates that it 

contains a large number of functional groups such as hydroxyl (OH), ketone 

(C=O), carboxyl (COOH), carbonyl and silicon groups, siloxane (Si–O–Si) and 

silanol (Si–O, Si–H). The intensity of broadband at the range of 3670–2750 

cm
–1

 (maximum peak at 3400 cm
–1

) in the produced biochar from bagasse. This 

peak represents the stretching vibration of OH groups. Also, the groups of 

carboxyl, carbonyl, and ketone appeared between 3000 to 1500 cm
–1

. Also, the 

silicon groups that appeared between 1200 to 300 cm
–1

. These results indicate 

to the presence of a large number of active groups in the produced biochar at a 

temperature of below 500°C and these results are consistent with (Zolfi 

Bavariani et al., 2019). The specific surface area (SSA) of the biochar was 

measured using a multiple–point BET surface area analyzer. The data of 

SSA measurement are shown in Fig. (2b). The SSA and BET of the 

produced biochar were 123.74, m
2
 g

–1
. This result indicates that biochar has 

a high specific surface area that could lead to higher hold water capacity 

and building up nutrients status in investigated sandy soil. 
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2.  Effects of biochar application on some physio–chemical properties: 

Generally, biochar addition improved soil physio–chemical properties. 

Biochar addition was led to a clear significant decrease in soil densities with 

increasing the biochar application rates (Table 3). The decreases values of soil 

PD and BD were 7.55, 16.60, 23.77, 29.06% and 12.07, 21.84, 33.91, 39.66% for 

the 1.0, 2,5, 10.0%, respectively. Additionally, the soil porosity was increased 

compared to check treatment. Soil–WHC was significantly increased from 33 g 

hg
-1

 to 58 g hg
-1

 for 0.0 and 10.0% biochar treatments.  

The increasing of WHC value was about 75% for the 10.0% biochar 

treatment. Also, Soil–OM was increased up to 10.1 g hg
-1

 with the high biochar 

treatment. Similar results were presented by (Duarte et al., 2019), (Kanouo et al., 

2019), (Zhou et al., 2019) and (Liu et al., 2020). They indicated that the 

improvements in some physical and chemical soil properties when biochar was 

used in agriculture. Zhou et al. (2019) noted that biochar has the potential to 

modify soil structure and soil hydraulic properties because of its small particle 

density, highly porous structure, grain size distribution and surface chemistry. 

Biochar as a soil amendment has received much attention because of its capacity 

to modify and adapt many soil physical, chemical and biological properties 

(Blanco–Canqui, 2017). Since biochar has a bulk density much lower than that of 

mineral soils and, therefore, application of biochar may increase the volume of 

unit weight of soil and thereby reduces the bulk density of the soil. The most 

interesting result is that even small, and not statistically significant, modifications 

in soil bulk density may lead to appreciable variations of the soil water retention 

(Castellini et al., 2015; Pandian et al., 2016; Liu et al., 2020; Martos et al., 2020). 

Besides, the decrease in bulk density of biochar–amended soil could be one of 

the indicators of enhancement of soil structure or aggregation and aeration and 

could be soil specific (Atkinson et al., 2010; Pandian et al., 2016). The 

experimental results revealed that biochar application positively influenced the 

physical properties of the soil, which in turn improve crop growth and yield by 

increasing crop water availability in the semi-arid environments (Liu et al., 2020; 

Martos et al., 2020). Also, EC values (soil paste extract) and pH values (soil 

paste) were not significantly affected. Biochar may cause an increase in soil pH 

depending on many factors, including the type of residue from which the biochar 

is made. These results are consistent with Martos et al. (2020) that indicated to 

the biochar can adjust the soil pH and increase the nutrient's availability in the 

soil solution and preserve these nutrients for plant uptake. The decrease or 

increase of the soil–pH values depends on the source of the used materials of the 

biochar. This can be attributed to the nature and source of biochar (Atkinson et 

al., 2010; Liu et al., 2020; Martos et al., 2020). The biochar has some positive 

properties such as the increase in porosity, increase in the specific surface area,  
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Table (3): Some physio-chemical of the sandy soil after sowing. 

Biochar 

rates (%) 

PD 

(g cm
-3
) 

BD 

(g cm
-3
) 

Porosity 

(g hg
-1
) 

WHC  

(g hg
-1
) 

OM  

(g hg
-1
) 

pH 
EC  

(dS m
-1)

 

0.0 2.65
a
 1.74

a
 34.34

e
 33.12

e
 0.81

d
 7.33 1.34 

1.0 2.45
b
 1.53

b
 37.55

d
 37.33

d
 1.11

d
 7.35 1.41 

2.5 2.21
c
 1.36

c
 38.46

c
 43.21

c
 2.70

c
 7.32 1.43 

5.0 2.01
d
 1.15

d
 43.07

b
 53.31

b
 5.09

b
 7.43 1.42 

10.0 1.88
e
 1.05

e
 44.15

a
 58.14

a
 10.01

a
 7.43 1.43 

LSD 0.05 0.008 0.004 0.742 3.501 0.382 NS NS 

NS: Not significant.  
 

increase the WHC, increase the functional group's number, increase the CEC 

and available contents elements in the soil. 
 

3.  Influences of biochar application on maize growth and some nutrients in 

maize roots and shoots: 

 Data presented in Table 4 indicate that the growth parameters of maize 

as influenced by biochar application. Total–chlorophyll contents in maize 

leaves were significantly increased with increasing in biochar application rates. 

Chlorophyll values were increased by 17.84, 36.26, 40.98, 44.26 g hg-1 for 1, 

2.5, 5 and 10% biochar, respectively. Also, biomass content of maize plants 

increased in all application rates compared to the check treatment with 

increments of the values were 69.55, 142.95, 186.22, 258.97 g hg-1 for 1, 2.5, 5 

and 10% biochar, respectively. Maize roots and shoots were significantly 

improved with increasing biochar application rates as shown in Fig. (3).  

 Generally, the nutrients contents in maize increased as shown in Table 

(5) and Fig. (4). N, P, K and Si contents were significantly increased in both 

roots and shoots. For roots, the maximum values of 1.43, 0.08, 1.34 g hg-1 with 

increases of 267, 60 and 20.7% for N, P and K were realized by using 10% 

biochar rate, respectively while the best Si value 1.77% with increments of 

293% was achieved at biochar level of 5% as compared to check treatment. 

The same treatment was found with respect to the above-mentioned nutrients 

content for maize shoots where the better values of 1.61, 0.08, 1.31 and 4.98 g 

hg-1 with increments of 224, 35.3, 12.9 and 1.88% were obtained, respectively 

when biochar rate of 10% was applied. It can say that the positive effect of 

produced bagasse biochar on soil physio-chemical properties can be thoroughly 

the following: (1) decreasing soil bulk density and increasing WHC because 

biochar has low density (less than 0.9 g cm-3), (2) biochar has many functional 

groups, therefore, it has high CEC, the ability for saving nutrients from 

leaching, high specific surface area, acts as a store for elements, especially 
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Fig. (3): Influence of biochar application rates on some growth 

parameters of maize plants grown in sandy soil. 

Table 4: Effect of biochar on some growth parameters of maize grown in sandy soil.  

Biochar 

rates (%) 

Chlorophyll  

content 

Biomass 

(g) 

Root depth 

(cm) 

Maize height 

(cm) 

0.0 15.25
c
 3.12

e
 6.33

c
 15.00

c
 

1.0 17.97
b
 5.29

d
 9.27

b
 17.23

b
 

2.5 20.78
a
 7.58

c
 13.37

a
 23.17

a
 

5.0 21.50
a
 8.93

b
 12.03

ab
 23.83

a
 

10.0 22.00
a
 11.20

a
 13.60

a
 24.00

a
 

 LSD 0.05  1.640  0.031  2.810  1.360 
 

 

 

 

 

Table (5): Effect of biochar on contents of some nutrients by maize plants grown in sandy soil. 

Biochar  

rates (%) 

Maize roots  Maize shoots 

N 

(g hg
-1
) 

P 

(g hg
-1
) 

K 

(g hg
-1
) 

Si 

(g hg
-1
) 

N 

(g hg
-1
) 

P 

(g hg
-1
) 

K 

(g hg
-1
) 

Si 

(g hg
-1
) 

0.0 0.39
e
 0.05

c
 1.11

b
 0.96

b
 0.38

e
 0.06

ab
 1.16

c
 1.73

d
 

1.0  0.88
d
 0.05

c
 1.12

ab
 1.00

b
 0.98

d
 0.06

ab
 1.16

c
 2.02

d
 

2.5 0.98
c
 0.06

b
 1.33

a
 3.75

a
 1.23

c
 0.06

ab
 1.16

c
 3.39

c
 

5.0 1.29
b
 0.06

b
 1.33

a
 3.77

a
 1.44

b
 0.08

a
 1.27

b
 3.95

b
 

10.0 1.43
a
 0.08

a
 1.34

a
 3.72

a
 1.61

a
 0.08

a
 1.31

a
 4.98

a
 

LSD 0.05 0.020 0.007 0.010 0.501 0.010 0.007 0.008 0.482 
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Fig. (4): Influence of biochar application rates on some nutrients uptake in maize 

plants grown in sandy soil. 
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needed to plants and contains it Si elements. These results are reported in 

several studies according to (Jeffery et al., 2011; Kammann & Graber, 2015; 

Abbas et al., 2018; Liu et al., 2020; Martos et al., 2020). 

Conclusively, biochar was made from bagasse using kiln technology. 

Biochar application to sandy soil improving soil physio–chemical properties 

such as PD, BD, porosity, WHC, OM, N, P, K and Si. Also, biochar led to 

improving maize plants growth, chlorophyll content, roots depth and maize 

height. It can be concluded that the use of biochar could cause a significant 

increase in maize plants growth and nutrient uptake in sandy soils with 

application rate up to 10% of bagasse biochar. 
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وْر  ٌَوِيّ للِّفَحْمْ  المُفٌدالدَّ رَةل الحَ رِ عَلىَ نَبَاتَاتٌ الذُّ كَّ ٌَة فًِ  تَفَل قَصَبِ السُّ امِ النَّ

ٌَّة مْلِ رْبَة الرَّ  التُّ
 

 

ٌْمَن د أَ مُحَمَّ
، شَوْقًِ مُتَوَل1ًِّ

1
 ًّ د المَْنْسِ ، مُحَمَّ

1
ان ًّ حَسَّ ، عَلِ

1
، أحَْمَدَ عَبْدُ الحَْافظِِ 

2
 

 كلٌة التكنولوجٌا والتنمٌة، جامعة الزقازٌق، مصر.  -1
 كلٌة الزراعة، جامعة الوادي الجدٌد، مصر. -2
 

 
 

بَ  ٌَت تَجْرِبَة أصُُصٌ فًِ صَوَّ ٌَّةٌ التكنولوجٌا وَا ةأجُْرِ ٌَة، جَامِعَةٌ الزقازٌق، كُلِّ نْمِ لتَّ

رَة صِنْف  ٌَّة، مِصْر باستخدام نَبَاتَاتٌ الذُّ لدِِرَاسَة  111مَدٌِنَة الزقازٌق، مُحَافَظَة الشَّرْقِ

رِ و مَعْرِفَة تَأثٌِْرُه عَلىَ بَعْضٍ خَصَ  كَّ وِيّ المُنتج مِن تَفَل قَصَبِ السُّ ٌَ ائصِ التُّرْبَة الْفَحْم الحَ

ٌَّة . تَمّ خَلطَ الْفَ  مْلِ رَة الْمَزْرُوعَة فًِ التُّرْبَة الرَّ ًٌّ نُمُوّ نَبَاتَاتٌ الذُّ ٌَّة والكٌمٌائٌة وَعَلِ بٌِعِ حْم الطَّ

وِيّ باِلتُّرْبَة بمعدلات  ٌَ ٌَّة٪ )10 ، 2، 2.2، ،1، 0الحَ ٌَّة/وَزْنِ ًٌّ وَزْنِ ( فًِ تَصْمٌِم عَشْوائِ

رَة مِن  ةستخدام ثَلََثكَامِل با رَاعَةِ، قدُر مُحْتَوًى الذُّ مكررات. بَعْدَ أرَْبَعٌِنَ ٌومًا مِنْ الزِّ

رَة. ثُمّ، رَة وقدُر فٌِهَا عُمْق جذُور وارتفاعات نَبَاتَاتٌ الذُّ  الكلوروفٌل وجُمعت نَبَاتَاتٌ الذُّ

ٌَّة، سَعَة بَعْض خَصَائصِ التُّرْبَة مِثْل كَثَافَةٌ التُّرْبَة الْ  قدُرت اهِرِ ٌَّة، كَثَافَةٌ التُّرْبَة الظَّ حَقٌِقِ

، وَدَرَجَة  ًّ ٌَّة، التوصٌل الكَهْرَبائِ ةٌ التُّرْبَة العُضْوِ ٌَّة التُّرْبَة، مَادَّ اِحْتفَِاظٌ التُّرْبَة للِْمَاء، مَسامِّ

رَة وطُحنت وَقَدَر  رَاعَةِ. جُففت نَبَاتَاتٌ الذُّ بهَِا النَّسَبُ المئوٌة الْحُمُوضَة بَعْدَ الزِّ

رَة وَمَجْمُوعُهَا الْخُضَرِيّ  للنٌتروجٌن، الفوسفور، البوتاسٌوم، السٌلٌكون فًِ جذُور الذُّ

هَا بشَكْلٍ عَامٍّ إلىَ أنَْ اسْتخِْدَامَ الْفَحْم  ٌْ ل عَلَ تَائجِ الْمُتَحَصِّ عَلىَ حداً سَوَاءٌ. وأشارت النَّ

وِيّ الْمُنْتجِ مِن تَفَل  ٌَ ى إلىَ تحسٌنات كَبٌِرَةٌ فًِ خَصَائصِ التُّرْبَة الحَ رِ أدََّ كَّ قَصَبِ السُّ

ٌَّة، سَعَة اِحْتفَِاظٌ  اهِرِ ٌَّة، الْكَثَافَة الظَّ فٌزٌائٌاً وكٌمٌائٌاً كـالتحسٌن فًِ كَثَافَةٌ التُّرْبَة الْحَقٌِقِ

ةٌ التُّ  ٌَّة التُّرْبَة، نَسَبَه مَادَّ ، التُّرْبَة للِْمَاء، مَسامِّ ًّ ٌَّة، وَدَرَجَة التوصٌل الكَهْرَبائِ رْبَة العُضْوِ

رَة وَمَجْمُوعُهَا الْخُضَرِيّ مِنْ  وَتَفَاعُل التُّرْبَة. باِلْْضَِافَةِ إلىَ ارْتفَِاعِ مُحْتَوِي جذُور الذُّ



 
 
 
 
 
278                                                      AYMAN et al. 

ى الْ  . كَمَا أدََّ فَحْم عَنَاصِرَ النٌتروجٌن، الفوسفور، البوتاسٌوم، السٌلٌكون بشَِكْل مَعْنَوِيٌّ

رَة وَمُحْتَوَى الكلوروفٌل  رِ إلىَ تَحْسٌِنِ نُمُوّ نَبَات الذُّ كَّ وِيّ الْمُنْتجِ مِن تَفَل قَصَبِ السُّ ٌَ الحَ

ٌَّة. واخٌراً  مْلِ ٌَة فًِ التُّرْبَة الرَّ امِ رَة النَّ  .وَعُمْقٌ الجذور وَارْتفَِاع نَبَاتَاتٌ الذُّ

ي ٌُمْكِن الِاسْتنِْتَاج أنََّ  التوصٌة:  رِ أدُِّ كَّ وِيّ الْمُنْتجِ مِن تَفَل قَصَبِ السُّ ٌَ اسْتخِْدَامَ الْفَحْم الحَ

ٌَّة المتاحة فًِ الْْرََاضًِ  ادَة اِمْتصَِاص العَنَاصِر الغِذَائِ ٌَ رَة و زِ ًّ تَحْسٌِن نُمُوّ نَبَاتَاتٌ الذُّ إلَ

ٌُصَلّ نحو ٌَّة حَتًَّ مَعْدَل إضَافَة  مْلِ ٌَّة٪ )10الرَّ ٌَّةوَ /وَزْنِ  (.زْنِ


