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Abstract 
Amending soils with biochar and vermicompost receive great attention in 

agriculture as it has the potential to provide multiple benefits for improving soil 
properties and thus enhancing plant growth and yield. Therefore, the objective of 
this research was to evaluate the influence of vermicompost (VCOM) and 
vermicompost produced in the presence of biochar (VCOM-BC) on nutrient 
uptake, and tomato (Solanum lycopersicum L) growth as well as the residual effect 
of treatments on Jew’s mallow (Corchorus Olitorius L). A pot experiment included 
five treatments; 1) Compost (COM), 2) Compost produced in the presence of 
biochar (COM-BC), 3) Vermicompost (VCOM), 4) Vermicompost produced in 
the presence of biochar (VCOM-BC), and 5) Control. The results showed that 
organic amendments had a positive impact on root and shoot fresh and dry weight 
of tomato plants. The maximum dry matter (2.90 g/plant) was produced in VCOM 
treatment followed by VCOM-BC treatment (2.27 g/plant), which was higher than 
control soil by 5.1 and 4 folds, respectively. The root dry weight of tomato plants 
increased significantly when grown in soil treated with organic amendments 
except for COM-BC, with the maximum root dry weight found in tomato plants 
grown in VCOM treatment followed by VCOM-BC. Applying organic 
amendments led also to a significantly higher increase in fresh and dry weights of 
Jew’s mallow shoots and roots compared to the control soil, with no significant 
differences between most organic amendments. In most cases, VCOM and/or 
VCOM-BC showed the highest increases in nutrient (NPK) uptake. Therefore, the 
application of vermicompost or biochar-amended vermicompost could be an 
effective nutrient management strategy for tomato and Jew’s mallow in Egypt's 
newly reclaimed calcareous soils. 
Keywords: Arid soils, Biochar, Nutrition status, Soil amendments, Worm composting.  

Introduction 
Increasing agricultural productivity through cultivation of recently reclaimed 

sandy and calcareous soil is necessary to meet the world's rapidly growing needs 
for food. The calcareous sandy soils are thought to make large areas of the 
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terrestrial surface on Earth and Egypt. Numerous difficulties arise when cultivating 
calcareous soils, including low water retention, low levels of humus and clay, low 
CEC, high rates of infiltration, nutrient loss through leaching, and poor structural 
integrity. In addition to problems caused by high CaCO3 content, which can reach 
up to 95%  (Meshram et al., 2023), such as surface crusting, low availability of 
macronutrients particularly phosphorous (P) and micronutrients, and imbalance 
between nutritional elements such as magnesium (Mg), potassium (K), and 
calcium (Ca), high pH and low nitrogen (N) use efficiency (El-Hady and Abo-
Sedera, 2006). On the other hand, continuous overuse of inorganic fertilizers 
results in several problems, especially when applied at high rates;  which  causes  
water and air pollution,  and greenhouse gas emissions (Wu et al., 2005)  .  

 Many studies have demonstrated positive impact of organic amendments on 
calcareous soils. In this context, the application of organic amendments to the soil, 
as an alternative to mineral fertilization, can increase soil microorganism activity 
and nutrient content of soil and may also promote nutrient release and 
decomposition of organic matter , plant uptake, and nutrient elements utilization 
(Phares and Akaba, 2022). Worm composting or vermicomposting is another 
major type of composting that is considered a sustainable method for recycling 
biodegradable organic waste  (Lv et al., 2020), also defined as a bio-oxidative 
process in which earthworm detritions interact with microorganisms and other 
fauna within the decomposer community, thus increasing organic matter 
stabilization of soil and significantly modifying its physical and biochemical 
properties (Domínguez, 2004). Recent studies have shown that vermicompost 
enhances photosynthesis, plant nutrition, and crop quality in general, mainly due 
to adding essential nutrients, growth-regulating hormones, and enzymes to the soil 
(Liu et al., 2022); (Oyege and Balaji Bhaskar, 2023). 

Recently, Biochar, a carbon-rich material derived from waste biomass, has a 
positive impact on improving soil properties (Pandey et al., 2020). Additionally, 
adding biochar during vermicomposting is of important for nutrient cycling and 
carbon stabilization  (Huang et al., 2022).  Adding biochar to the composting 
substrate before vermicomposting has a positive impact on overall chained process 
of composting to vermicomposting. Biochar might accelerate the 
vermicomposting process and improve the end product's quality when added 
during the process, further increasing the number of active bacteria and eukaryotes 
(Huang et al., 2022) in addition to celluloses, alkaline phosphatase, protease, 
actinobacteria and firmicutes (Cao et al., 2021). Previous research has shown that 
using biochar with VCOM can increase its stability and reduce the solubility of 
organic materials (Doan et al., 2013). Additionally,   application of VCOM-BC to 
soils improved the parameters of soil quality and plant growth. Tasnim et al. (2021) 
investigated the application of vermicomposting with biochar on soil properties 
and crop yields. They suggested that the germination index, root elongation, and 
seed germination were all higher in vermicomposting with biochar than sole 
vermicomposting. Therefore, the current study aims to investigate the role of 
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composting or vermicomposting with biochar on nutrient uptake and plant growth 
of tomato and Jew’s mallow grown in calcareous sandy soil. 
Materials and Methods 

The experiment was carried out in three phases: (i) composting and 
vermicomposting of agricultural wastes with and without Biochar, (ii) pot 
experiment with tomato plants for studying the effect of organic amendments on 
nutrient availability and plant growth, and (iii) pot experiment with Jew’s mallow 
for studying the residual effect of the obtained organic amendments.  
Organic amendments preparation  

Organic amendments used in this study were Compost (COM), compost 
produced in the presence of biochar (COM-BC), vermicompost (VCOM), and 
vermicompost produced in the presence of biochar (VCOM-BC). For composting, 
the wheat straw is air-dried and cut into 4–5 cm lengths. The biochar was produced 
by slow pyrolysis of wood chips of camphor tree at 400±10 °C in a transportable 
ring kiln with a residence time of 8 h. The biochar was crushed into particles and 
sieved to a size < 2 mm before application. The mixture from agricultural wastes 
of sheep manure (SM) and wheat straw (WS) in the ratio of 5:1 (w/w) was made 
and kept for pre-composting for about a month to avoid the thermophilic stage of 
composting. COM-BC was prepared following the same procedure, except for  
Camphor tree biochar (CTB) which was used at a rate of 10% (dry weight basis) 
(Awasthi et al., 2020) . The pre-composted substrates of both COM and COM-BC 
were taken and distributed on 2 boxes (for each group) for vermicomposting and 
composting. The vermicomposting plastic box was 1.2 m3 i.e., (height × length × 
width) (8 cm -15 cm -10 cm), with tight-fitting lids, drainage holes in the bottom, 
and air vents on the lids. Two boxes, VCOM and VCOM-BC, each containing 
approximately 75-100 healthy adult Eisenia fetida (red wigglers) worms with an 
average total weight of 36.3 g were placed on the surface of substrates. In addition, 
the two other boxes COM and COM-BC without any earthworms, were also set 
aside for composting. Earthworms were obtained from the Central Laboratory for 
Agriculture Climate in Giza, Cairo, and kept in their culture till the experiments. 
VCOM-BC was prepared following the same procedure of  VCOM, in addition, 
biochar was used with an application rate of 10 %  to avoid negative effects on 
worms (Weyers and Spokas, 2011). Every box with and without earthworms was 
covered with wet burlap.  

The temperature and moisture content were maintained by sprinkling an 
adequate quantity of water at frequent intervals. The harvesting of vermicompost 
and compost was done on the 90th day. Organic amendments (COM, COM-BC, 
VCOM, and VCOM-BC) were air-dried for one week before use, ground to pass 
through a 0.2 mm sieve and stored in plastic bags for further analysis. Each sample 
was analyzed for pH, EC (from 1:10 w/v). Total carbon (C), hydrogen (H), 
nitrogen (N), and sulfur (S) were analyzed using CHNS-analyzer. 
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Soil sampling and characteristics  
Soil used in the current experiment was calcareous sandy soil, which was 

collected from El-Ghorieb farm, Assiut University, Assiut, Egypt. The soil samples 
were air-dried and sieved through a 2 mm pore sieve. Soil texture was determined 
using the pipette method (Schlichting et al., 1995). Chemical soil properties (pH; 
EC; OM; and soluble cations and anions) were determined according to Jackson, 
(1973). Table 1 shows the physical and chemical properties of a representative soil 
sample. Soil analysis data showed that the soil contained 92.01% sand, 4.72% silt, 
and 3.27 % clay. The soil pH (measured in a 1:1 suspension of soil to water) had a 
value of 8.50. Meanwhile, EC (measured in 1:1 extract of soil to water) had a value 
of 1.12 dS/m and a high CaCO3 content of 17.09%. The level of organic matter 
accounted for 0.12 %. Additionally, the soluble Ca, Mg, Na, K and Cl were 2.6, 
1.3, 5.4, 0.5, and 5.2 meq/kg soil. The available form of soil P had a value of 4.86 
mg/kg. 
Table 1. Physical and chemical properties of soil used in the experiment. 

Soil property Values 
Particle size distribution 
Silt, % 
Clay, % 
Sand, % 
Texture 

 
4.72 
3.27 
92.01 
Sandy 

EC (1:1) dSm-1 at 25°C 1.12 
pH (1:1) 8.50 
Calcium carbonate, % 17.09 
Organic matter, % 0.12 

Soluble ions meq/kg soil 
Ca++ 
Mg++ 
Na+ 
K+ 
Clˉ 

 
 

2.6 
1.3 
5.4 
0.5 
5.2 

Available p (ppm) 4.86 

Pot experiment    
Pot experiments were carried out to examine the effect of prepared organic 

amendments (COM, COM-BC, VCOM and VCOM-BC) on nutrients uptake, 
tomato growth, and their residual effect on Jew’s mallow plants. Tomato seeds 
were sowed individually into cell plug trays filled with the growing media. The 
seedlings were transplanted to the respective experimental pots on the chosen soil. 
The five treatments were used: control (CK), compost (COM), biochar amended 
compost (COM-BC), vermicompost (VCOM), and biochar amended 
vermicompost (VCOM-BC). Each plastic pot (20 cm diameter and 18 cm height) 
was filled with 4 kg air-dried newly reclaimed calcareous sandy soil. The soil was 
amended with 1% (wt/wt) of each organic amendment. One plant was transplanted 
per pot, on 23 November 2022. Treatments were arranged in randomized complete 
block design, with three replicates. The second pot experiment was conducted on 
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1 May 2023 in the same pots of tomato plants experiment after harvesting. It aimed 
to evaluate the residual effect of organic amendments on nutrient availability, soil 
fertility, and plant production of Jew’s mallow (Corchorus Olitorius L), family 
Tiliaceae. After 7 days of sowing, seedlings were thinned and 40 healthy seedlings 
in each pot were kept in each pot.  

The applied mineral NPK fertilizers were added with the ratio of 100% of the 
recommended dose, as ammonium nitrate (33.5% N), superphosphate (15% P2O5), 
and potassium sulfate (48% K2O). The fertilizer recommendation on feddan basis 
(1 feddan = 4200m2) was applied to all treatments at the rates of 150 kg N, 150 kg 
P2O5 and 100 kg K2O/ fed for tomato plants and at the rates of 200 kg N, 100 kg 
P2O5 and 100 kg K2O/ fed for Jew’s mallow plants. P fertilizers were added to soil, 
and N and K fertilizers were added with irrigation water. Plants were harvested 
and data were recorded on 9 January 2023 for tomato and on 14 June 2023 for 
Jew’s mallow. Soil sample was taken from each plot (3 replications) at the end of 
the season for soil chemical analysis.  
Growth parameters and analysis of plants and soil 

At the end of the experiment, various growth parameters like plant height 
(cm), shoot fresh and dry weight (g), root fresh and dry weight (g) were recorded. 
plant shoots and roots were collected, dried at 70°C, and digested using a wet 
digestion procedure (HNO3/H2O2)   (Jones et al., 1991) for further nutrient analyses 
to determine nutrient content and uptake of nutrients. Total nitrogen in shoot and 
root samples was assessed through Kjeldahl digestion method (Jackson, 1973). 
Additionally, the concentration of K and P in the plant digests was measured using 
flame photometer and spectrophotometer, respectively. Soil samples were taken 
from the pots and sieved with a 2 mm sieve. The soil pH was measured using a pH 
meter in a 1:1 soil to water suspension, and EC was measured in 1:1 soil to water 
extracts using the EC meter. 
Statistical analysis 

 There were three replicates for each treatment to carry out statistical 
analysis. The data of the plant and soil analysis were subjected to the analysis of 
variance (ANOVA) to assess the effect of different amendments on tomato, Jew’s 
mallow and plant growth. LSD (Least significant difference) test at 0.05 level was 
used to compare the treatment effect.      
Results and Discussion 
Characteristics of the applied amendments  

Table 2 shows the characteristics of studied samples of vermicompost and 
compost.  

Our results found that the pH value of vermicompost and compost ranged 
from 7.3 to 7.7, this might be because of the used feed stock material.  The sample 
of vermicompost has pH higher than those of compost sample and adding biochar 
could reduce pH value of organic amendments. The pH value of vermicompost 
was near that obtained by Biabani et al. (2018) , who reported that, 75% sheep 
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manure and 25% wheat straw had pH value of 7.6. Some other researchers reported 
rise in pH during vermicomposting of biowastes (Soobhany et al., 2015). Addition 
of biochar during vermicomposting of biowastes could reduce the pH due to rapid 
mineralization of OM (Fu et al., 2015).  
Table 2. Chemical characteristics of the used organic amendments  

Organic 
amendments pH (1:10) EC dS/m C% H% S% N% C/N ratio 

COM 7.43 3.8 11.22 0.925 0.788 0.65 17.26 
COM-BC 7.35 3.2 20 1.206 0.791 0.73 26.66 
VCOM 7.7 3.4 10.5 0.877 0.767 0.80 13.12 

VCOM-BC 7.5 2.8 14 0.989 0.938 0.45 31.11 
COM: Compost, COM-BC: Composted biochar compost, VCOM: Vermicompost, VCOM-BC: Vermi-biochar. 
 

EC ranged between 2.8 and 3.8 dS/m. The results show that VCOM had EC 
value lower than COM and the lowest EC value was in VCOM-BC (Table 2). 
Singh et al. (2014) attributed the decrease in EC of vermicomposted paddy and 
wheat straw with farmyard manure to production of ammonium ions (NH4+), as 
well as loss of the dissolved salts in the environment. Additionally, Mahaly et al. 
(2018) reported that, the changes in the EC during vermicomposting were 
attributed to the utilization of soluble salts by microorganisms for biosynthesis and 
also to the adsorption of soluble salts by earthworms. The decreases of EC value 
during the vermicomposting was also reported  by Arora and Kaur (2019). Biochar 
may help to reduce salinity by holding nutrients and could be attributed to the 
sorption of cations on the reactive surfaces within the high pore space of biochar 
(Picca et al., 2023).  

The concentration of macro and micronutrients as well as the quality of the 
finished compost are positively impacted by the addition of biochar during the 
composting and vermicomposting of biowastes as shown in (Table 2). Total 
Organic Carbone (TOC) content ranged from 10.5 – 20% in organic amendments. 
This result indicated that COM-BC and VCOM-BC had higher TOC than COM 
and VCOM. The decreases in TOC of vermicompost is associated with the process 
of mineralization, which is the transformation of organic carbon into CO2 through 
the respiration of organisms (Sharma and Garg, 2018). Meanwhile biochar 
increased the total carbon of composting  (Chowdhury et al., 2014). As well as the 
H and S content of organic amendments have the same trend. COM-BC and 
VCOM-BC have the highest H values of 1.20 and 0.98 than that of COM and 
VCOM (0.92 and 0.87). Sulfur has the highest value of 0.79, 0.93 in COM-BC and 
VCOM-BC that of COM and VCOM 0.78, 0.76. The results by Prost et al. (2013) 
reported significant increase in concentration of various nutrients and carbon (C) 
in the composted biochar.  

 Total nitrogen (TN) ranged from 0.45-0.80%, slightly higher after 
vermicomposting and in general lower in COM-BC and VCOM-BC than COM 
and VCOM. The increase of TN in the final vermicompost is due to the reduction 
of dry mass in terms of carbon dioxide during the oxidation of organic matter. In 
addition, the earthworms can enhance nitrogen levels during vermicomposting 
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through the digestion of substrate in their gut and simultaneous addition of 
nitrogenous excretory products, mucous, body fluid, enzymes which are retained 
to the vermicompost as a casts; besides the decay of dead tissues of warms in the 
vermicomposting system (Joseph, 2019). Additionally, biochar is helpful in 
composting because it accelerates the organic matter's degradation and has the 
capacity to absorb significant amounts of NH3, which is produced by the 
mineralization of organic matter (Sánchez-García et al., 2015)  and adsorption of 
humic substances (Hua et al., 2009). 

The C:N ratio in organic amendments indicates their maturity. COM, COM-
BC, VCOM and VCOM-BC are characterized by a C:N ratio of 17.26, 26.66, 
13.12, and 31.11. these results are in harmony with the obtained by the previous 
results. Moldes et al. (2007) stated that compost might be considered mature when 
C/N ratio is approximately 17 or less. Another study showed that  a C/N lower than 
21 indicating adequate maturity of compost (Leege, 1998). However, Khan et al., 
(2014) suggested that for co-composted biochar, the maturity of the compost could 
be reached at higher C/N ratios due to the high stability of biochar C, as seen in 
this study (Table 2). Sharma and Garg (2018) processed other types of waste 
mixtures (composed of cattle manure, rice straw and paper) and obtained a broader 
range of C:N ratios (from 12.23 to 38.85), thus demonstrating a varying degree of 
vermicompost maturity. Most of the studies found that biochar addition during 
composting increased the C/N ratio because of the recalcitrant carbon derived from 
the added biochar (Chowdhury et al., 2014). 
Treatments effect on soil pH and EC 

In the present study, the chemical properties of the studied soil (pH and EC) 
were affected by organic amendments (Table 3). The results showed that the soil 
additives used (except for COM at first season) had no significant impact on soil 
pH. Among all amendments, only COM at first season reduced the soil pH 
significantly from 7.9 to 7.8. The obtained results confirm finding from Walker et 
al. (2003) that addition of compost to soil led to decrease soil pH. The production 
of organic acids (amino acid, glycine, cysteine and humic acid) during 
mineralization (amminization and ammonification) of organic materials by 
heterotrophs and nitrification by autotrophs would have caused this decrease in 
soil pH. For the residual effect, applying organic amendments also had no 
significant effect on soil pH change this might be mainly due to the buffering 
capacity of the used soil. The sensitivity of soil pH to the organic amendments was 
likely due in part to the low buffering capacity (Neilsen et al., 1998). An 
explanation for the little difference in the pH values between treatments is 
indicated by Lao et al., (2003) who mention that the soil buffering capacity keeps 
pH within certain limits even using nutrient solutions of different composition.   
  



 
Faried et al., 2025 

Assiut J. Agric. Sci. 56 (1) 2025 (241-260)  248 

Table 3. Treatments effects on soil pH and EC. 
Treatments                                        pH EC (dS/m) 

First experiment (soil of tomato plants) 
CK 7.960a 1.36b 
COM 7.813b 2.32a 
COM-BC 7.903ab 2.87a 
VCOM 7.956a 2.23a 
VCOM-BC 7.946ab 2.36a 
Mean 7.91b 2.23a 
LSD1 at p = .05 0.14 0.72 

Second experiment (Residual effect, soil of Jew’s mallow plants) 
CK 8.26a 1.22a 
COM 8.17a 0.92a 
COM-BC 8.14a 0.83a 
VCOM 8.20a 0.86a 
VCOM-BC 8.18a 0.92a 
Mean 8.19a 0.95b 
LSD2 at p = .05 0.20 0.54 
LSD3 at 0.07 0.35  
Different letters represent significant difference at p < .05 among various treatments. The same letter/letters 
represent no significant difference. CK: Control, COM: Compost, COM-BC: Composted biochar compost, 
VCOM: Vermicompost, VCOM-BC: Vermi-biochar.; LSD1; Less significant differences between means of 
soil pH  and EC at p=0.05 for tomato, LSD2; Less significant differences between means of soil properties 
at p=0.05 for Jew’s mallow  LSD3: comparison between soil pH  and EC for Tomato and Jew’s mallow. 

The value of electrical conductivity (EC) is a soil parameter that indicates 
indirectly the total concentration of soluble salts and is a direct measurement of 
salinity. Among all treatments, the values of EC ranged from 1.36 to 2.87 dS/m in 
soil cultivated with tomatoes plants and from 0.83 to 1.22 dS/m in soil cultivated 
with Jew’s mallow. The treatments had significant impact on soil EC at first 
experiment and there was no significant impact on soil EC at second experiment.  
EC values of the second experiment were lower than those of the first experiment. 
Differences in the EC values between treatments on the two experiments may be 
attributed to the differential metabolic work of the plant root exudates (extrusion 
of protons or organic acids). After harvest of Jew’s mallow EC was decreased in 
Ck and organic amendment treatments this may be due to Jew’s mallow tolerance 
to salinity. Similar findings was reported by El Moujabber et al. (2013) who 
reported that, to reduce the residual salinity, Jew’s mallow was planted after 
tomato.  
Treatments effect on plant growth and nutrient uptake 

Organic amendments had a positive impact on the root and shoot fresh and 
dry weight of tomato plants (Figure 1). The addition of VCOM, VCOM-BC, COM, 
and COM-BC led to higher significant increases in fresh weight of shoots by 8.7, 
5.5, 5.1, and 1.8 folds than the control soil, respectively.  Similarly, the addition of 
VCOM, VCOM-BC, COM, and COM-BC led to higher significant increases in 
fresh weights of tomato roots by 17.1, 11.5, 7.7, and 1.6 folds than the control soil, 
respectively. The shoot dry weight of tomato plants increased significantly in soil 
treated with all organic amendments. The maximum dry matter (2.90 g/plant) was 
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found in VCOM treatment followed by VCOM-BC treatment (2.27 g/plant), which 
was higher than control soil by 5.1 and 4 folds, respectively. The root dry weight 
of tomato plants increased significantly in soil treated with organic amendments 
(except for COM-BC), with the maximum root dry weight (1 g/plant) found in 
tomato plants grown in VCOM treatment followed by (0.98 g/plant) which was 
found in VCOM-BC.  

 
Figure 1. Treatments effect on fresh (A) and dry (B) biomass weight of shoots and roots of 

tomato plants; different letters represent significant differences at p < .05 among 
various treatments. The same letter/ letters represent no significant difference (±SD); 
CK: Control, COM: Compost, COM-BC: Composted biochar compost, VCOM: 
Vermicompost, VCOM-BC: Vermi-biochar. All values represent the mean of fresh and 
dry biomass weight of shoots and roots, recorded 45 days after plantation.  
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For the residual effect, the application of organic amendments affected the 
fresh and dry weights of shoots and roots of Jew’s mallow plants (Figure 2). The 
addition of organic amendments led to a significant increase in fresh weights of 
shoots and roots by 2.1and 2.8 folds, respectively compared with the control, with 
no significant effect between organic amendments in both shoots and roots fresh 
weights.  

Fig. 2.  Treatments effect on fresh (A), dry (B) biomass weight of shoots and roots of Jew’s mallow 
plants; different letters represent significant differences at p < .05 among various treatments. 
The same letter/ letters represent no significant difference (±SD); CK: Control, COM: 
Compost, COM-BC: Composted biochar compost, VCOM: Vermicompost, VCOM-BC: 
Vermi-biochar. All values represent the meaning of fresh and dry biomass weight of shoots 
and roots, recorded 45 days after plantation 
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The application of organic amendments led to a significantly higher increase 
in dry weights of shoots by 1.8-2.6 folds than the control soil. However, the 
application of organic amendments led to an increase in dry weights of roots by 
1.5-3.0 folds, respectively compared to the control soil.   

The results suggest that all investigated organic amendments enhanced the 
growth parameters of Tomato and Jew’s Mallow plants. Organic amendments 
originating from plant or animal sources might possess numerous properties that 
increase soil fertility and boost crop productivity (Aytenew and Bore, 2020). 
Tomato plants performed better with VCOM and VCOM-BC than the other 
treatments in terms of plant development. Both macro and micronutrients are 
present in vermicompost, and the uptake of the nutrients has a positive effect on 
plant nutrition, leaves chlorophyll content growth, and photosynthesis (Rekha et 
al., 2018).  

Throughout the vermicomposting process, plant growth hormones, symbiotic 
microorganisms, and other plant growth regulators are enhanced by humic acid, 
which positively affects plant growth when adding this vermicompost to the soil 
(Arancon et al., 2003).  In a study conducted by Gong et al. (2021), the application 
of VCOM and VCOM-BC resulted in increased germination and the growth of 
tomato seedlings and the application of VCOM-BC showed higher plant growth 
compared to the application of biochar and vermicompost alone. Another study 
demonstrated that the application of vermicompost and biochar has frequently led 
to increases in root length, and biomass in the roots and shoots (Álvarez et al., 
2017). Tasnim et al. (2021) investigated the application of vermicomposting with 
biochar on soil properties and crop yields. They suggested that 10% of the biochar 
addition enhanced the quality of vermicomposting, which can improve soil quality, 
both in terms of crop production and counteracting soil degradation effects.  
Table 4. Treatments effect on nutrients concentrations and uptake by shoots and roots 

of tomato plants (First experiment). 
Treatments Nutrients concentrations (g/kg) Nutrients uptake (mg plant−1) 

N P K N P K 
Nutrients in shoots 
CK 46.10b 3.85b 7.80c 26.30c 2.19c 4.42d 
COM 44.38bc 4.78ab 24.87ab 93.15a 9.69b 50.12b 
COM-BC 55.48a 4.69ab 21.76b 60.99b 5.13c 23.20c 
VCOM 41.51c 5.29a 30.02a 120.65a 15.45a 86.07a 
VCOM-BC 43.38bc 4.29ab 9.22c 98.54a 9.65b 20.97c 
LSD at p = .05 3.81 1.39 8.17 28.51 3.33 9.28 
Nutrients in roots 
CK 19.90c 3.31b 3.16b 3.79c 0.61c 0.56c 
COM 21.45c 5.68a 4.70a 11.68b 3.47b 2.75b 
COM-BC 34.50a 5.44a 3.22b 10.86b 1.71c 1.01c 
VCOM 22.87c 5.57a 5.58a 22.87a 5.47a 5.43a 
VCOM-BC 28.21b 5.89a 3.57b 27.79a 5.60a 3.52b 
LSD at p = .05 5.03 0.78 1.12 5.45 1.49 1.20 
Different letters   represent significant differences at p <0.05 among various treatments. The same letter/letters 
represent no significant difference. CK: Control, COM: Compost, COM-BC: Composted biochar compost, 
VCOM: Vermicompost, VCOM-BC: Vermi-biochar 
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The effect of the treatments on plant nutrient concentration and uptake of 
tomato plants are shown in (Table 4). The results indicated that roots contained 
higher levels of P than shoots. It is possible that this element was more 
concentrated in plant roots than in plant shoots due to its precipitation on the root 
surface. Among all treatments, only COM-BC treatment increased significantly 
the concentration of shoot N. In addition, both COM-BC and VCOM-BC 
treatments increased significantly concentration of root N. However, all 
investigated treatments increased concentration of shoot and root P and the 
significant increase was with application of VCOM. All treatments had positive 
effect on increasing the concentration of shoot and root K. However, only VCOM 
followed by COM showed high significant increases in shoot and root K 
concentration. 

For the treatment's effect on nutrient uptake, VCOM showed the highest 
increases in shoot N uptake by 4.6 folds compared to control, followed by VCOM-
BC, COM, and COM-BC treatments, which led to higher significant increases in 
N uptake by 3.7, 3.5, and 2.3-fold than control. For organic amendments effect on 
root N uptake, VCOM-BC treatment led to highest increases of 7.3 folds compared 
to control, followed by VCOM, COM, and COM-BC treatments, which led to a 
significant increase in N uptake by 6.0, 3.1, and 2.9 folds compared to control, 
respectively. The treatments of VCOM, COM, and VCOM-BC led to significant 
increase in shoot P uptake respectively by 7.1, 4.4, and 4.4 folds and in roots by 
9.0, 5.7, and 9.2 folds in root P uptake compared to control respectively. 
Additionally, the treatments of VCOM, COM, COM-BC and VCOM-BC led to a 
significant increase in shoot K uptake by 19.5, 11.3, 5.2, and 4.7 folds compared 
to control, respectively. For K uptake by roots, VCOM, VCOM-BC and COM 
treatments led to a significant increase of 9.7, 6.3, and 4.9 folds compared to the 
control, respectively.  

For residual effect, results showed that the NPK concentrations and uptake 
were increased under the application of treatments as compared to NPK fertilizer 
treatment (control) in both roots and shoots as shown in (Table 5). The statistical 
analysis showed that the highest values of NPK content in Jews’ mallow plants 
were obtained with applied VCOM-BC in both shoots and roots with significant 
differences compared to the control. Only VCOM-BC treatment led to a significant 
increase in N concentration by shoots and the treatments of COM-BC, VCOM and 
VCOM-BC led to a significant increase in N concentration by roots. All organic 
amendments led to significant increase in P concentration by shoots and roots. The 
treatments of COM, VCOM and VCOM-BC led to significant increase in shoot K 
concentration but there were no significant increases in root K concentration 
compared to control.  
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Table 5.  The residual effect on nutrients concentrations and uptake by shoots and 
roots of Jew’s mallow plants (Second experiment). 

Treatments nutrients concentrations (g/kg) nutrients uptake (mg plant−1) 
N P K N P K 

Nutrients in shoots 
CK 34.617b 3.626c 7.629d 2.916b 0.31b 0.65c 
COM 35.433 b 4.42ab 26.624c 5.826ab 0.783a 4.856ab 
COM-BC 36.927b 4.420ab 20.629d 5.853ab 0.70a 3.180b 
VCOM 38.653ab 4.120ab 29.350b 6.870a 0.723a 5.806a 
VCOM-BC 41.447 a 4.740a 38.07a 8.486a 0.890a 6.25a 

LSD at p = 0.05 4.10 0.48 5.29 3.289 0.33 2.19 
Nutrients in roots 
CK 23.973b 3.74b 4.38a 0.853c 0.13c 0.153b 
COM 27.227ab 4.56a 4.738a 1.596bc 0.243bc 0.250ab 
COM-BC 28.693a 4.41a 4.984a 2.49ab 0.430a 0.443ab 
VCOM 30.353a 4.526a 4.914a 2.506ab 0.360ab 0.463ab 
VCOM-BC 30.670a 4.74a 5.513a 3.0467a 0.463a 0.553a 

LSD at p = .05 4.03 0.47 2.10 1.07 0.12 0.32 
Different letters   represent significant differences at p < 0.05 among various treatments. The same 
letter/letters represent no significant difference. CK: Control, COM: Compost, COM-BC: Composted 
biochar compost, VCOM: Vermicompost, VCOM-BC: Vermi-biochar 

For nutrients uptake, VCOM and VCOM-BC showed significant increase in 
shoot N uptake by 2.36 and 2.91-fold compared to control, respectively. For root 
N uptake, the treatments of COM-BC, VCOM, and VCOM-BC recorded 
significant increases by 2.9, 3.0, and 3.6 compared to control, respectively. All 
organic amendments led to significant increase in P uptake by shoots and roots 
(except for COM treatment with root P uptake). Additionally, all organic 
amendments led to a significant increase in K uptake by shoots compared to control 
meanwhile, only VCOM-BC treatment led to a significant increase in K uptake by 
roots by 3.6-fold compared to control. Organic amendments are rich in organic 
matter and essential nutrients for plants such as nitrogen, phosphorus, and 
potassium, fulfilling the nutrient deficiency in sandy soils. The addition of organic 
amendments increases the levels of OM in the soil, stimulating the activity of soil 
microorganisms, which transform nutrients into forms that plants can easily absorb 
(Irin and Hasanuzzaman, 2024).  

Regarding the positive effect of vermicompost on nutrient content in plant 
tissues, the results are in harmony with those reported by (Chaoui et al., 2003), 
who demonstrated that vermicomposting is an excellent way to obtain readily 
available P, K, and N. Vermicomposting with biochar (VCOM-BC) showed the 
highest increases in NPK content of plant tissues for Jew’s mallow plants at the 
second season. Numerous researchers have examined the potential of using 
biochar to compost and vermicompost biowastes (Khan et al., 2019). In a study 
conducted by Wu et al. (2023) to optimize biochar addition for vermicomposting, 
they found that biochar addition promoted the quality of final vermicompost. Khan 
et al. (2020) demonstrated that biochar and earthworm could jointly increase the 
concentration of important plant nutrients in the finished vermicompost.  
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Correlation between tomato and Jew’s mallow growth and nutrient uptake 
was established (Table 6 and 7). The relationship revealed a significant correlation 
between tomato and jew’s mallow growth parameters (shoot fresh weight (SFW), 
root fresh weight (RFW), shoot dry weight (SDW), root dry weight (RDW), and 
nutrients uptake (r=0.5630 and 0.9849). According to our findings, the application 
of organic amendments could optimize nutrient uptake and plant growth and thus 
help sustain in the calcareous sandy soil.  
Conclusion 

The results showed that nutrient uptake and plant growth can be effectively 
improved by applied organic amendments. Overall, plants treated with VCOM-BC 
showed the greatest improvements in nutrient uptake through the roots and shoots. 
In most cases, VCOM and/or VCOM-BC showed the highest increases in nutrient 
(NPK) uptake. Therefore, our results suggest that the prepared organic 
amendments (especially vermicompost and biochar-amended vermicompost) have 
the potential to optimize nutrient uptake and plant growth and thus, help sustain in 
the calcareous sandy soil. However, further research on the interactions between 
vermicompost and biochar is required. 
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متصــــاص المغذیات ونمو نباتات إبوســــت الدودي مع الفحم الحیوي في  دور الكمبوســــت والكم
 المزروعة في التربة الرملیة الجیریةالطماطم والملوخیة 

عادل ربیع احمد  الدســوقي،محمود محمد  محمود،صــلاح محمد   محمد،ھاشــم محمود    ،*الشــیماء مصــطفي فرید
 عثمان

 ر.وط، مصیھ الزراعة، جامعة اسیاه، كلیقسم الأراضي والم

 ملخصال
 دور لدراسـةسـیوط  أالزراعة، جامعة    كلیة،  والمیاهالأراضـي    تم إجراء تجربة أصـص بقسـم

الكمبوســـــت والكمبوســـــت الـدودي المنتج في وجود الفحم الحیوي لتحســـــین خصـــــائص التربـة  
ــة   وكذلك (Solanum lycopersicum L) الطماطموامتصــاص المغذیات ونمو نباتات   الأثر  دراس

 الملوخیةنمو نباتات  علىالمتبقي للمعاملات 
جراء خمس معاملات وھي: إحیث تم    (Corchorus Olitorius L) 

اكمبوسـت الدودي في وجود   ،الدوديالكمبوسـت    ،الحیويالكمبوسـت في وجود الفحم    ،الكمبوسـت 
 معاملة الكنترول ،الحیويالفحم 

المحســـــنـات العضـــــویـة لھـا تـأثیر إیجـابي علي كلا من الوزن الرطـب  وقـد أظھرت النتـائج أن       
حیـث وجـد أقصـــــي وزن للمـادة الجـافـة   الطمـاطم،والجـاف للمجموع الخضـــــري والجـذري لنبـاتـات  

جم/نبات) في معاملة الكمبوســــت الدودي تلیھا معاملة الكمبوســــت الدودي في وجود الفحم  2.90(
أضــعاف علي   4و  5.1جرام/ نبات) والتي كانت اعلي من التربة الكنترول بمقدار  2.27 (الحیوي  
ــت في وجود    التوالي. ــویة فیما عدا معاملھ الكمبوس ــنات العض كذلك وجد أن معاملة التربة بالمحس

ات   اتـ ذور في نبـ اف للجـ ة في الوزن الجـ ادة معنوبـ اطم،الفحم الحیوي أدت إلي زیـ د   الطمـ ث وجـ حیـ
الدودي تلیھا    المعاملة بالكمبوســت أقصــي وزن جاف للجذور في نباتات الطماطم النامیة في التربة  

 بالكمبوست الدودي في وجود الفحم الحیوي. التربة المعاملة
أن اســـتخدام المحســـنات العضـــویة أدي الي زیادة معنویة في الاوزان الرطبھ   كما اظھرت النتائج

ة الكنترول. في معظم   التربـ ة بـ ارنـ ھ مقـ ات الملوخیـ اتـ ة للمجموع الخضـــــري والجـذري لنبـ والجـافـ
الحالات أظھر كلا من الكمبوسـت الدودي والكمبوسـت الدودي في وجود الفحم الحیوي أعلي زیادة 

 جین والفوسفور والبوتاسیوم.في إمتصاص عناصر النیترو
ــت   أنوأظھرت النتائج   ــت الدودي في وجود الفحم الحیوي یمكن    تطبیق الكمبوس الدودي والكمبوس

فعالة لادارة المغذیات لنمو نباتات الطماطم والملوخیة في الأراضــي الجیریة    أن تكون اســتراتیجیھ
 المستصلحة حدیثا. المصریة

 .التربة محسنات، ، الفحم الحیوي, الكمبوست الدودي والتربة القاحلة حالة التغذیة  الكلمات الرئیسیة:
 


