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Abstract 
A series of experiments were carried out under laboratory and green house condition in Soil Science 

Division (SSD), NARC, Khumaltar during 2016 to 2017 with an objective to find out the preferable 

concentration of biochar for earthworm persistence and for optimum growth of vegetable crop. The 

specific objective of this research was to find out the appropriate amount of biochar for optimum 

germination, crop growth and profound microbial activities. For this research, 7 different doses of 

biochar as treatments viz. 0 ton/ha i.e. control (T1), 5 ton ha-1 (T2), 10 ton ha-1 (T3), 20 ton ha-1 (T4), 30 

ton ha-1 (T5), 40 ton ha-1 (T6) and 50 ton ha-1 (T7) were used each replicated 3 times. The cultivars used 

were German variety of cress and Hong Kong F1 variety of Chinese cabbage @ 10 seeds per pot of each. 

For earthworm avoidance test, 10 earthworms (Eisenia foetida) were used per treatment. Earthworm 

population after 72 hours was counted. Data pertaining to different parameters of earthworm movement 

and plant growth like number of plants, germination rate, etc. were measured and statistically analyzed 

and Soil samples were collected and analyzed. The obtained result showed that the treatments were 

significantly different for every parameter except germination % and number of plants of Cress. 30 ton 

ha-1 was found to have most significant effect in earthworm persistence and in most of the cases. 

Similarly findings of this research showed that biochar has great effect on change in soil properties like 

pH, organic carbon, Phosphorous but is highly effective in increment of potassium content. However the 

nitrogen content was found to have decreased to a great extent. Therefore, 30 ton ha-1 of biochar was 

found to be most satisfactory for overall observed parameters and earthworm persistence but excessive 

dose of biochar is not beneficial for earthworm and vegetable crops. 
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Introduction 
Biochar is a finely grained solid substance obtained from carbonization of any kind of 

biomass. Biochar is carbon rich substance that is prepared by heating the biomass in high 

temperature (400-700 ˚C) in full or partial absence of oxygen. It can be used as a soil 

amendment and/or conditioner which when added to soil improves the physical, chemical 

biological as well as nutritive property of soil. However, it is not a fertilizer or any source of 

plant nutrient thus it should not be used as an alternative to fertilizers (Vista    et al., 2016) [8]. 

Still, the biochar used soil is considered fertile as it mobilizes the nutrients present in the soil. 

Simply, biochar is a kind of a finely grained black colored charcoal made up of plant parts 

(Lehmann and Joseph, 2009) [2]. Biochar is not a new term in modern agricultural practice in 

Nepalese context. However, its use from ancient period in agriculture cannot be denied. The 

use of ashes and coal in traditional agriculture is still prevalent since the ancient period. But 

the importance of biochar in improving soil quality is being understood nowadays. And also, 

biochar is found in soils where vegetations are being burnt, in areas where slash and burn for 

agricultural and livelihood had been practiced (Krull    et al., 2008, Skjemstad    et al., 2002) [1, 

5]. This 2000 year-old practice converts plants parts and waste into a fine-grained, highly 

porous soil enhancer which hold carbon, increases soil biodiversity, and retain soil water and 

nutrient and avail them to plants. Biochar is generally produced from the pyrolysis of any kind 

of waste biomass like rice husk, plant parts, branches, woods, sawdust, bones, sugarcane bi-

product, fallen tree leaves, weeds, straw, grasses etc. Biochar is such a product that has 

multiple usefulness in many sectors. But, mainly bicohar is produced as a soil amendment to 

improve the quality and productivity of soil. Once used biochar can work as soil amendment 

for 100 of years thus it is not necessary to apply biochar every once in a year. Beside soil 

amendment, biochar can be used in purification of dirty water. It can also be used as bedding 

material for cattles and other livestock to prevent from cold. Globally, biochar is produced for 

the carbon sequestration as it helps in CO2 absorption and its reduction in atmosphere. The 

importance and usefulness of biochar has increased even more nowadays and it has ample 

scope in Nepal (Vista,    et al, 2015) [7].  

The term biochar has not been so old in Nepalese agriculture. Though the concept of biochar 

started as a means of carbon sequestration and reduction of emission of greenhouse gases, its  
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importance on agriculture was understood later on. And many 

research programs have been carried out till the date to know 

the importance and usefulness of biochar in agriculture. Many 

countries have already started to use biochar as a soil 

amendment along with the FYM, and other manures and 

fertilizers but in Nepal, it has been just few years that the 

research programs to know the effect of biochar in crop 

production have been carried out in farmers field.  

In the production process of biochar, ample amount of raw 

materials like dry leaves, branches, maize cobs, woods, rice 

husks etc is required which after the pyrolysis turns to the 

biochar that is just 1/3rd of the total material used (Vista et. al, 

2016) [8]. Since the total product is very much lesser than the 

raw material used, the application of biochar should be always 

scientific. This not only is economic, but is also beneficial to 

the improvement of soil quality. Thus the proper amount of 

biochar should be applied to get the best results while not 

wasting the biochar. The research on biochar in Nepal has not 

clearly recommended appropriate dose for the production of 

crops. Therefore, this study was carried out with an objective 

to quantify the appropriate amount of biochar to be applied on 

soil for optimum crop production.  

 

Materials and Methods 

The research was conducted in Soil Science Division (SSD), 

NARC at Khumaltar (1310masl), Lalitpur district of Nepal. 

Biochar was prepared by using Kon Tiki Kiln from maize 

stover and other agricultural waste of the Agronomy farm. 

Three sets of experiments were conducted simultaneously. 

Some from Agronomy farm was used for the experiment and 

some of its relevant characteristics are presented in Table-1. 

Under laboratory condition, earthworm avoidance test using 

Eisenia foetida was conducted to determine the preference of 

earthworm at different concentration of biochar. The 

treatment detail is presented in Table-2. For this, three kg of 

soil was taken for each treatment and biochar was added and 

mixed well. The biochar treated soils were kept in tray 

keeping in mind that the earthworms could move from a 

treatment to other. Ten earthworms were released in each 

treatment and after half an hour, all the blockages were 

removed from tray and 60% moisture was maintained by 

sprinkling the water above the soil. All the trays were kept in 

dark side of room and were covered with the newspaper so as 

to restrict the light and left for seventy-two hours. After 72 

hours, earthworms were counted in each treatment. 

For green house experiments, the same set of biochar treated 

soil was used. The experiments were laid out in complete 

randomized design (CRD) with 7 treatments and 3 

replications (Table-2). For these experiments, a German 

variety of cress and Hong Kong F1 hybrid of China Cabbage 

were used. Ten seeds per pot were seeded and germination%, 

crop growth parameters and soil parameters were studied. The 

soil was analysed using standard procedure as shown in 

Table-1. The data obtained from these experiments were 

analysed using Genstat version 10.3 D to test the level of 

significance.  

 

Results and Discussions 

Effect of varying concentration of biochar on earthworm 

persistence 

Perusal of the data in Table-3 shows that application of 

different doses of biochar has significant effect on earthworm 

movement. Highest number of earthworms was found 

concentrated in the soil treated with 30 tha-1 indicating 

excellent preference of the media by earthworms. This shows 

that microbes dwells more in the media where earthworm 

population is higher, indicating suitable concentration of 

biochar for microbial population. Lowest number of 

earthworm population was observed in high dose of biochar 

(50 tha-1). This observation has clearly pointed out that high 

dose of biochar is not congenial for earthworm. The results 

further pointed out that the appropriate dose of biochar is 30 

tha-1 for soil fauna. This study corroborates with the findings 

of Weyers and Spokas, 2011 [9] which concluded that the 

addition of biochar and other black carbon substance 

including slash and burn cause the short-term negative impact 

and long term null impact on the earthworm population, 

density and also biomass (Weyers and Spokas, 2011) [9]. 

Hence the amount of biochar matters the earthworm 

population. Liesch    et al., 2010 [3] concluded that biochar has 

some sort of negative impact on the abundance of earthworms 

and soil biota. There was mortality of earthworm Eisenia 

fetida by 100% when biochar produced from poultry manure 

was used as treatment at very high dose. Results of our 

experiment revealed that there was 150% preference of 

earthworm when the soil is treated with 30 tha-1 and it is 

evident that more faunal population is concentrated when 

biochar is applied at the rate of 30 tha-1. 

 

Effect of various dose of biochar on Germination 

percentage and plant population of Cress and China 

Cabbage 

Germination percentage and biochar rate showed good 

relationship. Data in Table-4 revealed that the dose of biochar 

significantly affect the germination of hardy crop like China 

cabbage but has non significant effect on sensitive crop like 

Cress. In cress, higher germination rate was observed in the 

soil treated with 30 tha-1 of biochar and least was observed 

from the control pot. On the other hand, there is significant 

difference between the treatments with respect to germination 

of China cabbage. Soil treated with 30 tha-1 of biochar (T5) 

was found having significantly highest germination rate 

(33.33%) and soil treated with 50 tha-1 of biochar (T7) 

showed no germination (0%). From this study, it is evident 

that very high dose of biochar (50 tha-1) restrict germination 

rate. Thus study has also clearly pointed out that optimum 

dose of biochar for healthy germination of vegetables is 30 

tha-1. However, the dose of biochar did not show significant 

effect on plant population of both cress and china cabbage 

(Table-4). No decrease of increase of plant numbers were 

recorded after the germination. This indicate that dose of 

biochar has positive and negative role on germination but not 

on the plant mortality.  

Combined results of 9 different research trials on cabbage in 

Bandipur showed that yield in production increased by 16.2 

tons per hectare by the use of biochar. Similarly, the 
production of cauliflower increased by 14.6 tons per hectare and the 

production of cabbage increased by 24.6 tons per hectare in Dhading 

district (Vista    et al, 2016) [8]. While doing the economical analysis, 

by the use of biochar, the turnover can increase by Rs 548,957 from 

cabbage, Rs 371,102 from tomato, Rs 444,457 from cauliflower and 

Rs 42,625 from potato per hectare for each crop (Vista    et al, 2016) 
[8]. 

 

Effect of various dose of biochar on Changes in Soil 

properties  

Soil pH 

Application of biochar increased the soil reaction. The initial 

soil reaction was 4.9 and it increased to 5.6 with the 

application of 50 tha-1 of biochar. The applied biochar was 

found to have pH of 10. 2. Therefore, higher the dose of 
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application of biochar, greater was the increment in soil pH. 

The application of different doses of biochar increased the soil 

pH gradually. The highest soil pH was observed in the soil 

treated with 50 tha-1 of biochar (T7) and lowest was recorded 

from the control pot (T1). This shows that biochar application 

has great influence on change in pH of the soil. Biochar 

prepared from maize stover was found to be alkaline (pH 

10.2) in nature and the increment in soil pH was found 

directly proportional to the amount of biochar applied. It is 

evident that the application of biochar can remediate soil 

acidity problems in most acid soil and biochar can also be 

used for ameliorating soil acidity to some extent. 

 

Soil organic carbon 

Perusal of the data in Table-5 showed that carbon content was 

found to be increased in the soil treated with biochar. Least 

carbon content was observed in the control pot where biochar 

was not applied. However, the doses of biochar did not have 

significant effect on soil organic carbon content.  

 

Total nitrogen  

Here, the total nitrogen content of the soil only is 0.14% but 

after addition of biochar, the total nitrogen reduced. In the 

treatment T2 which consist the least dose of biochar, the total 

nitrogen content is 0.084 which is 0.056% less than control. 

Similarly, in the treatment T7, which consist highest dose of 

biochar, the total nitrogen content is just 0.063 which is 0.077 

less than control. This shows that, on addition of biochar, the 

total nitrogen % of the soil decreases on first 2-3 weeks of 

application as per this experiment. 

 

Exchangeable Ammonium 

Perusal of the data in Table-5 indicate similar trend of results 

as that of total nitrogen. Exchangeable ammonium decreased 

with the application of biochar in soil. The soil without 

biochar showed level of exchangeable ammonium (124.6 

ppm) but in all soil samples with addition of biochar, the 

exchangeable ammonium decreased to some extent. In 

treatment which contains highest (50 ton ha-1) amount of 

biochar (T7), the exchangeable ammonium was recorded to be 

the least (2.8 ppm).  

 

 Available phosphorous 

Result reveals that application of biochar has no effect on the 

dynamics of phosphorous availability. Higher available 

phosphorus was recorded from the soil treated with 5 ton ha-1 

of biochar and least was observed in soil treated with 20 ton 

ha-1 of biochar. This trend of results was in agreement with the 

finds of Quilliam    et al., 2012 [4]. In their three-year field 

experiment, there was no significant difference between 

biochar applied and biochar not applied soil but after three 

years when biochar was reapplied; there was a significant 

increment in the available P (Quilliam    et al., 2012) [4]. 

 

Available potassium 

Perusal of the data in Table-5 revealed that biochar has 

tremendous effect on the availability of potassium. The soil 

without biochar showed 147.88 kg ha-1 indicating medium 

range of availble potassium but after the addition of biochar, 

the level of potassium content has increased to high and very 

high range. This indicates that higher the dose of biochar, 

greater is the increment in available potassium. 

 

Findings of our Research 

The present experimentation on biochar pointed out few key 

findings that are point wise summarised below: 

1. Highest number of earthworms was found concentrated in 

the soil treated with 30 tha-1 indicating excellent 

preference of the media by earthworms. This clearly 

pointed out that 30 tha-1 of biochar is suitable for 

earthworm population. 

2. The dose of biochar significantly affect the germination 

of hardy crop like China cabbage but has non-significant 

effect on sensitive crop like Cress. In cress, higher 

germination rate was observed in the soil treated with 30 

tha-1 of biochar and least was observed from only soil. 

This results also pointed out that 30 tha-1 of biochar is 

suitable for germination of sensitive crops like cress. 

3. Higher the dose of application of biochar, greater was the 

increment in soil pH. The application of different doses 

of biochar increased the soil pH gradually. Therefore, 

biochar can be an alternative to increase soil pH to some 

extent. 

4. Addition of biochar in soil increased soil organic matter 

content but decreased total nitrogen and available 

nitrogen. 

5. Addition of biochar in soil did not have any effect on 

available phosphorus but showed tremendous increment 

in available potassium with increased in dose of biochar. 

 

Conclusions and Recommendations 

From the present investigation, it could be concluded that 

biochar has significant effect on earthworm dynamics. The 

use of different doses of biochar has varying effect on the 

germination rate and earthworm density as well as effect on 

the soil physico-chemical properties. The findings of the 

research clearly indicated that higher dose of biochar is not 

congenial for earthworm population and germination rate. 

Therefore, it is evident that 30 tha-1 of biochar is the optimum 

dose for our soil. Based on the findings on soil properties, 

biochar has shown good contribution in ameliorating soil 

acidity to some extent and tremendous increment in 

availability of potassium. 

Based on these research findings, it is suggested to prepare 

and apply biochar for enhancing soil fertility and productivity. 

It is also suggested to train farmers on this subject so that 

capacity is build up to prepare farmers own biochar. The 

recommendations made here are based on the findings of this 

study and may be helpful to the policymaker involved in 

supporting and uplifting the resource poor, marginalized 

farmers for soil improvement. Some of the recommendations 

are point wise summarized below: 

 Biochar should not be used as a fertilizer. Rather it should 

be used as a catalyst and should be blended with other 

fertilizers and manures for mobilisation of the nutrients. 

 Farmers should not use excessive dose of biochar. The 

dose of biochar should be 30 ton per hectare. However, 

low rate of biochar also has good effect compared to no 

application of biochar. Too much use of biochar in soil 

may cause the problems like soil alkalinity and nutrient 

locking being unavailable to the plants and there may not 

be optimum utilization of biochar and resources. 
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activities. 

 
Table 1: Relevant properties of the experimental soil 

 

Parameters Soil property Method adopted 

pH 4.9 pH meter 

OC % 3.89 Walkley and Black 

Total N (%) 0.14 Kjeldahl distillation 

Available N(ppm) 124.6 Kjeldahl distillation 

Available P (kg ha-1) 56.48 Bicarbonate 

Available K (kg ha-1) 147.88 Flame photometer 

Table 2: Different concentration of biochar used for earthworm 

avoidance and vegetables 
 

Treatments Doses of biochar Treatment description 

T1 Control (no biochar) 3kg soil + 0gm biochar 

T2 5 ton ha-1 3kg soil + 7gm biochar 

T3 10 ton ha-1 3kg soil + 14gm biochar 

T4 20 ton ha-1 3kg soil + 28gm biochar 

T5 30 ton ha-1 3kg soil + 42gm biochar 

T6 40 ton ha-1 3kg soil + 56gm biochar 

T7 50 ton ha-1 3kg soil + 70gm biochar 

 
Table 3: Earthworm population after 72 hours as affected by biochar dose 

 

Treatments Final no. of earthworm (mean value) Preference % Avoidance % 

1 9 (c) - 13.3% 

2 11 (bc) 113.3% - 

3 10 (c) 0 0 

4 9 (c) - 13.3% 

5 15 (a) 150% - 

6 11 (bc) 110% - 

7 5 (c) - 53.3% 

F-test 5.75   

P-value 0.003   

CV% 23   

LSD 3.990   

 
Table 4: Germination% and plant population of cress and China cabbage as affected by biochar dose 

 

Treatment 
Germination% No. of plants at 15 days 

Cress China Cabbage Cress China Cabbage 

1 6.67 (b) 10.00 (b) 1.000 1.333 

2 20.00 (ab) 33.33 (a) 0.667 4.000 

3 20.00 (ab) 30.00 (a) 1.333 2.333 

4 23.33 (ab) 10.00 (b) 1.667 1.000 

5 30.33 (ab) 33.33 (a) 2.000 3.333 

6 40.00 (a) 3.33 (b) 2.333 1.000 

7 33.33 (a) 0.00 (b) 2.667 0.000 

f-test 1.91 8.93 1.02 3.88 

P-value 0.150 <0.001 0.451 0.017 

CV% 55 49.3 74.1 67.5 

LSD 23.84 14.80 2.162 2.195 

s.e.m 7.87 4.88   

 
Table 5: Changes on soil physico-chemical properties of soil with and without addition of biochar 

 

Treatments Soil pH 
Organic 

Carbon (%) 

Total 

Nitrogen (%) 

Exchangeable 

Ammonium (ppm) 

Available Phosphorous 

(kgha-1) 

Available Potassium 

(kgha-1) 

T1 4.9 3.89 0.14 124.6 56.48 147.88 

T2 5 5.47 0.084 14 64.11 731.66 

T3 5 5.05 0.077 15.4 60.29 490.36 

T4 5.1 5.50 0.056 4.2 53.23 560.42 

T5 5.1 5.15 0.007 8.4 55.33 591.55 

T6 5.2 5.64 0.119 7 60.10 708.31 

T7 5.6 5.33 0.063 2.8 54.95 965 
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