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ABSTRAK 

  

Most of the agricultural soil in Lombok are Sandy soils with very course in texture, low soil organic carbon (SOC), 

fertility and poor water holding capacity (WHC). Using biochar would improve the soil quality in sub optimal (dryland) and 

degraded land. Two set of experiments were carried out  to evaluate the soil  chemical properties after incubating for 15 and 

30 days;  and to investigate the response  of  growth and yield of soybean plants. Two factors were tested : the first factor was 

three types of biochar ( without biochar, B0; tobacco stem, B1;  rice husk, B2;  and  coconut shell, B3), and the second factor  

consisted  three rates of nitrogen fertilizers ( 0, 50, 100 kg urea ha-1). Pots were arranged in a Completely Randomized  

Design (CRD) in the pattern of factorial, with three replicates under glass house condition. Data  obtained were analyzed by 

analysis of variance at 5% significance level.  Results show  that the application of biochar significantly enchanced the 

changes of soil chemical properties or improve the soil quality especially for soil pH, soil carbon organic (SOC), cation 

exchange capacity (CEC) at 15 days incubation. Soil without  biochar added  had the lowest levels of total N and the highest 

total N was obtained in adding tobacco stem biochar. There was no  interaction  between  the biochars and nitrogen rates on 

soybean growth and yield. Adding biochar increased the number of leaves  and seeds, but no significant effects on plant 

height, days of flowering, shoot dry weight,  number of pods and the weight of seeds.  Therefore, further research should be 

done to investigate  if the application of biochar  had  a residual effect for the next cropping.  

____________________________________________________ 

Keywords : biochar, soil quality, growth, yield, 

 

INTRODUCTION  

Soybean Glycine max (L.) Merr. is one of the major cash crop which is usually used as human food 

and  row material for food processing.  The use of soybean product  as human food has increased steadly, it is 

due to their product is associated with their high nutrition quality  and medicinal value.  They are play an 

important role in the human diet throughtout the world, they are recognized  as  an excellent source of dietary 

protein and amino acids, which generally containing between  20 – 30% of energy, dietary fiber, and a variety 

of micronutrients and phyto-chemicals (Onor, et al., 2014). Due to the high protein content it is highly suited for 

infants and children growth  and also for people who have chronic diseases such as HIV/Aids (Gandhi. 2006). 

In addition, soybeans have a concentrated source of isoflavons, which have potential role in preventing and 

treateing cancer and osteoporosis and also may decrease the risk of prostate (Onor et al., 2014).  

Besides that, soybeans  are a source of the isoflavons which have beneficial effect on heart and bone, 

including cholesterol  reduction and improve vascular health, preserved bone mineral bone density and 

reduction of menopausal symptoms. A study by Umpieerrez et al. (2012) indicated that there is no different 

effect  between soybean oil and olive oil on clinical attention such as infectious and noninfectious  

complications.  Futhermore, soybeans are an excellent source of folate, it is also high in micronutrients content 

such as iron, zinc and calcium. However,  it is low in fat, with the predominant fatty acid is linoleic acid is about 

5%. This fatty acid particularly eicosa pentaenoic acid (EPA) and decosa hexaenoic (DHA) have an important 

role for health  benefits (Gandhi, 2006).  

Until now, the soybean production still low and national demand can not be  covered  by local 

production, therefore soybeans  are imported. To overcome this problem, there are several ways can be 

conducted to increase the production. In West Nusa Tenggara, soybeans are mainly grown in dryland area with 

very low in production due to the low soil fertility. Dryland farming system can be potentially used to increase 

the soybean production by integrated nutrient management by using  the anorganic and organic fertilizers  to 

increase the soil quality. There are many constraints  for  the use of these soil.  Sandy soils are dominated in the 

dryland of West Nusa Tenggara.  The soil characteristics are low in nutrient content such as nitrogen, 

phosphorus, potassium, calcium and magnecium, low in carbon organic content with less than 1%, cation 

exchange capacity (CEC), poor soil aggregate  and low in water and nutriens retention (Mulyati et al., 2014a; 
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Sukartono et al., 2014).  These   soils  characteristics mainly indicate  a  very poor  for  growth and yield of 

soybean, which lead to low in nitrogen (N) fertilizer use efficiency.   Hence, to overcome this constraint,  

alternative can be used is  soil management to increase  and to maintain soil organic carbon (SOC) and improve 

crop water  and nutrients  use efficiency (Lehmann et  al., 2003).   

The use of  organic matter such as  compost and manure to improve the sandy soil fertility in Northern 

Lombok has been reported elsewhere.  The result shows that the effects are very short-lived under cropping 

system in dryland,  therefore, there have to be applied in a large amount generally  between 20 to 40  ton  ha-1 

and it means  that  famers have to spend more money.  This practices are also become  more expensive  due to 

the rapid and easely  to decomposition and mineralization of  organic substances  in the tropical regions.  

Recently,  Glaser et al., (2002) propose  the use of more stable substances and has the longterm effect  such as 

biochar, which can be used  to sustain  soil organic C sequestration, in order to improve the soil quality.  

Biochar is a type of charcoal which is  rich in carbon  material  and obtained from heating organic 

biomass (agriculture waste)  under  limited oxygen conditions, which refers to a solid product  that  derived  

from biomass pyrolysis  (Lehman, 2007).  Biochar contains  an aromatic structure, therefore it is chemically  

and biologically more stable in soil and it is resistant  to decompose, as a result the use of biochar has the 

longterm effect in the soil and would be stable for hundreds to thousands of years (Woolf, 2008). Application of  

biochar  into soil  would  change the  soil physical  (Glaser et al.,  2002; Chan et al.,  2008)  and soil  chemical 

properties (Lehman et al ., 2003).  Previous study showed that  biochar  can be used as soil amendment  and will 

be enchaned  soil nutrients availability which lead to increase the soil productivity (Steiner et al., 2008;  Mulyati 

dkk., 2014).  

Biochars can be made from a range of agriculture waste which under vary condition producing 

difference characteristic that will influence the different of soil amendment value for soil.  There are sufficient 

amounts and types of  biomass materials /agriculture waste (residue) to produce biochar. The characteristics  of 

biochar is depended on the source of agriculture waste (biomass) being used such as rice strow, maize stover, 

wood biochar, tobacco stem, rice husk biochar and coconut shell biocahar. Biochar that produces from organic 

materials from plant waste  are usually  low in nutrients content  especially nitrogen compare with  animal 

waste. Hence, in order to obtain the optimal growth and yield of soybean, nitrogen fertilizers  it should be  

added.  

Nitrogen (N) is an essential  macronutrient generally required  in the greatest amounts by plants.  

Nitrogen  plays  an important role  for plant development , growth and yield production (Machsner, 2002).  

Lehmann  et al., (2003) found  the use of biochar  can increase the nitrogen fertilizer efficiency and for 

leguminous plant such as  soybean the use of biochar  can course the biological changes in the soil  especial can 

improve  the ability of  to aquire N  for growth through N fixation (Rondon et al., 2007). The advantages effects 

of biochar on soil and crop growth have been reported widely, however, the responses of biochar from some 

agriculture waste (biomass)  and the nitrogen supply efficiency on  growth and  the uptake of nitrogen by  

soybean plant in the dryland Northern Lombok has not been investigated.   

This study was conducted to evaluate the changes of  soil chemical  properties after incubating for 15 
and 30 days;  and  also to investigate the response of growth and nitrogen content and uptake by soybean plants.  

 

MATERIALS AND METHODS 

 A glasshouse  experiment was conducted in  Faculty of Agriculture, Mataram University. Two set of 

experiments were done, which the first set was incubation and the second set was to grow soybean plants. The 

design was a Completely Randomized Design (CRD), with consisted of two factors under three different 
biochars type namely :  

B0  = without biochar  as control,  

B1 =  tobacco stem biochar,   

B2  =  coconut  shell biochar  

B3  =  rice husk biochar  

Each pot was treated by the same level of biochar (40 kg ha-1) and a treatment without biochar as a 
control; the second factors was nitrogen rates, which consisted of three rates were as follow :  

N0  =  without urea fertilizer 

N1  =   50 kg urea ha
-1

 

N2  =   100 kg urea ha
-1 
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Both of these factors were combined, and obtain 12 treatment combinations. Each treatment  

combination comprised of three replications, so that 36 pot experiment were obtained. Pots were arranged in a 

factorial completely randomized design (CRD).  Representative soil were collected  from the field  on 0 – 20 cm 

depth. Air dried soil were sieved with a 5 mm screen  and mixed thoroughly, the place in 2.5 kg portion of the 

plastic bags fitted inside plastic pots. All treatment (the first and the second sets) were received basic fertilizers of 

150 kg SP36 ha-1 and 100 kg KCl ha-1 according to the famer practices. Each pot was added the water until 

reached of the field capacity, then incubated for 15 and 30 days. Soil sampel was taken from each pot to test the 

soil chemical properties. After that, Grobogan variety  of soybeans were grown until their reached maximum 

vegetative growth for measurement of nitrogen uptake by soybean plants.  Some  soil chemical properties of 

soil that used in this experiments were  presented in Table 1 and  biochars  in Table 2. 
  

Table 1. Initial Soil Chemical Properties  For The Experiment. 

 

Parameter Method Unit Value Status 

Organic-C Walkley & Black % 0.81 very low* 

Total-N Kjeldahl % 0.07 very low* 

P2O5 Bray I Ppm 20.77 very high* 

K IAAS me% 5.49 very low * 

CEC 

NH4 acetic 1 mol 

pH=7 me% 8.21 

low* 

pH pH meter 

 

6.1 slightly acid* 

EC EC meter µS/cm 44.53  

Soil Moisture Gravimetry % 1.63  

Field Capcity Gravimetry % 36.12  

BV Gravimetri g cm
-3

 1.23   

BJ Picnometer g cm
-3

 3.31  

Texture Sedimentation 

 

   

% Sand   %  59.82 Texture class : 

%  Silt   %  30.17 Sandy loam** 

%  Clay   %  10.02  

 Keterangan: *Soil Research Centre (1983) in  Rosmarkam dan Yuwono (2002) 

**Triangular Texture  USDA in  Hardjowigeno (2006) 

Table 2. The Karacteristic Of Several Biochars That Used In This Experiment. 

Biochar Types 
pH 

1 : 2.5 

C           

(%) 

N       

(%

) 

C : N P            

(% 

) 

K            

(cmol kg
-

1
) 

CEC              

(cmol kg
-

1
) 

 Tobacco Stem 9.90 34.34 0.63 54.51 0.72 17.40  41.20 

 Coconut Shell 7.65 15.85 0.36 44.03 0.84 1.62 29.20 

 Rice Husk  7.41 17.00 0.28 60.71 0.97 6.07 21.20 

 Soil 6.1 0.81 0.07 11.57 0.21 5.49 8.21 

The method used for  data analyzed were: pH (H2O, measured by using  pH meter; organic carbon,  

determined with the the Walkley and Black (Soil Survey Laboratory Staff, 1992); total N, analyzed by using  

Kjeldahl method;  available-P, extracted with Bray I solution and the concentration was measured with a 

spectrophotometer; CEC,  extracted with 1M NH4Oac (buffered at pH 7.0), and exchangeable K was measured 

using AAS (Shimatzu).  Shoot dry weights were determinated by cutting plant on above ground, and after that 

shoot dry weights were  oven dried at temperature of 70o C until  constant weight was reached.  
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 Data  collected were analyzed statistically using the analysis of variance (ANOVA) and the significant 

difference among the treatments was tested by Honestly significant difference (P=0.05) using MINITAB 
program.  

 

RESULTS AND DISCUSSION  

Change in Soil Chemical After Incubation  

Three type of biochars  (Tobacco stem, coconut shell and Rice husk) and nitrogen rates (0, 50, 100  kg 

urea ha-1) were incorporated in to 2.5 kg air-dried soil. Each treatment was set up in triplicate, water then mixed 

into each treatment to obtain a soil moisture content representing of the field capacity. This treated soils  were  

laboratory incubated for 15 and 30 days. Soil samples were collected and analyzed for the soil chemical 
properties (Table 3), including soil pH, CEC, total organic carbon and nitrogen total in the  soil after incubation.  

Table 3. The Change Of  Soil pH and CEC  At 15 And 30 Days After Incubation 

 

Treatments 

Incubation (15 days)* Incubation (30 days)* 

pH (H2O) CEC (cmol kg
-
) pH (H2O) CEC (cmol kg

-1
) 

B0 

B1 

B2 

B3 

BNJ (5%) 

6.44  a  

7.23  a 

6.49  b 

6.69  b 

      0.20 

70.13  a 

68.36  a 

71.23  a 

41.64  b 

        10.89 

6.30  b 

7.30  a 

6.32  b 

6.48  b 

        0.22 

39.46  a 

48.16  a 

43.96  a 

41.79  a 

Ns 

N0 

N1 

N2 

BNJ (5%) 

6.52  b 

6.65  b 

6.97  a 

      0.17 

67.61  a 

61.61  a 

59.29  a 

ns 

6.57  a 

6.60  a 

6.63  a 

Ns 

45.62  a 

42.72  a 

41.68 a 

ns 
* Means followed by the same letter in the same column are not significantly different by HSD test at 

5%. 

Data on soil chemical changes in 15 and 30 days after incubation indicated that under the different  

biochar types and nitrogen rates had different soil  chemical characteristics, hence, it  will be have different 

response in plant growth. There was a significant difference between the biochar types. The use of biochar can 

increase the soil pH and cation exchange capacity  (CEC). The increase of soil pH through biochar applications 

can  be used  to ameliorate the soil properties especially for soil with low in pH and also improved the CEC. 

Due to the sandy soil in Northen Lombok which has very course in texture, therefore,  the application of 

biochars attributed to  the increase of water and nutrient retention (Mulyati et al., 2014a). The increment of the  

CEC in rice husk biochar was higher than in coconut shell and tobacco stem biochar. Hence, rice husk biochar 

has a high potential in improving soil physical and chemical properties.  Recent study  reveal  that the organic  

carbon was increased by  the use of biochar. 

The mean values of soil carbon organic total and  nitrogen total in the soil after incubation  between the 

treatments were different depend on the kind of agriculture residues (Table 3), due to the characteristics of each 

biochar.  Application of biochars indicated a significantly different on C-organic total. Tobacco stem biochar  

had the highest contribution of C-organic and N-total to the soil. On the other hand, there were quite similar or 

no significantly  different between coconut shell and rice husk biochars. However, similar soil organic carbon  

concentrations was  also present in the soil  after 15 and 30 days after incubation. These fenomenon indicated 

that no significant loss of biochars during the incubation. It was evidence  that biochars  had  high stability and 

long term effect in the soil  with respect to C sequestration (Glaser et al., 2002). 
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Table 4. Effect of biochar types and nitrogen rates on soil organic carbon (%) and nitrogen 

total (%)  at  in  15 and 30 days after incubation (DAI).  

 

Treatments 

Incubation (15 days)* Incubation (30 days)* 

C-org (%) Total-N (%) C-org (%) Total-N (%) 

B0 

B1 

B2 

B3 

BNJ (5%) 

8.64 c 

19.55 a 

13.87 b 

15.71 b 

   2.03 

       0.1367 c 

       0.1711 a 

       0.1544 b 

       0.1478 bc 

       0.0072 

     10.95 b 

     16.60 ab 

     14.81 a 

     14.83 a 

        2.29 

0.13 c 

0.17 a 

0.15 b 

0.15 b 

0.001 

N0 

N1 

N2 

BNJ (5%) 

13.59  b 

13.74  b 

15.99  a 

  1.75 

0.15  a 

0.15  a 

0.15 a 

ns 

17.29  a 

15.69  a 

16.78  a 

Ns 

  0.14  a 

0.15 a 

  0.15  a 

Ns 

* Means followed by the same letter in the same column are not significantly different by HSD test 

at 5%. 

Growth and Sympton Development  

Visible N deficiency  symptoms was observed at soybean growth with absence of N and without 

biochar supply.  Plant height and the leaf numbers at maximum vegetative  growth were shown in Table 5.  

Both indicated  that no  significant  difference among the treatment.   

There were no significant difference  among treatments for plant height and number of leaves both at 

15 and 30 days after incubation ( Table 5). However,  shoot dry weights  for 15 and 30 DAI indicated that there 

were a significant difference between the treatments. Application of coconut shell biochar has the highest shoot 

dry weight compared with tobacco stem and rice husk biochars. On the other hand,  application of N  rates did 

not affect the shoot dry weight.  

Response of biochar applications  and N rates on the number of soybean pods  by day 15  and 30  after 

incubation (DAI) can be seen at the Figure 1. Analysis variance  indicated that there was no significant effect  

between  the number of  soybean pods  at 15 and 30 DAI. The lowerst number of  soybean pods was found at 

treatment without N application both at with or without biochar applied.  

Table 5.  Response of biochar applications  and N rates on soybean growth at maximum 

vegetative growth  by  day 15  and 30  after incubation (DAI).  

Treatments 

Growth componens 

Plant heght (cm) Leaf numbers Shoot dry weight (g) 

15 DAI 30 DAI   15 DAI 30 DAI 15 DAI 30 DAI 

B0 

B1 

B2 

B3 

HSD 5% 

65.2 a 74.1 a 17.8 a 19.8 a 2.03 b 2.71 ab 

71.5 a 76.6 a 20.8 a 20.7 a 2.75 a 2.31 b 

67.2 a 78.2 a 18.7 a 22.7 a  2.36 ab 3.03 a 

69.4 a 

ns 

76.6 a 

ns 

20.9 a 

ns 

20.4 a 

ns 

 2.38 ab 

0.43 

 2.82 ab 

0.23 

N0 

N1 

N2 

HSD 5% 

65.8 a 

71.9 a 

67.3 a 

ns 

71.8 a 

78.4 a 

76.0 a 

ns 

20.3 a 

18.8 a 

19.5 a 

ns 

20.3 a 

18.8 a 

19.5 a 

ns 

2.33 a 

2.54 a 

2.26 a 

Ns 

2.67 a 

2.96 a 

2.53 a 

ns 
* Means followed by the same letter in the same column are not significantly different by HSD test at 

5%. 
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Based on the statistically analysis showed that there was no interaction between biochars 

application and N rates on the soybean pod weights (Figure 2). It is clearly shown that the highest soybean 

pod weight was 10.74 g obtained at the combination treatment of rice husk biochar (B3) and 50 kg urea ha-1 

(N1) and showed no different with B0N2. In these regard,  biochars application can increase N use efficiency  

by plans.   

 
  

 

 

These results similar to previous study conducted by  Glaser et al., (2002) and Lehmann et al., (2003), 

implied that biochar had an important role in lowering N-rates for soybean growth and yield. It is possible that N 

use efficiency occurred due to the better by applying biochar which the soil quality and enchanced the formation 

of noodles, eventually increased the N fixation.  The formation of soybean noodles is affected by the nutrients 

concentration in the soil such as P, K, Ca, S and Mo (Collino, 2000).  
 

CONCLUSIONS 

1 The application of biochar significantly improved the soil quality especially for soil pH, soil organic carbon 

(SOC), cation exchange capacity (CEC) both  at 15 days after incubation.  

2 Soil without  biochar added  had the lowest levels of total N and the highest total N was obtained in tobacco 

stem.  

3 There was no  interaction  between  the biochars and nitrogen rates on soybean growth and yield. Soil 
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Figure 1. Effect of biochar application  and N rates on the number of soybean 

pods  at 15 and 30 days after incubation.  

Figure 2. Effect of biochar application  and N rates on the weight of 

soybeands.   
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without  biochar added  has the lowest levels of total N and the highest total N was obtained on tobacco 

stem. 

4 Adding biochar had significant effects on the number of  leaves  and seeds, but no significant effects on plant 

height, shoot dry weight,  number of  soybean pods and the weight of pods.  

 

Therefore, further research should be done to investigate  if  the application of biochar  had  a residual 

effect for the next cropping.  
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