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A green house experiment was carried out to study the effect of nitrogen enriched biochar on the growth 
of maize and the efficiency of nitrogen fertilization. Maize was planted in soils with different soil texture 
(sandy, loamy, and clay) and applied with: (i) Non biochar, (ii) biochar, (iii) Biochar enriched with 
ammonium sulfate, (iv) biochar enriched with nitrate acid. These 12 treatments combinations were 
arranged in a fully randomized design with 3 replications. The result showed that in sandy soil,  the 
growth of both the first and second maize planted in nitrogen enriched biochar was better than that of 
planted in non-biochar treated soil, but did not significantly different with the maize planted on biochar 
treated soil. In loamy and clay soil, application of biochar and enriched biochar did not significantly 
influence the growth of the first maize. In all soil, there was a significant residual effect of biochar and 
enriched biochar on maize growth. After harvesting the second maize, biochar and enriched biochar 
application significantly increased soil aggregate water stability and soil water availability in sandy soil, 
but not in loamy and clay soil. In sandy and loamy soil, biochar and enriched biochar increased soil 
organic and cation exchange capacity, but in clay soil their application only increased soil organic 
matter. 
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INTRODUCTION 

Regardless of its controversy (Ernsting, and 
Smolker , 2009; Senjen , 2009),  biochar has been 
considered  as a prospective soil amendment 
(Woolf, 2008).  In addition, with its stable carbon 
compound, biochar is also believed good for 
climate mitigation (Woolf et al., 2010). As a soil 
amendment, a lot of studies had proven that 
biochar possess more advantages compare to the 
conventional organic matter resourses, because 
bicohar was not only improve soil productivity and 
increase crop yield, its effect was lasting for a 
longer time (Downie et al., 2009; Islami et al., 

2013) 
The effect of biochar application on maize (Zea 
mays L.) growth and yield has been widely 
studied. Some studies showed that application 
biochar did not influence maize yield (Karer et al., 
2013; Zhu et al., 2015), but  some others showed 
a contrary results (Cornelissen et al., 2012; 
Sukartono et al., 2011; Widowati et al., 2012). The 
increase of maize yield with biochar application 
was believed  due to the improvement of soil 
fertility status, either soil chemical (Liang et al., 
2006; Sukartono et al., 2011; Zhu et al., 2014), 
physical (Chan et al., 2007; Islami et al., 2011), 
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and biological fertility (Rondon et al., 2007; 
Warnock et al., 2007). The improvement of soil 
fertility status has been shown capable of 
increasing root growth and distribution (Utomo 
and Islami, 2014), and hence increased plant 
nutrient uptake (Karer et al., 2013; Satriawan and 
Handayanto, 2014). 

Since biochar has a high negative charge, 
application of biochar increased soil cation 
exchange capacity (Liang et al., 2006), and 
therefore it will increase plant nutrient absorption, 
especially those are in the cation form, such as K+ 
and NH4

+.  Widowati et al. (2011) found that in 
biochar treated soil the form of nitrogen 
compound released from urea fertilizer was 
dominated by NH4

+. These phenomena would 
reduce plant nutrient loss due to leaching, and 
hence increase fertilization efficiency (Widowati et 
al., 2012; Zhu et al., 2014)  Utomo and Islami 
(2013), showed that  to produce the same yield, 
maize planted in biochar treated soil required less 
N fertilizer compared to that of planted in non 
biochar treated soil.  

It was though that the high negative charge of 
biochar would not only able to increase soil cation 
exchange capacity, but also causing biochar has 
the high ability to adsorb cation plant nutrient.  
Taghizadeh-Toosi et al., (2012) showed that 
nitrogen in biochar enriched with ammonium was 
available to plant. Wisnubroto et al., (2017) 
compared the release of nitrogen from ammonium 
and nitrate enriched biochar, and the result 
showed that, in submerged condition, ammonium 
enriched biochar was relatively better. To test the 
above suggestion, green house experiment was 
carried out to investigate the effect of ammonium 
enriched biochar on the growth of maize. The 
residual effect of enriched biochar was also 
investigated. 
 
MATERIALS AND METHODS 

Biochar production and enrichment 
Biochar was made from corncobs and 

produced according to method described by 
Masulili et al., (2010) at temperature of 3000 C. 
Biochar production was done at the Bio-energy 
laboratory University Tribhuwana Tunggadewi, 
Malang, Indonesia. The enrichment of biochar 
was done by the modification of the technique 
described by Taghizadeh-Tossi et al., (2012) for 
ammonium and the Jassal et al., (2015) for 
nitrate. The detail biochar production and 
enrichment method can be seen in Wisnubroto et 
al., (2017).  

Green house experiment 
Maize, Nakula composite variety, was grown 

in three soil types with different texture (sandy, 
loamy, and clay). The sandy soil was taken from 
Wajak, Malang, East Java, Indonesia; the loamy 
soil from Lowokwaru, Malang, East Java, 
Indonesia; and the clay soil was taken from 
Ngimbang, Lamongan, East Java, Indonesia. The 
biochar treatments were: (i) Non Biochar, (ii) 
Biochar, (iii) Ammonium enriched biochar, and (iv) 
Nitrate enriched biochar. These treatment 
combinations (3 soil types with 4 biochar 
treatments) were arranged in a Fully Randomized 
Design with 3 replications. The properties of the 
soils and biochar are presented in Table 1. 

The air dried soil was passed through a 2.0 
mm diameter sieve, after which the soil was 
packed into polybag of about 40 cm diameter and 
50 cm height. Two of maize seeds  were planted 
in this polybag.  All crops were given 50 kg 
K2O/ha, and 54 kg P2O5/ha (area based).  
Potassium was given in the form of Potassium 
Chloride (KCl) and Phosphate (P) in the form of 
Super Phosphate 36 (SP 36).  No biochar and 
Biochar treatment was given 135 kg N/ha in the 
form of Urea. This Urea was given at planting (1/3 
rate), and 30 days after planting (2/3 rate). Water 
content during maize growth was maintained at 
about field capacity. 

Maize was planted on 6 July 2016 and 
harvested at 70 days after planting. 

The second maize was planted after the soil 
was allowed to rest for 60 days.  Data collected 
include plant height, dry biomass, and nitrogen 
uptake at harvest. After harvesting the first and 
second maize, soil sample was taken for soil 
aggregate water stability, available soil water 
content, soil pH, cation exchange capacity (CEC), 
C and N content measurement. 

Soil aggregate water stability was determined 
by wet sieving method according to described by 
Utomo and Dexter (1982).  Twenty g of air dry soil 
aggregate of 4.0 – 4.76 mm diameter were 
equilibrated to a potential matrix of –30 kPa in a 
pressure plate apparatus, after which they were 
put on a series of sieves with diameter of 4.0 mm; 
2.0 mm; 1.41 mm; 1.00 mm and 0.5 mm. The 
sieves with soil aggregate on them, were then 
shaken up and down under water (20 mm 
amplitude with a frequency of 40 times per min) 
for 10 minutes. The aggregates retained on each 
sieve were oven-dried and weighed. 
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Table 1.Some properties of soils and biochar used in the experiment 

Soil Soil and biochar  properties 

pH C (%) N (%) CEC 
cmol/kg 

Sand 
(%) 

Clay 
(%) 

Sandy 5.85 0.95 0.11 4.95 62.40 12.28 

Loamy 6.46 1.30 0.14 14.96 24.35 35.20 

Clay 7.02 1.65 0.14 28.28 22.30 55.65 

CCbiochar 8.14 47.06 0.00 14.75 - - 

CCbiocharNH4
+ 7.65 48.04 3.60 16.55 - - 

CCbiocharNO3
- 7.70 45.37 3.36 15.70 -  

 
The results were expressed as the mean 

weight diameter (MWD) of the stable aggregate 
with equation of: 

  MWD = ∑ 𝑑𝑖𝑤𝑖𝑛
𝑖=1  

Where diis the mean diameter of any 
particular size range of aggregates separated by 
sieving, and iwiis the weight of aggregates in that 
size range as a fraction of the total dry weight of 
soil used. Available soil water content was the 
sum difference of water content between matrix 
potential of –30 kPaand  –15 Mpa.  

Soil pH in H2O solution (1:2.5 ratios) was read 
with a pH meter (Jenway 3305). The 
measurement of soil organic matter content was 
done with wet oxidation of  the Walkley and Black 
method(Soil Surve Staff, 1992). Total soil-nitrogen 
determination was done with the Kjeldhal method 
(Bremner and Mulvaney, 1982). Cation exhange 
capacity was measured by extracting the soil with 
1M NH4Oac (buffered at pH 7.0), and the total 
NH4+ adsorbed was determined with kjeldahl 
distillation. 

The efficiency of nitrogen fertilizer application 
was calculated by equation: 

Nef =  
N total in treated maize) − (N total in control maize) 

Applied N
 x 100% 

Nitrogen uptake of the control maize was 
obtained from the unfertilized rice  that planted for 
each soil with no nitrogen fertilizers. 

Analysis of Variant was performed for data 
analysis. If there was a significant different, then a 
further analysis was done with Least Significant 
Different with the probability of 5% 
 
RESULTS 

Maize growth 
Until 15 days after planting, the biochar and 

nitrogen enriched biochar did not significantly 
influence plant height the first maize (Table 2). At 
30 days after planting and after, biochar 
application in sandy and clay soils significantly 
influenced plant height, but not in loamy soil. 

The result presented in Table 2 show that  

 
maize grown in non-biochar sandy soil possessed 
the lowest plant height compared to the other 
treatments. In this soil, application of biochar and 
nitrogen enriched biochar significantly increased 
plant height. Therefore plant height of maize 
grown in these treatments did not significantly 
different with that of maize planted in loamy and 
clay soils.  In loamy soil, biochar and enriched 
biochar application did not significantly influenced 
plant height at all time of measurement. A 
different phenomenon was observed for maize 
planted in clay soil. In this soil, maize grown in 
ammonium enriched biochar treatment  was 
significantly higher than that of grown in non 
biochar treated soil, but did not significantly 
different with that of grown in nitrate enriched 
biochar or biochar treatment only.  

Furthermore, the result given in Table 2 also 
show that at 45 days after planting, maize grown 
in clay soil applied with ammonium enriched 
biochar possessed the highest plant height  
(123.2 cm). The lowest plant height (96.2 cm) was 
observed for maize planted in sandy soil without 
biochar application.  

The effect of residual biochar and enriched 
biochar application on plant height and dry matter 
yield was different for each soil texture. In sandy 
soil, residual biochar and nitrogen enriched 
biochar significantly improved maize growth 
(Table 3). Furthermore, maize planted on 
ammonium enriched biochar had a higher plant 
height and dry matter yield compared to that of  
planted on biochar treated soil. In a loamy and 
clay soil, the growth of maize on biochar and 
enriched biochar significantly better than that of 
planted on non biochar soil. However, plant height 
and dry matter yield of maize grown on biochar 
and enriched biochar treatment was not 
significantly different.  

The results presented in Table 3 also show 
that in all treatments, the growth of the first maize 
was better than that of the second maize.  
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Table 2. The growth of the first maize 

Treatment Plant height of the first maize (cm) 

Soil Biochar 7 dap*) 15 dap 30 dap 45 dap 

Sandy 

Non biochar 12.5 a 29.3  a 58.2  a 96.2 a 

CCbiochar 12.2 a 34.6 a 68.8 bc 115.5 bc 

CCbiochar NH4
+ 13.0 a 35.6 a 67.4 b 116.4 bc 

CCbiochar NO3
- 12.9 a 34.2 a 67.3 b 115.4 bc 

Loamy 

Non biochar 13.1 a 32.5 a 74.3 bcd 112.7 b 

CCbiochar 12.8 a 34.5 a 74.6 bcd 113.5 bc 

CCbiochar NH4
+ 13.0 a 36.7 a 80.6 d 120.6 bc 

CCbiochar NO3
- 13.2 a 36.8 a 77.5 cd 119.4 bc 

Clay 

Non biochar 12.4 a 35.7 a 74.5 cd 112.5 b 

CCbiochar 11.9 a 36.5 a 73.6 bcd 115.2 bc 

CCbiochar NH4
+ 12.9 a 36.6 a 80.3 d 123.2 c 

CCbiochar NO3
- 13.0 a 36.6 a 80.0 d 119.8 bc 

*)dap: days after planting 
Means followed by the same letters is the same column are not significantly different (p=0.05) 

 

Table 3. Plant height and dry matter yield at 70 days after planting of maize at different soils and 
biochar treatments 

Treatment First maize Second maize 

Soil Biochar 
Plant height   

(cm) 
Dry mater  
(g/plant) 

Plant height  
(cm) 

Dry 
matter  

(g/plant) 

Sandy 

Non biochar 135.2   a 50.2 a 117.0  a 43.4 a 

CCbiochar 147.6  b 72.2 bc 126.6  ab 51.2  b 

CCbiochar NH4
+ 151.3  bc 74.0 bc 143.2  c 64.7  cd 

CCbiochar NO3
- 148.2   bc 71.3 b 135.3  bc 62.4  cd 

Loamy 

Non biochar 153.6   bcd 73.3 bc 135.4  bc 51.6   b 

CCbiochar 161.5   d 80.8 d 145.2  c 69.7  e 

CCbiochar NH4
+ 159.8  d 80.9 d 144.8  c 69.3  e 

CCbiochar NO3
- 157.8  cd 76.2 bcd 145.8  c 68.6 de 

Clay 

Non biochar 154.6  bcd 74.4 bc 135.6   bc 50.3  b 

CCbiochar 155.6  bcd 76.2 bcd 138.8   c 63.8  cde 

CCbiochar NH4
+ 157.7  cd 77.3 cd 145.5  c 67.3  de 

CCbiochar NO3
- 158.0  cd 76.9 cd 144.6  c 67.4 de 

*) Means followed by the same letters is the same column are not significantly different (p=0.05) 

Table 4. Effect of enriched biochar application on some soil physical properties after 
harvesting maize 

Treatment First maize Second maize 

Soil Biochar 
MWD 
(mm) 

Available 
water content 

(%) 

MWD 
(mm) 

Available 
water content 

(%) 

Sandy 

Non biochar 1.45 a 11.25 a 1.56 a 11.35 a 

CCbiochar 1.41 a 10.60a 2.16 b 15.87 bc 

CCbiochar NH4
+ 1.56 ab 11.08a 2.05 ab 16.05 bc 

CCbiochar NO3
- 1.38 a 11.35a 2.07 b 16.12 bc 

Loamy 

Non biochar 2.19 bcd 18.05bc 2.15 b 17.98 c 

CCbiochar 2.23 bcd 18.38bc 2.25 b 18.05 c 

CCbiochar NH4
+ 2.05 abc 18.56bc 2.35 b 19.21 cd 

CCbiochar NO3
- 2.22 bcd 17.65b 2.30 b 18.44 c 

Clay 

Non biochar 2.68 d 23.48c 2.89 c 23.05 de 

CCbiochar 2.71d 23.05 c 2.81 24.32 e 

CCbiochar NH4
+ 2.74d 22.94bc 2.91 23.98 e 

CCbiochar NO3
- 2.69d 23.23c 2.88 24.05 d 

*) Means followed by the same letters is the same column are not significantly different (p=0.05) 
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The highest dry matter yield of the first crop 
(80.9 g/plant) was obtained by maize grown in 
loamy soil applied with ammonium enriched 
biochar,  and the highest dry matter yield of the 
second crop was only 69.7 g/plant which  
obtained by maize grown in biochar applied  
loamy soil.   

Soil Qualities  
The results presented in Table 4 show that 

after harvesting the first maize, in all soil type, 
application of biochar and nitrogen enriched 
biochar did not significantly influenced soil 
agrregate stability and available water content. 
Soil aggregate stability and available water 
content was only influenced by soil type; sandy 
soil had the lowest soil aggregate stability and 
available water content. After harvesting the 
second maize, however application of biochar and 
nitrogen enriched biochar significantly increased 
soil aggregate water stability and available water 
content in sandy soil. In loamy and clay soil, 
although there was a tendency for increasing soil 
aggregate stability and available water content 
with biochar application, these differences were 
not significant. 

On sandy soil, the application of biochar and 
enriched biochar  significantly increased  soil pH, 
cation exchange capacity, carbon and nitrogen 
content  (Table 5). However, except nitrogen 
content, the other soil chemical properties in 
biochar and enriched biochar treated sandy soil 

was not significantly different. Furthermore,  the 
results presented in Table 5 also show that, on 
Loamy soil,  biochar and enriched biochar 
application  increased soil carbon content and 
cation exchange capacity, and in clay soil only 
increased soil carbon content. 

The effect of biochar and enriched biochar on 
the efficiency of nitrogen content and nitrogen 
fertilization of the first maize was given in Table 6. 
In sandy soil, nitrogen content of maize planted in 
nitrogen enriched biochar treated soil was 
significantly higher  than that of planted on non 
biochar and biochar treated soil. In loamy and clay 
soil, however, nitrogen content of maize planted in 
biochar and nitrogen enrched biochar was not 
significantly different. 

The results in Table 6 also show that in all 
soil, application of biochar and nitrogen enriched 
biochar significantly increased nitrogen fertilization 
efficiency. If there was no biochar application the 
fertilization efficiency varied from 12.00 % in 
sandy soil to about 19% in loamy and clay soil. 

The increase of fertilization efficiency in sandy 
soil was higher compared to that of in loamy or 
clay soil. The fertilization efficiency of biochar and 
nitrogen enriched biochar was not significantly 
different.  

 
 
 

 
 

Table 5. Effect of enriched biochar application on some soil chemical properties after harvesting 
maize the first maize 

Biochar 

pH C (%) N (%) CEC ( cmol/kg) 

Sandy 
 soil 

Loamy 
 soil 

Clay  
soil 

Sandy 
  soil 

Loamy 
 soil 

Clay 
 soil 

Sandy 
 soil 

Loamy 
 soil 

Clay 
 soil 

Sandy 
 soil 

Loamy 
 soil 

Clay 
 soil 

Non biochar 5.94a 6.56a 7.16a 0.95a 1.32a 1.55a 0.10a 0.13a 0.15a 5.04a 13.56a 27.95a 

Biochar 6.48 b 7.05a 7.05a 1.45b 1.78b 2.05b 0.14ab 0.18bc 0.23bc 8.46b 15.67b 28.18a 

BiocharNH4
+ 6.26ab 6.47a 6.47a 1.50b 1.86b 1.96b 0.17b 0.21c 0.26c 8.07b 15.87b 28.43a 

BiocharNO3
- 6.34ab 6.96a 6.96a 1.47b 1.87b 2.03b 0.16b 0.16ab 0.19ab 7.95b 16.08b 28.67a 

*) Means followed by the same letters is the same column are not significantly different (p=0.05) 
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Table 6. Effect of nitrogen enriched biochar on the N content and  N-fertilization efficiency of 
maize planted in soils with different 

Treatment Ncontent N uptake N input N  Efficiency 

Soil Biochar (%) (g/pot) (g/pot) (%) 

Sandy Non biochar 1.28 a 0.64 a 3.75 12.00 a 

CC biochar 1.76 b 1.27b 3.75 25.33 bc 

CCbiochar NH4
+ 2.15 c 1.59bc 4.50 28.22 c 

CC biochar NO3
- 2.08 c 1.48 bc 4.17 27.81 c 

Loamy Non biochar 1.78 b 1.30bc 3.75 19.46 b 

CCbiochar 2.06 c 1.66 bcd 3.75 29.06 c 

CCbiochar NH4
+ 2.35 cd 1.90d 4.50 29.55 c 

CCbiochar NO3
- 2.26 cd 1.72d 4.17 27.57 c 

Clay Non biochar 1.82 b 1.35bc 3.75 19.73 b 

CCbiochar 2.15 cd 1.64bcd 3.75 27.46 c 

CCbiochar NH4
+ 2.44 d      1.88d 4.50 28.22 c 

CC biochar NO3
- 2.38 cd      1.83d 4.17 29.25 c 

*) means followed by the same letters for the same characteristics is not significantly different (p = 0.05) 
 
 
DISCUSSION 

It has been shown that he growth of the first 
maize in enriched biochar treated soil was not 
difference with the growth of maize in nitrogen 
fertilizer soil (Tables 2 and 3).  These results 
indicated that biochar can be used as the carrier 
for nitrogen plant nutrient. This suggestion was 
supported by the significant effect of residual 
enriched biochar.  The results in Table 3 show 
that the growth of the second maize in nitrogen 
enriched biochar treated soils was better than the 
growth of maize in nonbiochar treated soils. With 
their high negative charge (Table 1) biochar would 
adsorb positive plant nutrient, such as  NH4

+, 
easily. It is interesting to notice that biochar can 
also adsorb negative plant nutrient (NO3

-), but this 
phenomenon has also be found and explained by 
Jassal et al.,(2015). Furthermore, the results in 
Tables 2 and 3 show that biochar and enriched 
biochar application significantly improved maize 
growth in sandy soil. However, in loamy and clay 
soil, the phenomenon was different. Although 
there was a tendency that biochar application 
improved maize growth, but the difference was 
not significantly different. These results indicated 
that in a relative good soil, the effect of biochar is 
still questionable. A similar result had been 
reported by Karer et al., (2013), Zhu et al., (2015). 

Those phenomena could be explained by 
looking the properties of biochar and enriched 
biochar (table 1) and their  effect on chemical soil 
properties (Table 5). In sandy soil, biochar and 
enriched biochar application significantly 
increased cation exchange capacity. The increase 
in cation exchange capacity with application of 

biochar had also reported by Liang et al., (2006). 
The increase in cation exchange capacity would 
increase nitrogen adsorption, especially those in 
the form of NH4

+, and hence could decrease 
nitrogen loss. This suggestion was in agreement 
with the high soil nitrogen content in biochar and 
enriched biochar treated soil.  The results in Table 
5 show that after harvesting the first maize soil 
nitrogen content in biochar treated sandy soil 
varied from 0.14 to 0.17%, and significantly higher 
than that of in non biochar sandy soil (0.10%).    

The higher soil nitrogen content in biochar 
and enriched biochar treated soil also occurred in 
loamy and clay soils.(Table 5).  This higher soil 
nitrogen content resulted in a taller maize with 
higher dry matter yield of the second maize (Table 
3). Looking in a more detail, the effect of residual 
biochar and biochar application in sandy soil was 
different with their effect in loamy and clay soil. In 
sandy soil, the maize in enriched biochar was 
taller and yielded a higher dry matter compared to 
the maize in biochar treated soil. This was not te 
case with the maize in loamy and clay soils. The 
growth of maize planted in biochar and enriched 
biochar treated soils was not significantly different   

The better growth of maize planted in the 
biochar and enriched biochar soils, especially for 
the second maize, was partly caused by the 
improvement of soil fertility status. In addition of 
improving soil chemical fertility (Table 5), biochar 
and enriched biochar application increase soil 
aggregation and soil water availability (Table 4). 
The improvement of soil physical with biochar 
application had been by previous researchers 
(Chan et al., 2007; Islami et al., 2011) 

The better nitrogen fertilization efficiency of 
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biochar and enriched biochar treated soils (Table 
6) was reasonable. With the improvement of soil 
fertility status of those treated soils, and 
decreasing of nitrogen loss, the uptake of soil 
nitrogen increased (Table6), and hence increasing 
fertilization efficiency. The decrease in nitrogen 
loss in biochar treated soil had been shown by 
Zhu et al., (2014), and the increase in nitrogen 
fertilization efficiency with biochar application had 
been shown by Utomo and Islami (2013). 

CONCLUSION 
The experimental results discussed above 

showed that, in sandy soil,  the growth of both the 
first and second maize planted on nitrogen 
enriched biochar was better than that of planted 
on non-biochar treated soil, but did not 
significantly different with tha maize planted on 
biochar treated soil. On loamy and clay soil, the 
growth of the first maize planted on non biochar, 
biochar and nitrogen enriched biochar did not 
significantly different. In all soil, there was a 
significant residual effect of biochar and nitrogen 
enriched biochar on maize growth. After 
harvesting the second maize, bio char and 
nitrogen enriched biochar application significantly 
increase soil aggregate water stability and soil 
water availability in sandy soil, but not in loamy 
and clay soil. In sandy and loamy soil, biochar and 
nitrogen enriched biochar increased soil organic 
and cation exchange capacity, but in clay soil their 
application only increased soil organic matter. 
Nitrogen enriched biochar application increased 
nitrogen fertilizer application.  
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