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Abstract - Ultisols is a soil order having been further weathered.  The soil which is dominated by claycan retain high 
amount of water, but less available for plant growth.  This research was aimed to evaluate the role of biochar in improving  
plant available water for corn growth at Ultisol as a suboptimal soil.  Biochar was applied for 0 and 4 t/ha and mixed 
uniformly with soil.  By using polybag, corn was planted and maintained under field capacity until the crop was 6 weeks in 
age after emergency.  For the following 4 weeks (between 1.5 – 2.5 months old) the crops were treated with different 
frequency (once a day, once in two days, and once in three days) of watering.  The result showed that plant height was 
significantly different between with and without application of biochar and.  Watering frequency gave significant impact on 
corn growth and yield, as well.  Corn dry matter(DM) slightly increased by biochar application, but limiting watering 
frequency from once a day to once in two days or in three days significantly decreased the total corn DM.It was concluded 
that biochar was able to retaine more water for a longer time available for corn growth.   
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I. INTRODUCTION 
 
Ultisol is a soil order classified as further weathered 
soil with high clay content.  The soil is used to have a 
good drainage, and has yellowish redin color.  It can 
retain a lot of water.UltisolLimauManishad 1.33 void 
ratio and could hold 48% water per its soil volume 
unitunder normal condition in the field site 
(Yulnafatmawitaet al., 2014), but less available for 
plant growth.  It is due to the fact that the water is 
highly adsorbed(with >15 atmosphere) by soil matrix 
within micropores.  Therefore, plants growing in the 
soils are often bothered by water stress.  
In tropical regions, the soils have generally low in 
organic matter.  This is due to the effect of high 
temperature and soil moisture providing conducive 
environment for the activity of degrading 
microorganisms, otherwise it is forested.  As reported 
that Ultisols under secondary forest as well as under 
mix garden in tropical regionWestSumatra, the SOM 
reached 7% (Yulnafatmawita, 2016), but it was about 
1% under cultivated farming land (Yulnafatmawitaet 
al, 2014). 
 
Ultisols was taken from LimauManis, Padang city, a 
wet tropical area having >5000 mm annual rainfall 
(Yulnafatmawita and Adrinal, 2014).  Based on 
Schmidt and Ferguson, the area of the soil location 
belongs to very wet with value of Q<0.1 (Climate 
type Af). The organic matter content of the soil was 
very low or just 1.2%(Yulnafatmawitaet al., 2014).  
That value (≤2.0%) of SOM content belonged to 
critical value for the soil (Lal, 2016). 
Furthermore, the clay content was quite high 
(>60%)(Yulnafatmawitaet al, 2013) or even >80% 
(Yulnafatmawitaet al., 2014).  High clay content 
combined with low SOM content, therefore this soil 

was dominated by micropores which strongly hold 
water. 
Biochar is a kind of amendment for farming soil.  It 
can improve soil physical properties, such as bulk 
density, total pore, as well as soil water retention for 
plant growth.  Jindo et al (2014) found that biochar 
has large surface area, and high adsorption 
characteristics. Since the biochar is quite porous, the 
water retained is easily available for plant growth.  
Tang et al.(2013) had proved that biocharwas 
effective in improving soil properties and increasing 
crop biomass. 
Besides improving physical properties, biochar was 
also able to absorb toxic elements.  As reported by 
Rizwan et al (2016) that biochar application can 
reduce trace element stress in soil.  This is very 
valuable to anticipated Al-toxicity in Ultisols.  
UltisolLimauManis was reported to have high Al-
saturation (Hakim et al., 2004) that causes toxic for 
crop growth.  Therefore, cash crops planted in the 
soils were attacked by Al-toxicity.  
Based on the function in retaining more water as well 
as its capaxity in absorbing toxic elementsin soil, 
biochar was applied in this suboptimal soil to find out 
the effect in improving plant available water (PAW) 
capacity for corn growth and yield at Ultisols. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
This research was conducted in form of pot trial 
experiment.  The treatment consisted of two factors 
(biochar and and manure materials) which were 
applied to soil. 
Soil from ordoUltisols was taken from 0-20 cm soil 
depth at Agriculture Experiment Station 
AndalasUniversity in LimauManis, Padang city, 
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Indonesia.  The soil samples were air dried in 
laboratory, and then ground before being sieved using 
a 2-mm sieve.   The soil was divided into 2 parts, one 
part was mixed with 4 t biochar/ha or equal to 64 
g/pot (based on plant spacing 80 cm x 20 cm), 
another part was without biochar addition.  The soil 
of each treatment was put into polybag, with 16 
replications.  There were 32 experimental units all 
together which were allocated based on completely 
randomized designed (CRD) in glasshouse.  The soils 
in the pots were watered until field capacity and 
incubated for 2 weeks before corn seeds were 
planted.   
 
Corn seedling was kept one per polybag under field 
capacity until it had 6 weeks old.  Then, frequency of 
watering was applied for the crops until they were 10 
weeks old.  For each treatment, 4 watering frequency 
(twice a day, once a day, once in two days, and once 
in three days) with four replications were applied.  
After the bloom came out, the normal watering 
frequency (once per day) was reapplied until the 
crops were harvested.   
 
Soil samples were analyzed for the soil texture, BD, 
TRP, OM content, and soil water content.  Biochar 
was also analyzed for the characteristics.  Crop 
growth especially plant height, biomass, and the yield 
was also measured. 
 
2.2. Data Analyses 
The mean value of data resulted, especially plant 
height, biomass, and yield was statistically analysed 
the variance using F-test, and then continued using 
LSD at 5% levelof significance if F-calculated > F-
table. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Initial Soil Characteristics 
Soil physical characteristics of Ultisol before being 
treated with biochar were presented in Table 1. 
 
Ultisol as a suboptimal soil found in West Sumatra 
Indonesia had very high (>80%) clay content and 
very low (<2%) soil organic matter content either at 
0-20 cm or at 20-40 cm soil depth.  This caused the 
pores of the soil were dominated by small size pore 
(micro-pore).  Micropores hold more water (>50%) 
but less available for plant growth because it is 
mostly held with high energy especially beyond 
wilting point (>15 atm).   
 
High pore percentage of this soil caused the bulk 
density becomes low (<1000 kg/m3) and total soil 
pore percentage became high.  Even though it had 
high percentage (>60%) of pore space, the infiltration 
rate as well as the hydraulic conductivity was still 
considered low.  Low infiltration rate as well as    
hydraulic conductivity of this soil caused the rainfall 

dropping in the area easily to cause runoff, and finally 
erosion. 
 

No Parameter 
Soil Depth (cm) 
0-20 20-40 

1 Particle size distribution   
 Sand (%) 15.4 12.0 
 Silt (%) 1.8 5.6 
 Clay (%) 81.8 82.4 
2 Texture Class Clay Clay 
3 Bulk Density (kg m-3) 950.0 940.0 
4 Total Pore 64.0 65.0 
5 Hydr. Cond. (mm h-1) 11.2 9.5 
6 Stab. Aggr. Index 0.4 0.4 
7 Infiltration rate (cm h-1) <0.1 <0.1 
8 Soil Moisture (%) 54.1 55.8 
9 Ratio Ruang (e) 1.4 1.3 

10 Degree of Saturation (s) 0.8 0.9 

11 
Soil Color: 

Hue 
Value/Chroma 

 
7.5YR 

6/8 

 
7.5YR 

6/8 
12 SOM (mg/g soil) 19 1 

 
Tabel 1.  Initial soil characteristics of Ultisol taken from 

Agriculture Experiment Station Andalas University, Limau 
Manis Padang 

 
Low OM as well as high clay content of this Ultisol 
caused the soil to be low aggregate stability index 
(≤0.4).  It means that the soil was easy to degrade as 
the soil was watered.  Since the soil was from tropical 
soil having high rainfall (>5000 mm) annually, the 
soil aggregates were easily to be dispersed, and 
finally eroded especially in sloping areas. 
 
3.2  Corn Growth 
Corn growth in this study was indicated cthe crop 
height.  Based on Figure 1 that there was a significant 
effect of corn height as affected by biochar 
application.  Application of 4 t biochar/ha was able to 
improve plant height.  This became an indicator for 
plant production.  The higher the crop was the more 
the biomass produced, as well as the high the 
production could be.   
 
Plant height increasedby 14-24% under watering 
frequency twice/day–once/2 days as Ultisol applied 
with 4 t biochar/ha.  This was probably due to the fact 
that the function of biocharin increasing total soil 
pore holding plant available water (PAW) capacity. 
 
Besides increasing plant available water, biochar was 
also able to reduce toxic element in sub optimal soil, 
especially Al toxicity in Ultisol.  By retaining Al, 
biochar helped crop growth to be better.  As reported 
by Berek et al (2011) that biochar was able to correct 
soil acidity, reduce Al toxicity, and increase crop 
yields.  Dai et al (2017) also suggested that biochar is 
a potentially amendment to prevent soil acidity.  
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Figure 1.  Corn height as affected by biochar and watering 

frequency at Ultisol in glasshouse. 
 
However, at the watering frequency once in three 
days, biochar application reduced plant height by 5% 
compared to crop without biochar application.  This 
probably due to the effect of higher soil pores 
including micropres of biochar which held more 
water beyond wilting points.   
3.3 Corn Yield 
Corn yield as affected by biochar application as well 
as the watering frequency was presented at Figure 2.  
Based on the Figure 2, there were only 3 out of 4 
treatments gave result.   
Figure 2 showed that biochar application significantly 
increased corn yield at all watering frequency, except 
at frequency once in 3 days.  Decrease in watering 
frequency from twice a day to once in 3 days 
decreased corn yield either under with or without 
biochar application.  This was due to the effect of 
water which has vital function for plant growth.  
Water functions not only for dissolving and 
transporting nutrients but also to fill plant cells as 
well as a basic material within photosynthesis 
process.  Therefore, corn production decreased as the 
water available through less watering frequency 
decreased in soil. 
Based onFigure 2, application of 4 t biochar/ha on 
Ultisolincreased corn yield by 44%, 150%, and 97% 
as the watering frequency decreased from twice/day 
to once/day, and to once/2 days, respectively.  The 
highest increase of corn yield at once/day watering 
frequency under biochar application was due to that 
enough water was hold by biochar available for corn 
growth.Pühringer (2016) found that application of 5 
and 10 t biochar/ha to soil significantly increased soil 
moisture for corn production at field site in Siaya, 
Kenya.  While without biochar application, corn yield 
sharply decreased as the watering frequency 
decreased from twice to once a day.  This was due to 
less PAW held by Ultisol without biochar application. 
Under biochar application, there was no significant 
effect for corn yield between twice/day and once/day 
watering frequency.  However, it was significantly 
decreased at once/2 daysfrequency.  While on the 
other hand, under without biochar application, 
decreasing watering frequency from twice/day 

significantly decreased the corn yield at once/day and 
once/2 days.  There was not significantly different 
between once/day and once/2 days watering 
frequency. 
 

 
Figure 2.Corn yield as affected by biochar and watering 

frequency at Ultisol 
 
This was due to the effect of less water available for 
corn growth.  For less water frequency (once in 3 
days), corn crops experienced less water available to 
meet the growth need of corn.  The amount of water 
transpired by crops was higher than the amount of 
water supplied. 
 
CONCLUSIONS 
 
Biochar application as well as watering frequency  for 
corn growth at Ultisol could conclude as follows: 
1. Biochar application significantly increased corn 

growth and yield until watering frequency as low 
as once in two days.  Beyond that, at the lowest 
(once/3days) watering frequency applied, the 
plant height was lower than that without biochar 
application. 

2. Corn growth and yield were significantly 
decreased as decreasing watering frequency 
applied.  There was no yield found under the 
most rarely (once/3 days) watering frequency 

3. Biochar application saved water application by 
50% and increased corn yield by 250% as 
watering frequency was reduced from twice to 
once a day atUltisol. 
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