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Abstract
Background and Objective: Rice is a major staple food in Asia and its productivity is very much influenced among others by the
composition of growing media. This study was carried out to investigate the effect of different growing media composition on the growth
and productivity of Oryza sativa  var. INPARI 30 Ciherang Sub-1. Materials and Methods: Cultivation of Oryza sativa  var. INPARI 30
Ciherang Sub-1 was carried out using a water recirculation system in a screen house located at Institut Teknologi Bandung, Jatinangor
with a light intensity of 17000-20000 lux, temperature of 25-31EC and relative humidity of 35-65%. The composition of the growing media
was varied to determine the best combination of soil, sand, cocopeat, biochar and compost on water holding capacity, plant height,
number leaves, number of tillers, number of effective tillers, weight of biomass and productivity of the harvested rice. Results: The
growing media composition highly influenced  plant  growth  and productivity of the harvested rice. Best results were obtained when
Oryza sativa  var.  INPARI  30  Ciherang Sub-1 was cultivated using soil: compost: biochar (a ratio of 2:2:1)  with an estimated rice
productivity of 0.18 kg mG2 per harvest. Conclusion: It was concluded that an appropriate combination of soil, biochar and compost may
be recommended as a growing media for cultivation of Oryza sativa var. INPARI 30 Ciherang Sub-1 using a water recirculation system.
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INTRODUCTION

Rice (Oryza sativa L.) is a staple food of 50% of world’s
population  with  a  global  productivity  around  518  million
t/year1-3. As the population grows, the need for rice continues
to increase, while the amount of arable land that can be used
for cultivation of various types of crops is limited. One of the
ways to overcome this issue is to replace soil with other
growing media for growing seedlings. Over the past decades,
a lot of studies have been conducted to investigate the effect
of different growing media on growth and productivity of
different plants4-6.

Appropriate type of growing media and its dosage are
crucial to provide mechanical supports to the plants as well as
water and mineral for growth and development of the plants7.
One types of growing media that has been considered as a
promising alternative is biochar due to its ability as nutrient
retention  so  that  plants  can  access  the  nutrients  better8.
In a study by Nemati  et  al.9,  biochar  increases  pH  and
cation-exchange capacity as well as decreases nutrient
leaching up to 11%.

In addition to biochar, coco peat has been reported as
one  of  the best substrates in soilless culture medium10,11.
Coco peat is made of shredded coconut husks and has the
ability as water and air retention. Coco  peat is a hormone-rich
medium that offers plants an ideal rooting medium and
provides protection against root diseases and fungus11.  Unlike
peat moss that is rapidly depleted due to excess use, coco
peat is a completely renewable resources which is an
additional  advantage  for its application as a growing
medium.

Compost is also one of the substrates typically used in
growing medium because it contains a high organic matter
and has a positive effect of the physical, chemical and
biological properties of soils12-14. It has been reported that
compost improves the structure of soil that decreases crust
formation, surface runoff and erosion. The application of
compost results in a higher volume of bonding space, residual
and storage pores but a reduced volume of residual and
storage pores which eventual results in a higher value of total
porosity15. In addition, compost increases  water retention and
hydraulic conductivity of soil16.

Systematic studies that investigate the effects of different
combination of biochar, coco  peat and compost together
with soil and sand on plant growth cultivated using a water
recirculation  system  are  still very scarce. Hence, this study
was carried out to determine the best combination of soil,
sand, coco peat, biochar and compost on water holding
capacity,   plant   height,   number   leaves,   number   of  tillers,

number of effective tillers, weight of biomass and productivity
of Oryza sativa  var. INPARI 30 Ciherang Sub-1 cultivated using
a water recirculation system.

MATERIALS AND METHODS

The seeds of Oryza sativa var. INPARI 30 Ciherang Sub-1
was obtained from Balai Besar Penelitian Tanaman Padi
Indonesia (Indonesian Center for Rice Research), Sukamandi,
West Java. The growing medium used in this study consisted
of ultisol soil, biochar and coco peat as well liquid nano-silica
(brand name: Tenaz) were obtained from a local shop in
Tanjungsari West Java. Compost used in this study was
obtained from a compost processing facility at Institute
Teknologi Bandung whereas coastal sand used in this study
was obtained from a Cirebon, West Java.

Cultivation of Oryza sativa  var. INPARI 30 Ciherang Sub-1:
The cultivation of Oryza sativa  L.  var.  INPARI  30 Ciherang
Sub-1 was conducted in 20 L pots placed inside a screen
house located at Institut Teknologi Bandung-Jatinangor
Campus, Sumedang, West Java, Indonesia from January-May,
2018. Initially, all the substrates were for the growing media
were mixed thoroughly according to composition shown in
Table 1 before placed inside the cultivating containers. The
seeds were germinated on a wet damp sack and after that
sown using trays  before  transplanted  into  the  pots that
have been filled with the growing medium (one seedling/
container). Every cultivation condition was replicated in 6 pots.
The bottom part of the pots was perforated (5 spots) to allow
excess water came out from the containers. The excess water
from each pot was contained inside a vessel placed under
each pot. Each pot was watered daily with water at 50% of the
water holding capacity of the growing media as shown in
Table 1. The collected excess water was added with tap water
to ensure that each container received the same amount of
water every day.

Table 1: Composition of growing media and amount of water input for the
cultivation of Oryza Sativa var. INPARI 30 Ciherang Sub-1 at Sumedang,
West Java

Treatments Composition Water input (mL/day)
P Soil:compost (1:1) 1675
PII Soil:compost (1:2) 2240
PIII Soil:compost: biochar (2:2:1) 1765
PIV Soil:compost: biochar (1:2:2) 1765
PV Soil:compost: biochar (2:2:1)+nano-silica 1255
PVI Soil:compost: biochar (1:2:2)+nano-silica 1255
PVII Sand:compost: biochar (2:2:1) 1579
PVIII Sand:compost: biochar (1:2:2) 1199
PXI Sand:compost: cocopeat (2:2:1) 1475
PX Sand:compost: cocopeat (1:2:2) 1195
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Data measurement: Plant height, number of leaves, number
of tillers,  number of effective tillers were measured
periodically  throughout  the  cultivation  period.  At the end
of the cultivation  period,  the  biomass  was  harvested and
the weight of shoot  and  root  were  determined. Excess water
for each pot was measured every day based on the volume of
water that was drained through the bottom part of the pots.
Temperature, relative humidity, light intensity and wind

velocity  were  measured  once/week (08.00). Temperature
and relative humidity were measured by using a thermo
hygrometer (PCE-313 A, UK). Light intensity was measured by
using  a  standard  portable  lux  meter  (Milwaukee  MW  700,
Hungary) whereas the wind velocity was measured by using
a digital anemometer (Benetech GM 816, USA). Soil moisture
was determined  using  a  soil  tester  (Takemura DM-5 and
DM-15, Japan) whereas the  pH of soil was measured using a
4 in 1 digital pH moisture sunlight soil meter (KC 300, China).
The soil moisture and pH were measured once every week
(08.00)
The  nutrient   content   in   the   water  was  determined

at Water  Quality  Laboratory,  Faculty  of  Civil and
Environmental  Engineering, Institut Teknologi  Bandung.  The 
nutrient  content in soil and harvested biomass was analyzed
at Raksa Buana Analytical Chemistry Laboratory (Bandung,
West Java, Indonesia).

Statistical analysis: The evapotranspiration rate was
calculated using the Penman-Monteith Eq.17:

(1)
   

 

on
n 2 s a

0
d 2

C0.408Δ R G + γ U e e
T + 273ET =

Δ + γ 1+ C U

 

ETcrop = ET0 · Kc (2)

Where:
ET0 = Potential evapotranspiration rate (mm/day)
Rn = Net irradiance (MJ/m2/day)
G = Heat transfer to soil (MJ/m2/day)
Cn = A numerator constant
U2 = Wind  velocity  in  m/sec  (measured at an elevation

of 2 m above the ground)
eso = Saturated vapor pressure (kPa)
ea = Actual vapor pressure (kPa)
Cd = A denominator constant
T = Temperature (EC)

ETcrop = Actual evapotranspiration rate in mm/day
Kc = Plant coefficient

The  calculated   evapotranspiration   rate   using  Eq.  1
was    multiplied   with   the   surface   area   of   the   container
(0.07065 cm2) used in this study to obtain evapotranspiration
rate (mL/day).
Water holding capacity (mL/day) of the growing media

can be calculated6 using the Eq. 3:

Water holding capacity = (W1-WE)+(WA-ETcrop) (3)

Where:
WI = Provided water input in mL/day
WE = Excess water (mL/day)
WA = Accumulated water in the container since the

previous day (mL/day)
ETcrop = Actual evapotranspiration rate (mL/day)

The wet and dry weight of rice roots, wet and dry weight
of stems, weight of dry-milled and dry-harvested grains were
measured by using an analytical balance (Precisa ES220 A,
Swiss) at the end of the cultivation period (125-140 days after
planting). The dry weight was obtained by drying the samples
in an oven (Heratherm, Thermo Scientific, USA) at 70EC until
the weight was constant. The moisture content of samples
was calculated6 using Eq. 4:

(4) ww - dw
Moisture content (%) = ×100

ww

where, ww and dw are wet weight (g) and dry weight (g) of
the samples, respectively.

RESULTS

Effect of growing media composition on the water holding
capacity: The microclimate conditions particularly light
intensity, temperature and relative humidity in the cultivation
area were measured regularly throughout the cultivation
period  with  average  values  of  17000-20000 lux, 25-35EC,
35-65%, respectively. The water holding capacity of the
growing media investigated in this study was periodically
measured and the results are shown in Fig. 1. The highest
value  of  water holding capacity value at the end of
cultivation  period was recorded by PII (14147 mL) whereas
the lowest  value  of  water holding capacity was recorded for
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Fig. 1: Average water holding capacity of growing media for the cultivation of Oryza sativa var. INPARI 30 Ciherang Sub-1 at
Sumedang, West Java

Fig. 2: Average evapotranspiration rate of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang, West Java

PX (3897 mL). The evapotranspiration rate of Oryza sativa  var.
INPARI 30 Ciherang Sub-1 shown in Fig. 2 lies in the range of
1.6-.5 mm/day (equivalent to 116 mL/day to 175 mm/day)
with  an  average  of  around  1.9  mm/day    (equivalent  to
116 mL/day to 137 mm/day).

Effect of growing media composition on plant growth:
Figure 3-6 show the effect of media composition average
plant height, number of leaves, number of tillers and number
of effective tillers. From Fig. 3, it can be observed that PIII had
the highest average plant height (97 cm) whereas the lowest
was observed from PIX with average plant height of 74 cm.
Based on Fig. 4,  the  highest   average   number   of  leaves
(221 leaves) was obtained from PIII after 84 days of
transplanting  and  eventually  reached  a  final average value

approximately 150 leaves. A similar number of leaves was also
achieved by the plants from PVIII, PII, PI. Figure 5 shows the
average number  of tillers whereas Fig. 6 shows the average
number  of  effective  tillers.  The  highest  number  of  tillers
(43 tillers) were also recorded from PIII.

Effect of growing media composition on productivity of
biomass: At the end of the cultivation period, the plants were
harvested and the weight of root and shoot (above ground
biomass) was determined and the results are shown in Fig. 7.
The average weight of the root varies from 27-417 g/pot
whereas  the   average   weight   of   the   shoot   varies  from
60-331 g/pot. Figure 8-9 show the total content of nitrogen
and silicon dioxide in the growing media. From the figure, it
can be observed  that highest total content of nitrogen (0.9%)
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Fig. 3: Average plant height of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang, West Java

Fig. 4: Average number of leaves of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang, West Java

Fig. 5: Average number of tillers of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang, West Java
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Fig. 6: Average number of effective tillers of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang, West Java

Fig. 7: Average biomass weight of harvested Oryza sativa  (shoot and root) var. INPARI 30 Ciherang Sub-1 cultivated at Sumedang,
West Java

Fig. 8: Initial and final nitrogen content in growing media used for the cultivation of Oryza sativa var. INPARI 30 Ciherang Sub-1
cultivated at Sumedang, West Java
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Fig. 9: Total content SiO2 in the growing media for the cultivation of Oryza sativa var. INPARI 30 Ciherang Sub-1 cultivated at
Sumedang, West Java

Fig. 10: Total content of N and SiO2 content in harvested shoot of Oryza Sativa var. INPARI 30 Ciherang Sub-1 cultivated at
Sumedang, West Java

was available  in  the  growing  media  of  PII,   PIII,   PIV,   PV, 
PVI and PX whereas the highest  total  content of silicon
dioxide  (21.2%)  was  available in the growing media of PIII
and PV.

The total content of nitrogen and silicon dioxide in the
harvested shoot was also determined and the results are
shown Fig. 10. Plants from PIII had the highest amount of
silicon dioxide  (7.1  g/plant) and nitrogen (2 g/plant) as a
result of higher nitrogen and silicon dioxide content in the
growing  medium  (PIII)  and  able  to be absorbed by the
plants. Plants from PIII had  the  highest the highest
percentage of filled  grains  (92%)  and the highest
productivity of dry milled grains with (63 g/pot/harvest) as
shown in Fig. 11.

DISCUSSION

The  growing   media  composition highly influenced
plant growth and productivity of the harvested rice. Best
results were  obtained  when Oryza sativa var. INPARI 30
Ciherang Sub-1 was   cultivated  using  soil:compost:biochar
(a ratio of 2:2:1) with   an   estimated   rice   productivity  of
0.18 kg mG2/harvest. This value is comparable with the
productivity of milled grain reported by Indonesian Central
Bureau of Statistics, 3.4 t haG1 of rice which is equivalent to
0.11 kg mG2/harvest. In another study by Siddiq et al.18, a
maximum productivity of 4.55 t haG1 of rice which is
equivalent  to approximately 0.15 kg mG2/harvest was
reported when different rice cultivars were cultivated using a 
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Fig. 11: Average productivity of dry milled grain of Oryza sativa (shoot and root) var. INPARI 30 Ciherang Sub-1 cultivated at
Sumedang, West Java

conventional growing  media  particularly  soil  with different
rates of nitrogen, phosphorus and potassium.

A relatively higher estimated productivity of rice was
obtained in this study most probably due to the optimum
composition of the growing media comprising of soil,
compost and biochar apart from the added fertilizer during
the cultivation period. In addition, a water recycling system
applied in this study contributes to the recycling of nutrients
into the plants for better plant growth that would otherwise
losses in the conventional paddy field. As such highlights that
appropriate composition of soil:compost:biochar (a ratio of
2:2:1) determined in this study is promising to be investigated
in a large scale.

The results obtained in this study are supported by the
microclimate  conditions during the cultivation period that
was still within tolerable range of optimum light intensity
(20000-50000 lux), temperature (24-31EC) and relative
humidity (33-90%) for the cultivation of Oryza sativa reported
in the literature18,19. The wind velocity was almost negligible
because the cultivation of Oryza sativa var. INPARI 30 Ciherang
Sub-1 was carried out inside a closed screen house.

The physiological growth of plant is highly influenced by
the amount of water available in the growing media which is
related to the ability of the growing media to hold water. All
the growing media used in this study had a water input of
approximately 1200 mL/day and higher as recommended by
Food and Agriculture Organization of the United Nations to
increase the ability of the growing media to hold enough
water for the growth of plants despite of water loss due to
water plant uptake, evapotranspiration and percolation.

The highest value of water holding capacity value at the
end of cultivation period was recorded by PII which may be

caused by the presence of compost that contributes to a
higher volume of bonding space, residual and storage pores
increase water retention15,16. The lowest value of water holding
capacity was recorded for PX which may be caused by the
presence of sand that has a relatively low waterproof
capacity20.

The amount of water in the growing media is also highly
influenced by the evapotranspiration rate throughout the
cultivation period. The evapotranspiration rates were still
within range of 1-7 mm/day reported by previous studies21,22.
According to Zotarelli et al.23, evapotranspiration is strongly
influenced by air temperature, relative humidity, wind speed
and light intensity. As such is also observed in this study that
the highest evapotranspiration rate occurred when the light
intensity was the highest (20000 lux) throughout the
cultivation period.

The provision of biochar in PIII positively affected plant
height due to the increased nutrition available to the
plants24,25. It has been reported by Zia et al.26, the silica content
found in biochar could increase plant growth especially the
growth of stems and tillers. The number of effective tillers was
influenced by the availability of nutrients in the soil27, the
number of tillers and the number of leaves. The growth of
tillers was strongly influenced by the use of nitrogen,
especially in the initial phase28.

The addition of biochar could increase the resistance of
nitrogen element by preventing nitrate discharges which can
increase soil nitrification thereby increasing the availability of
N for the plants29. The silica contained in biochar could also
increase the number of tillers. Hence, the addition of biochar
in the growing media improves soil quality to promotes a
better plant growth particularly the root and shoot30.
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A higher content of nitrogen and silicon dioxide in PIII
promotes a better plant height, number of leaves, number of
tillers, effective number of tillers and consequently a better
average biomass weight and productivity of dry milled grains
as well. The final total content of nitrogen and silicon dioxide
decreased as compared to the initial values indicates that the
nutrients were being absorbed by the plant for plant growth.

A lower plant height for PIX may be due to a relatively
high amount of sand in the growing media as compared to
the other growing media. The sand may still contain salt the
that could inhibit plant growth31 that also results in lower
number of leaves, tillers and effective tillers. A relatively low
amount of harvested biomass for plants from PX may be due
to a larger amount of cocopeat in the growing medium. The
presence of tannin in the cocopeat act as barrier in absorption
of nutrition and consequently hinders plant growth32.

CONCLUSION

Cultivation of Oryza sativa  var. INPARI 30 Ciherang Sub-1
using a water recirculation system and different growing
media composition had been studied. The growing media
composition highly  influenced plant growth and productivity
of the harvested  rice.  Best  results  were  obtained when
Oryza sativa var. INPARI 30 Ciherang Sub-1 was cultivated
using soil:biochar:compost (a ratio of 2:1:2) with an estimated
rice productivity of 0.18 kg mG2 per harvest. It can be
concluded that an appropriate combination of soil, biochar
and compost may be recommended as a growing media for
the cultivation of Oryza sativa var. INPARI 30 Ciherang Sub-1
using a water recirculation system.
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