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ABSTRACT

The objective of this study was to obtain a
proper balance dose between biofertilizer and
inorganic fertilizer in order to increase the
growth and yield of rice in Inceptisol soil of
lowland swamp origin. Biofertilizer was made by
enriching straw compost with N, interceptor
bacteria, phosphate solvent bacteria and growth
stimulator bacteria isolated from swamp lowland
in South Sumatra. This study was conducted
from November 2012 to March 2013 in a
greenhouse. The design used was completely
randomized design (CRD) factorial, with two
treatment factors consisting of inorganic fertilizer
(0,25, 50, 75 and 100% recommended dosage)
and biofertilizer (0, 100, 200, 300, 400 and 500
kg.ha’l). The results showed that the best
treatment in term of plant height at 8 weeks after
planting (WAP), the maximum number of tillers,
number of productive tillers, number of grains
per panicle and weight of milled dry rice were
obtained in combination of 75% inorganic fertilizer
and 300-400 kg.ha™* biofertilizer.

Keywords: biofertilizer, inorganic fertilizer, lowland
rice

INTRODUCTION

In the long run, the intensive utilization of
paddy fields will decrease soil productivity and
environmental quality. The use of high input of
agrochemical substances will precisely decrease
soil nutrients and produce the negative impact
for environment in the form of increasing
agrochemical substance residue within soil and
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crop. On the other hand, the decrease of
relatively fertile paddy field area due to land
conversion into non-agricultural usage produces
threat in  maintaining food  sufficiency
(Wihardjaka and Abdurachman, 2007).

Lowland swamp is one of suboptimal
land which can be used as substitute for some
functional conversion of paddy field area.
Lowland swamp is flat topography area found
along the right and left sides of main river which
usually floods especially during wet periods, and
relatively unaffected by sea water tidal
fluctuation (Najiyati et al., 2005). Lowland
swamp in South Sumatra is relatively extensive
comprising about 368,685 hectares, and it is
unique ecosystem due to differences of water
flooding as well as availability of flooding and dry
periods. Availability of continuous flooding and
dry periods create different utilization of lowland
swamp such as for crops cultivation which in
turn will affect soil microbial diversity. The
knowledge of community and biotechnology
potential related to soil microbes in lowland
swamp area is not widely investigated. However,
population and types of bacteria and fungi
available in lowland swamp are higher than
those found in secondary forest. Cultivation of
perennial crop such lowland swamp rice may
increase population and types of bacteria and
fungi due to intensive land management such as
soil tillage before planting and manure
application  which may  stimulate  soil
microorganisms activity (Gofar et al., 2007).

Gofar et al. (2009) has found endophytic
bacteria from healthy rice crop grown in lowland
swamp ecosystem and these bacteria can be
used as growth stimulator as well as nitrogen
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interceptor for low fertility soil condition so that it
may optimize the early growth of rice crop and
reduce inorganic N fertilizer dependency which
in turn is capable to increase productivity of
lowland swamp and tidal lowland. The isolates
of endophytic bacteria as a growth stimulator
has been developed as economical biofertilizer.

According to Isroi (2008), biofertilizer is
inoculant which contains active organisms
functioning to catch specific nutrients or to
facilitate nutrients availability within soil for crop.
Marlina et al. (2013) found the isolates of
Azotobacter sp. and Azospirillum sp. which is
isolated from crop’s rhizosphere grown in
lowland swamp area. These isolates had been
proved capable to catch N,, to stimulate rice
crop growth and to increase NPK nutrients
absorption so that they can be developed as
biofertilizer for rice crop cultivation in lowland
swamp area.

The study results by Hindersah and Gofar
(2008) showed the potential of indigenous
microbes from soils in South Sumatra either in
dry land or wetland. Azotobacter sp. from
lowland swamp which is cultivated with rice crop
had a potential to be developed as biofertlizer
because it was capable to catch N,. Moreover,
Gofar (2008) has proven the existence of
endophytic bacteria from lowland swamp crops
that can stimulate rice crop growth. Gofar et al.
(2009) showed that inoculation with endophytic
bacteria for lowland swamp rice crop resulted in
rice yield increase compared to rice crop without
inoculation. In addition, the study by Gofar and
Marsi (2013) pointed out that milled dry rice yield
of 17.20 g from dry land of Ultisol soil was
obtained by applying biofertilizer dose of 10
ton.ha™* and 75% of inorganic fertilizer.

As discussed previously, the importance
of balance fertilizing between biofertilizer and
inorganic fertilizer for rice crop in lowland swamp
can affect nutrients absorption, growth and yield
of a crop. Therefore, combination of biofertilizer
and inorganic fertilizer (Urea, SP-36 and KCI) is
very important input in order to improve land
productivity in lowland swap.

The objective of this research was to
determine the balance dose between biofertilizer
and inorganic fertilizer which is capable to
increase the growth and production of rice crop
in Inceptisol soil in lowland swamp area.

MATERIALS AND METHODS

This experiment was conducted in a
greenhouse by using Completely Randomized
Design (CRD) Factorial which consisted of 2
treatment factors. The first factor was inorganic
fertilizer dose with five levels consisting 0%,
25%, 50%, 75% and 100% of recommended
dose. The second factor was biofertilizer dose
with 6 levels consisting 0, 100, 200, 300, 400
and 500 kg.ha™. The recommended doses of
NPK fertilizer for rice crop of Ciherang variety
were 250 kg.ha™ urea, 150 kg. ha™ SP-36 and
100 kg.ha™ KCI.

Compost was made from chopped rice
straw having size of £+ 5 cm and cow manure
mixed within the ratio of 10:1 and was
composted in four-week period, followed by
sieving with screen in 2 mm in diameter. This
compost was then sterilized by using autoclave
at temperature of 121°C and 1 atm pressure for
15 minutes.

Biofertilizer was made by mixing 100 kg
sterile compost with bacterial biomass which is
extracted from 100 ml isolate of Azotobacter,
100 ml isolate of Azospirillum, 100 ml isolate of
endophytic bacteria and 100 ml isolate of
phosphate solvent bacteria respectively having
density of 10® CFU.mL™. Bacterial biomass was
obtained by centrifuging the liquid propagation of
these bacteria at velocity of 15000 rpm for 5
minutes.

Plant media preparation was started by
soil sampling taken from the depth of 0-20 cm,
followed by air drying and soil sieving. Soil
having weight of 10 kg was put into flowerpot.
Biofertilizer and fertilizers of N, P and K were
applied one day before seed planting. The N
fertilizer was given two times, i.e. half dose was
given on day 1 before planting and the rest was
given when plant was 1 month old. Five rice
seeds were planted on each pot with the depth
of 2 cm. After one week, 2 plants that showed
uniform growth were chosen to be reared.

Crop maintenance consisted of: 1)
Watering conducted one time per day. 2) Crop
selection conducted at one week after planting,
3) Cultivating conducted manually by uprooting
the existing weeds, 4) Pest and disease control
conducted manually. Harvesting was done when
the rice grains was more than 75% mature at
each tiller, which was shown by yellow flag
leaves.
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The observed parameters were chemical
soil properties before experiment, crop height in
8 weeks after planting, maximum number of
tillers, number of productive tillers, analysis of
soil N and P, NPK content of crop tissue at
primordial phase, biofertilizer analysis, grain
numbers per tiller and weight of milled dry rice.
Data was statistically processed with analysis of
variance for Completely Randomized Design
(CRD) Factorial. When the variance analysis
results showed significant difference, then it was
followed by Least Significance Difference (LSD)
test at 5% level.

RESULTS AND DISCUSSION

Soil Characteristics before Treatment

Based on analysis results of soil chemical
properties conducted before experiment, soil
used in this experiment was classified as acid
soil (pH H,0=5.50) with medium value of cation
exchange capacity (17.52 cmol(+) kg ) low C-
organic content (12.7 g.kg’ ) low value of N total
and available P (1.3 g. kg dan 4.50 mg.kg )
exchangeable bases such as medium value of
Ca- exchangeable (Ca-exch.) with magnitude of
10.58 cmol(+)kg , high value of Mg-exch with
magnitude of 3.45 cmol, kg™, high value of K-
exch with magnitude of 0.77 cmol(+)kg medium
value of Na- exch with magnitude of 0.68
cmolskg™, high value of base saturation Wlth
magnitude of 88.36 %, AI exch= 0.2 cmolkg™ X
H- exch= 0.19 cmol(+)kg Fe = 174. 38 mg. kg ,
Cu =5.02 mgkg Zn = 8.80 mg kg 'and Mn =
228.56 mg kg , W|th soil texture of sandy clay

loam consisting of 19.41 % sand, 44.86 %
loamand 35.73 % clay. The soil used as growth
media in this research generally having low soil
fertility level with pH (H,O) of soil is classified as
acid having low values of C-organic content, N-
total and available P. This is in line with the
notion from Subagyo (2006) which confirmed
that soil pH of lowland swamp area was in the
range of 4.0 to 5.5 and had low value of macro
nutrient content. In addition, soil in this research
should be added with inorganic fertilizers or
biofertilizers  containing  Azospirillum  sp.,
Azotobacter sp., endophytic bacteria and
phosphate solvent bacteria in order to increase
N, P and K nutrients so that better growth and
production of rice crop can be achieved.

Addition of biofertilizer in the form of rice
straw compost which is enriched by nutrients
producing bacteria with chemical characteristics
such as neutral pH value (pH=7.04), high cation
exchange capacity (34.80 cmol, kg™h), low
value of C/N ratio (13.45), very high values in
term of N-total, available P and K-exch (10.8 g
kg™, 87.30 mg kg * and 11.18 cmol.,y kg™) may
improve the chemical properties of lowland soil
which is currently in suboptimal condition for rice
crop growth.

Vegetative Growth of Rice Crop

Results of variance analysis showed that
inorganic fertilizer and biofertilizer treatments
produced significant to highly significant effects
on most observed parameters. Summary of
variance analysis results for the observed
parameters is presented in Table 1.

Table 1. Calculated value of F for the observed parameters

Plant height

Source of at 8 weeks Maximum Number of
- numberof productive N uptake P uptake K uptake
variance after : .
planting tillers tillers (@ plant™) (g plant™) (g plant ™)
(cm) (tillers) (panicles)
Inorganicfertilizer *x *x *k *k ns *
Biofertilizer ns *x *k *k *x *k
Interaction ns ns ns ns ns ns

Remarks: ** = highy significant ; * = significant ; ns = not significant
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Table 2. The main effect of inorganic fertilizers on plant height at 8 weeks after planting, maximum
number of tillers (tillers), number of productive tillers (panicles) and NPK uptake

Inorganic Plant Maximum Number of
fertilizer height at 8 .
(% of weeks after number of productive N uptaktle P uptaktla K uptakcle
recommended planting (t?::ers) ( tiII_erls ) (g plant™) (g plant™) (g plant™)
tillers panicles
dose) (cm)
0 95.42 a 35.67 a 22.22 a 1.048 a 0.192 a 2.271a
25 100.42 b 38.89 ab 23.78 a 1.346 b 0.213 a 2.513 ab
50 103.42 b 43.10 bc 27.00 b 1.698 ¢ 0.211a 2.623 ab
75 107.25¢c 45.00 c 31.67c 1.903 ¢ 0.265 a 2.795b
100 107.67 c 44.67 c 27.00 b 1.829 ¢ 0.253 a 2.542 ab
LSD 0.05 3.45 5.29 3.03 0.285 0.083 0.452

Remarks: Numbers followed by different letters in a column were significantly different (P < 0.05) using LSD test

Table 3. The main effect of biofertilizer on plant height at 8 weeks after planting, maximum number of
tillers (tillers), number of productive tillers (panicles) and NPK uptake

Plant

height at 8 Maximum Numbers of
Biofertil!lzer Weegll<s after number of prqductive N uptakg P uptak_ei K uptak_?
(kg.ha™) planting tillers (tillers) tillers (g.plant™)  (g.plant™) (g.plant™)
(cm) (panicles)
0 102.10 35.07 a 23.20a 1.189 a 0.149 a 1.899a
100 101.33 38.27 ab 25.33 ab 1.427 ab 0.194 ab 2.225 ab
200 103.47 42.20 bc 25.80 ab 1.544 be 0.211 ab 2.388 ab
300 105.30 47.07 c 29.20 ¢ 1.834c 0.311c 3.294d
400 102.70 44.27 c 27.93 bc 1.754 c 0.257 bc 2.947 cd
500 102.10 41.93 bc 26.33 bc 1.640 bc 0.240 bc 2.539 bc
BNT 0.05 ns 5.80 3.32 0.312 0.091 0.495

Remarks: Numbers followed by different letters in a column were significantly different (P < 0.05) using LSD test

Inorganic fertilizer application at 75% of
recommended dose produced crop height at 8
weeks after planting, maximum tiller number,
productive tiller number and NPK uptake which
was better than and significantly different from
that of inorganic fertilizer applications at 0, 25,
50, and 100 % (Table 2). This was due to the
fact that inorganic fertilizer application at 75% of
recommended dose was capable to fulfill
nutrient requirement of rice crop for better
growth and production. Initial soil characteristics
less suitable to support the crop growth as
previously discussed resulted in quick response
of plant toward inorganic fertilizer application.
Increasing inorganic fertilizer application to
100 % of recommended dose had no effect on
growth increase or nutrients uptake by rice crop.
This was estimated due to nutrient imbalance
which in turn decreased the production of
lowland swamp rice. This was supported by

finding of Winarso (2005) indicating the
existence of relationship between nutrient
concentration and growth as well as yield of
crops (minimum law of Liebig) or decrease of
crop vyield depending on nutrient balance.
Application of 300 kg.ha’l biofertilizer had
increased the maximum number of tillers and
number of productive tillers and was significantly
different from that of applications of 0, 100 and
200 kg.ha™, as shown in Table 3. The increase
in maximum number of tillers and number of
productive tillers on 300 kg.ha™ biofertilizer
treatment was due to capability of this
compound to create better soil condition for crop
growth and provision of crop nutrients.
Biofertilizer application was reported to be able
to stimulate the growth of microbes and add
macro and micro nutrients which in turn would
increase soil fertility. According to Faludin
(2009), the use of biofertilizer was considered as
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proper strategy to refertilizer the soil. Bio-
fertilizer added into soil will provide certain
nutrients for crops. Biofertilizer may contain
bacteria that are important to stimulate crop
growth so that crop yield is still high and
sustainable. According to Permentan (2009),
biofertilizer is biological active product consisting
of microbes which can improve the fertilizing
efficiency, fertility and soil health. Moreover,
Vessey (2003) stated that biofertilizer facilitated
nutrient availability, organic matter
decomposition and better environment of N
rhizosphere which in turn might support the
growth and increase in crop yield.

Treatment using biofertilizer at a dose of
400 kg and 500 kg.ha™ resulted in the decrease
of plant height at 8 weeks after planting,
maximum number of tillers and number of
productive tillers than treatment given at a dose
of 300 kg.ha™ although this difference was not
significant. This was estimated due to higher
population of microbes within soil on treatments
at a dose of 400 kg and 500 kg.ha‘1 so that the
competition in obtaining nutrients occurred
between microbes and crops which resulted in
retarded nutrient availability for crops. Making
nutrients available in soil takes a long process,
while it is known that rice growing period is only
100 days. This was supported by NPK nutrients
uptake, in which the uptake decreased on

biofertilizer treatments at a dose of 400 kg and
500 kg.ha™ than compared to treatment at a
dose of 300 kg.ha™. Referred to the results of
studies by Simanungkalit (2001) and Supriyanto
et al. (2012), biofertilizer is living organism which
is added into soil as inoculant that helps to
provide certain nutrients for crop. Therefore, the
higher the fertilizer dose, the higher was the
added microbes in soil. Thus, competition for
nutrients occurred among microorganisms.

For every dose of inorganic NPK fertilizer,
there was optimal dose of biofertilizer in increasing
the uptake of N, P and K (Figure 1-3). Figure 1
showed that maximum N uptake by rice crop was
obtained by combining NPK fertilizer at 75 % of
crop requirement and 416.67 kg.ha'dose of
biofertilizer. Figure 2 shows that maximum P
uptake by rice crop was obtained by combining
NPK fertilizer at 75 % of crop requirement and
83.33 kg.ha™ dose of biofertilizer. Figure 3 reveals
that maximum K uptake by rice crop was obtained
by combining NPK fertilizer at 75 % of crop
requirement and 333.33 kg.ha'ldose of biofertilizer.
Therefore, optimum uptake of NPK fertilizer was
obtained by combining NPK fertilizer at 75 % of
crop requirement and 300 kg.ha'l dose of
biofertilizer. It was assumed that NPK uptake had
a positive correlation with biofertilizer, which was
shown by uptake levels of N, P and K (Table 3).

25 y100% = -5E-06x + 0.003x + 1.478
R?=0.978"
- 2
=
]
245 *0%
2
0,
= o m25%
£ Y 50%
- = 2
g 750% = -6E-06:2 + 0.004x + 1.179 ¥75% = -BE08x? + 0.005¢ + 1.208 X 75%
Z o R?=0.928 - 100%
' y0% = -3E-06x2+ 0.002x + 0.775  ¥25% = -2E-06x?+0.001x + 1.155 °
R2 = (0.690tn R?=0.832tn
0 T T T T T 1
0 100 200 300 400 500
Biofertilizer (kg.ha1)

Figure 1. Interaction between biofertilizer with N uptake at a dose of inorganic NPK fertilizer
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Figure 2. Interaction between biofertilizer with P uptake at a dose of inorganic NPK fertilizer
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Figure 3. Interaction between biofertilizer with K uptake at a dose of inorganic NPK fertilizer
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Rice Crop Yield

There was no significant interaction bet-
ween inorganic fertilizer and biofertilizer on grain
numbers per panicle and weight of milled dry
rice. Therefore, fertilizer optimum dose was
determined by using regression equation as
shown in Figure 4 and 5.

Figure 4 shows the maximum number of
grains per panicle for rice crop which was
obtained by combining NPK fertilizer at 50 % of
crop requirement and 500 kg.ha® dose of
biofertilizer. Figure 5 shows the maximum weight

of milled dry rice which was obtained by com-
bining NPK fertilizer at 50 % of crop requirement
and 460 kg.ha™ biofertilizer. There-fore, the
optimum value of grain numbers per panicle and
weight of milled dry rice were obtained by
combining NPK fertilizer at 75 % of crop
requirement and 300 kg.ha’l biofertilizer. It was
estimated that grain number per panicle and
weight of milled dry rice had a positive correlation
with biofertilizer. This was linear with the study
results by EI-Ainy (2008) reporting that bio-
fertilizer application had a positive corre-lation
with rice crop production.

160 -
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[ | X

120

-]
2
c
©
o
2 100
o = 75% =-0.001x%+ 0.201x + 104.5
2 o0 - y100% = -0.001x2+ 0.215x + 100.8 y '
é 0 R2=0.918" R2=0.806"
2 y50% = -8E-05x? + 0.055x + 114.9 y25% = -0.001x? + 0.206x + 97.22
£ 40 1 R2=0.687™" R2=0.575m"
S 50 - y0% =-0.001x? + 0.127x + 97.64
o R?=0.834
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Biofertilizer (kg.ha)

Figure 4. Interaction between biofertilizer with the number of grains per panicle at a dose of inorganic

NPK fertilizer
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Figure 5. Interaction between biofertilizer with weight of milled dry rice (g.plant™) at a dose of inorganic

NPK fertilizer
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Moreover, there was a positive relation-
ship between NPK nutrients uptake and
production level (grain numbers per panicle and
weight of milled dry rice) for each biofertilizer.
The higher the NPK nutrients uptake, the higher
was the rice crop production. Value of R?
showed that rice crop had higher correlation
between NPK nutrient uptake and crop
production.

Biofertilizer used in this study contained
bacteria of Azospirillum sp., Azotobacter sp.,
endophytic bacteria and phosphate solvent
bacteria with specific roles. As reported in
Saxena and Tilak (1998), Yasari and
Patwardhan (2007), Shaukat et al. (2006) and
Karthikeyan and Sakthivel (2011), bacteria of
Azospirillum and Azotobacter could increase
crop biomass, crop productivity, which
contributed N nutrient through N, fixation at crop
rhizosphere  environment as well as
phytohormone in direct manner. Moreover,
studies from Yasari and Patwardhan (2007),
Mehry et al. (2008) and Arzanesh et al. (2009)
confirmed that application of Azospirillum was
very effective in stimulating crop growth.

Hindersah and Simarmata (2004) empha-
size that Azotobacter bacteria have capability in
producing phytohormone of auxin and
cytochinine as well as supporting the soil
function as growth media. Furthermore, Gofar
(2007) points out that some endophytic bacteria
from plant tissue may stimulate the growth of
chilly crop, although others may suppress the
growth of chilly crop.

Study from Simanungkalit (2001) implies
that application of biofertilizer and inorganic
fertilizer was integrated approach in improving
the growth and the production of crop.

CONCLUSIONS

Application of biofertilizer at 300-400
kg.ha'1 dose combined with inorganic fertilizer at
75 % of crop requirement dose was the best
combination in increasing NPK nutrient uptake
for rice crop and weight of milled dry rice.
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