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The study aims to evaluate the integrated use of pre plant seed bio invigoration, organic and inorganic 
fertilizer on growth and yield of local upland rice. Research was arranged using split-plot design. The 
main plots were the different invigoration techniques. The sub-plots were six fertilizer treatments (G0: 
without organic and inorganic fertilizer; G1: organic fertilizer; recommended organic fertilizer 5 ton ha

-1
; 

G2:  inorganic fertilizer; recommended NPK 250 kg ha
-1

: G3:  100% inorganic fertilizer; the 
recommended NPK 250 kg ha

-1 
+ organic fertilizer; recommended organic fertilizer 5 ton ha

-1
, G4:  50% 

inorganic fertilizer; recommended NPK 250 kg ha
-1 

+ organic fertilizer; recommended organic fertilizer 5 
ton ha

-1
, G5:  25% inorganic fertilizer; recommended NPK 250 kg ha

-1 
+ organic fertilizer; the 

recommended organic fertilizer 5 ton ha
-1

. The results showed that the treatment have a significant 
effect on growth and yield of local upland rice.  The highest production (5.18 t.ha

-1
) were resulted from 

integrated use of pre plant seed bio invigoration using ground brick + Bacillus sp. CKD061 with 100% 
NPK 250 kg ha

-1 
+ organic fertilizer 5 ton ha

-1
  (B1G3), and integrated use of pre plant seed bio 

invigoration using ground brick + Bacillus sp. CKD061 with 50% NPK 250 kg ha
-1 

+ organic fertilizer 5 
ton ha

-1
 (B1G4). The production increase by 70.96% in B1G3 treatment and 69.31% in B1G4 treatment. 

Pre-plant bio invigoration seed treatment in various combinations fertilizer has a significant effect on 
growth and yield. 
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INTRODUCTION 
Rice (Oryza sativa L.) is the primary food source 
in Indonesia and demanding for rice tend to 
increase every year (Kadidaa et al., 2017a, 
2017b). The increasing population and the 
conversion of wetland to the non-agricultural 
sector, causes the supply of rice cannot be 
fulfilled sustainably (Muhidin et al., 2013; Sutariati 
et al. 2016). Many programs have been done to 
boost and increase rice production, through the 
breeding program (Kadidaa et al., 2017a, 2017b; 

Sadimantara et al., 2016), alternative system 
cultivation (Muhidin et al., 2013), decreasing level 
rice consumption while promote local food 
(Sutariati et al., 2016; Muhidin et al., 2016). The 
potential program for increasing rice production is 
through the development of upland rice as an 
alternative strategic to support the fulfillment of 
national rice needs (Muhidin et al., 2013; Syaiful 
et al. 2013; Sutariati et al., 2016).  
 The upland rice currently has a less 
attention because of its low productivity and long 
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production life, thus reducing the interest of 
farmers in developing upland rice cultivation. The 
total harvested of upland rice or paddy fields in 
Southeast Sulawesi is 5,377 ha, with the 
production of 14,512 tons and productivity 
reached 2.70 ton ha

-1
. The production capacity is 

still lower, when compared to national productivity 
that reached 3.34 ton (BPS, 2016). The problems 
caused on low productivity of upland rice are low 
seed quality and low soil fertility.  
 The low seed quality reflects the low 
viability and seed vigor. The use of low seed 
quality is the beginning of failure in agricultural 
activities and should be prevented from affecting 
crop productivity. The alternative to overcome 
these problems and to improve of seed quality 
among others can be done by pre-plant bio-
invigoration of seed that is using the biological 
agent of rhizobacteria group (Sutariati

 
et al., 2013, 

2017; Ilyas et al., 2015), like Bacillus spp. and 
matriconditioning using ground brick powder.  
 The use of rhizobacteria such as Bacillus 
sp., Pseudomonas spp. and Serratia spp. has 
been widely practiced and proven has had a 
better effect on improving plant growth and yield 
(Junges et al., 2013).  Furthermore, it is explained 
that the use of rhizobacteria as plant growth 
promoting rhizobacteria (PGPR), besides acting 
as a booster for plant growth, also plays a role in 
increasing plant resistance to disease (Kloepper 
et al., 2004). The role of rhizobacteria in triggering 
the plant growth is related to their ability to 
synthesize growth hormone, fixing nitrogen or 
dissolving phosphate. Bacillus spp able to 
synthesize IAA (Shim et al., 2015), gibberellins 
and cytokines (Park et al., 2015; Tahir et al., 
2017), in addition to their ability to dissolve 
phosphates, and fix nitrogen (Shen et al., 2016). 
The good seed quality and good soil fertility are 
strategic efforts to improve growth and yield of 
upland rice crops. The integration of bio-
invigoration of pre-plant seeds in various 
combinations of organic and inorganic fertilizers is 
expected to increase the growth and yield of local 
upland rice. The study aims to evaluate the 
integrated use of pre plant seed bio invigoration, 
organic and inorganic fertilizer on growth and yield 
of local upland rice. 

 
MATERIALS AND METHODS 

Rhizobacterium isolate preparation 
 The rhizobacteria was propagated by 
smearing isolates onto growth media in petri 
dishes. Bacillus sp. CKD061 was grown on media 

TSA (Tripthic Soy Broth). The growing bacterium 
colony was suspended in sterile deionized water 
(Bai et al., 2002) till a population density of 10

9
 

CFU ml
-1

.  

Treating seed with bio-invigoration 
 The method used in this seed treatment, 
is a modification of the previous method (Sutariati 
et al., 2001). Before being treated, the upland rice 
seeds were disinfected with 2% sodium 
hypochlorite for 5 minutes, washed three times 
with sterile water, then air dried in a laminar air 
flow cabinet for one hour. The dried seeds are 
then treated. Seed treatment with matri-
conditioning was done by mixing the seeds with a 
medium of ground burned-rice husk or ground 
brick using ratio between seed: media: water = 
20:15:10.  
 The seed treatment with rhizobacteria 
was done by immersing the seeds in the 
suspension of each rhizobacteria. Seed treatment 
with bio matriconditioning using the same 
procedure with treatment of matriconditioning, but 
water replaced with rhizobacterial suspension. 
The rhizobacterial suspension is prepared by 

mixing 50 ml sterile water in a petri dish ( 9 cm) 
containing Bacillus sp CKD061 rhizobacteria. The 
sterile water and rhizobacteria are stirred until 
they are mixed and ready for use in seed 
treatment. Seeds that have been treated are 
placed at room temperature for 48 hours. After 
treatment, the seeds are cleaned from embedded 
medium then dried in a laminar air flow cabinet 
and then stored until ready to use. 

Data analysis 
Statistical analyses were performed using two-
ways analysis of variances (ANOVA) using the 
Statistical Package of Social Sciences (SPSS) 
program version 20 for Windows (Chicago, IL, 
USA). If the test result showed a significant 
difference, then tests of treatment differences 
were performed using Duncan’s multiple range 
test (DMRT) at α=0.05. 
 
RESULTS  

 Root Systems 
The results showed that rice cultivation roots were 
better treated with bio invigoration applications 
(G1) compared to rice roots that did not receive 
bio invigoration treatment (G0). Root cross-
section (Fig. 1) shows that B1G3 treatment has 
more root hair and provides a better increase in 
upland rice growth compared to other treatments 
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Figure 1. Root growth performance treated with pre-plant seed invigoration in various 

combinations of organic and inorganic fertilizers.
 
Table 1. The effect of pre-plant seed bio-invigoration on various combinations of organic and 
inorganic fertilizer to plant height (cm) and leaf area of upland rice on 12 weeks after planting 
(WAP). 
 

Combination of organic and 
Organic fertilizer 

Plant height (cm) Leaf area (cm
2
) 

Seed bio-
invigoration 

Seed bio-invigoration 

B0 B1 B0 B1 

   
  

Control (G0) 
135.93 

r
 152.48 

r
 120.30 

s
 139.55 

s
 

b a b a 

Organic fertilizer plus (G1) 
147.44 

q
 157.89 

q
 129.31 

r
 143.28 

r
 

b a b a 

Inorganic fertilizer (G2) 
147.57 

q
 163.58 

pq
 131.66 

r
 146.84 

q
 

b a b a 

Organic fertilizer plus + 
Inorganic fertilizer (G3) 

155.44 
p
 164.68 

p
 140.38 

p
 153.86 

p
 

b a b a 

Organic fertilizer plus + ½ 
Inorganic fertilizer (G4) 

148.85 
q
 162.85 

pq
 137.02 

q
 151.69 

p
 

b a b a 

Organic fertilizer plus + ¼ 
Inorganic fertilizer (G5) 

149.50 
q
 160.73 

q
 134.25 

qr
 146.81 

q
 

b a b a 

 
  

  

Remark: The numbers followed by the letters in rows (a, b) and the same (p, q, r) 
columns show no significant difference in the DMRT α = 0.05. B0 (without bio-
invigoration application) and B1 (ground brick powder + Bacillus sp. CKD061). 

 
 
 
 
 
 

B0G0 B0G1 B1G1 B0G2 B1G2 

B0G3 B1G3 B0G4 B1G4 B0G5 B1G5 

B1G0 
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Table 2. The effect of pre-plant seed bio-invigoration on various combinations of organic and 
inorganic fertilizer to panicle length and potential yield on 12 weeks after planting (WAP). 
 

Combination of organic and 
organic fertilizer 

Panicle length 
(cm) 

Potential yield (ton ha
-1

) 

Seed bio-
invigoration 

Seed bio-invigoration 

B0 B1 B0 B1 

   
  

Control (G0) 
35.60 

s
 42.40 

r
 3.03 

r
 3.76 

r
 

b a b a 

Organic fertilizer plus (G1) 
37.93 

r
 44.73 

q
 4.42 

q
 4.77 

q
 

b a b a 

Inorganic fertilizer (G2) 
41.87 

q
 46.07 

q
 4.50 

q
 4.85 

q
 

b a b a 

Organic fertilizer plus + Inorganic 
fertilizer (G3) 

44.13 
p
 48.07 

p
 4.68 

p
 5.18 

p
 

b a b a 

Organic fertilizer plus + ½ Inorganic 
fertilizer (G4) 

42.67 
pq

 46.67 
pq

 4.57 
pq

 5.13 
p
 

b a b a 

Organic fertilizer plus + ¼ Inorganic 
fertilizer (G5) 

41.07 
q
 44.73 

q
 4.50 

q
 4.82 

q
 

b a a a 

Remark: The numbers followed by the letters in rows (a, b) and the same (p, q, r) columns 
show no significant difference in the DMRT α = 0.05. B0 (without bio-invigoration 
application) and B1 (ground brick powder + Bacillus sp. CKD061). 

 
Plant height and leaf area 
 The result showed that pre-plant seed 
bio-invigoration treatment in various combinations  
of organic and inorganic fertilizers significantly 
affected to the plant height and leaf area (Table 
1). 
The result DMRT test of the interaction effect 
between bio invigoration of pre-plant seeds on 
various combinations of organic and inorganic 
fertilizers at the age of 12 WAP showed that the 
highest plant was obtained in the bio-invigoration 
treatment with ground brick powder + Bacillus sp. 
CKD061 and organic fertilizer plus + inorganic 
fertilizer (B1G3).  The result of DMRT test of the 
interaction of pre-planting seed bio invigoration on 
various combination of organic and inorganic 
fertilizer to leaf area shown that the combination 
of ground brick powder + Bacillus sp. CKD061 
with organic fertilizer-plus + inorganic fertilizer 
(B1G3) give the highest of leaf area. 
 
3. Panicle length and potential yield 

The result of showed there is interaction effect 
of pre-plant seed bio invigoration on various 
combination of organic and inorganic fertilizer to 
the panicle length and potential yield (Table 2). 
The interaction of pre-plant seed bio invigoration 

in various combinations of organic and inorganic 
fertilizers based on the DMRT test α = 0.05 
showed that the treatment of ground brick powder 
+ Bacillus sp. CKD061 with organic fertilizer plus 
+ inorganic fertilizer (B1G3) gave the highest 
value. The Effect of interaction of ground brick 
treatment + Bacillus sp. CKD061 with organic 
fertilizer plus + inorganic fertilizer (B1G3) gives 
the highest yield of plant production (5.18 ton ha

-

1
). The lowest rice production was 3.03 tons ha

-1
, 

which was obtained on the control without bio-
invigoration treatment and organic fertilizer. 
 
DISCUSSION 
The results showed that the interaction effect of 
pre-plant seed bio invigoration using ground brick 
powder + Bacillus sp. CKD061 on various 
combinations of organic and inorganic fertilizers 
using organic fertilizer plus + inorganic fertilizer 
(B1G3) have effect on the vegetative growth, such 
as to the plant height that increase up to 27.89% 
compared to control.  
More extensive roots will increase the ability of 
plants to absorb nutrients contained in the soil 
(Fig. 1). Photosynthate is an energy source in the 
process of plant growth. As the resulting 
photosynthate increases, the dry weight of the 
plant increases. To produce more photosynthate, 
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very closely related to the availability of nutrients 
in the soil and the ability of plant roots to absorb 
nutrients. A lot of roots and hair roots will have the 
ability and coverage to absorb more nutrients.  
The local upland rice has a potential yield only 
3.03 ton ha

-1
.  It is indicated by the production 

without treatment or control. The application of 
pre-plant seed bio-invigoration treatment in 
combination with organic fertilizers (B1G3), 
increase the upland rice production up to 5.18 t 
ha

-1
 or increased by 70.96%. The results are in 

line with the research of Arif et al., (2014), that 
reported the combination of organic and inorganic 
fertilizers (cage 10 ton ha

-1
), combined with 50% 

recommended doses (50-90-60 kg NPK ha
-1

) 
increased the number of tillers (16.79), panicles 
per hill (8.41), weight of 1000 grains (21.12 g) and 
grain yield (4.47 ton ha-

1
) compared with controls. 

Furthermore, Padmanabha et al., (2014)
 
reported 

that giving 10 tons of manure ha
-1

 + 250 kg Urea 
ha

-1
 + 75 kg SP36     ha

-1 +
 75 kg KCl ha

-1
 gave the 

best result to the high rice crop. The increasing of 
upland rice growth and yield caused by the 
provision of inorganic fertilizers, also due to the 
role of microorganisms contained in organic 
fertilizers plus in the form of microorganisms that 
act as a trigger plant growth (Sutariati et al., 
2014).   Kurepin et al., (2014)

 
reported that 

microorganisms are generally capable of binding 
nitrogen from the air, acting as decomposers and 
capable of providing essential nutrients and 
capable of stimulating plant growth. 

CONCLUSION 
The results concluded that pre-plant bio 
invigoration seed treatment in various 
combinations with organic and inorganic fertilizers 
has significant effect on the plant height, leaf area, 
panicle length and yield. 
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