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Abstract.

Research was performed to evaluate the effect of biopriming technique using
indigenous rhizobacteria in improving local upland rice from Southeast Sulawesi.
Randomized group design was applied in this research using factorial pattern
consisting of 2 factors. The first factor was upland rice cultivars consisting of 2 (two)
levels of Paebiu Kolopua (V1) and Pae Wuna (V2) cultivars. Meanwhile, the second
factor was rhizobacteria isolates, consisting of 4 (four) levels, those are without
rhizobacteria treatment (R0), KNSI11 isolate (R1), KLKUO?2 isolate (R2) and KNW11
isolate (R3). Research results indicated that interaction between Paebiu Kolopua
cultivar and KLKUO2 isolate treatment significantly affected plants height with
29.22% improvement and the amount of rice per panicle with 176.33% improvement
compared to the control. Therefore, KLKUO?2 isolate can be recommeded as the best
treatment to improve the production and outcome of local upland rice plant.
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L. INTRODUCTION

The current soil engineering scenario is entirely dependent on synthetic
chemicals, which are responsible for some human health and environmental issues [1].
Biological seed treatment is the most effective method to protect seeds from soil-borne
pathogens at early stage of plant development [2,3] and also effectively reduce the
dependence on chemical fungicide for diseases management [4,5]. As a result, we must
shift toward organic agriculture to resolve these challenges. The rhizosphere is a zone
where plant and microbial interactions are mostly commensal and mutualistic, and it is
affected by the root system [6]. Beneficial microorganisms that live in the rhizosphere
have been studied extensively for their biological control and growth-promoting
abilities. As a result, they are frequently employed as effective environmentally
friendly insecticides and fertilizers. On the basis of their mechanisms of action,
beneficial bacteria are classed as biofertilizers and biocontrol agents such as host
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growth promotion, antibiosis, parasitism, competition and host resistance enhancement
for suppression of phytopathogens [7,8].

Even under difficult conditions, bio-priming helps seeds germinate consistently
[9]. Bio-priming, which combines seed priming with bacterial inoculation, is the most
cost-effective, efficient, and straightforward strategy for increasing tolerance and
establishing plant stands in harsh environments [10]. Seed bio-priming is an advanced
and prominent technique used to persuade plant health and stress tolerance. Most
importantly, this ecological approach protects the seeds against various seed and soil
borne pathogens by suppressing incidence of a disease [11,12]. Some rhizobacteria are
advantageous to crops and have affect plant development positively through
various ways.Plant growth promoting rhizobacteria (PGPR)are bacteria that
affect plant development positively through any method [13]. PGPR such as
Azospirillum, Azotobacter, and Pseudomonas also have a great capacity to sustain
plants under stressful situations [14]. Pseudomonas species are the most often used
bacteria for promoting plant growth. Most plant growth-promoting bacteria, such as
Pseudomonas aeruginosa, are susceptible to harsh environmental conditions and are
unable to generate persistent spores to survive them [15].

Zahir et al. showed that drought stress on pea development might be mitigated
by inoculating pea plants with rhizobacteria expressing ACC deaminase [13]. Efficacy
varied at different moisture levels; P. fluorescens biotype G (ACC-5) showed the most
promise at 25% field capacity, with inoculation resulting in the largest gains in fresh
weight, root and shoot length, leaf number, and water usage efficiency. Gou et al. in
another project presented that the accumulation of choline and glycine betaine and
improved leaf relative water content and dry matter weight under varying water deficit-
stress in maize by P. fluorescens YX2, Klebsiella variicola F2, Raoultella planticola
YL2. Inoculation of P. fluorescens P1 and P. fluorescens P8 isolates are able to
increase the tolerance towards water deficit stress, root growth, and Zea mays L. var
saccharata production results [16]. Pseudomonas fluorescens SS101 memproduksi
novel volatile organic compounds yang terdiri dari 13-Tetradecadien-1-ol, 2-butanone
and 2-Methyl-n-1-tridecene [17]. P. fluorescens was shown as the most effective
PGPR strain [18].

Southeast Sulawesi has many local upland rice cultivars spread in several
regions, both land area and islands area. Several upland rice tupes have been cultivated
ans succesfully grow and produce better in dry soil condition. Paebiu Kolopua cultivar
(cultivated in South Konawe land area) shows the highest outcome among 24 local
cultivars from Southeast Sulawesi [19], while Pae Wuna cultivar (cultivated in islands
area) is one of tolerant cultivar towards drought [20]. However, it is unfortunate that
the production of upland rice in Southeast Sulawesi in 2015 was low, of which
productivity was only 2.70 ton/ha. Southeast Sulawesi's upland rice productivity was
lower than the national average, obtaining 3.34 ton/ha [21]. This was caused by several
factors including the use of low quality seed and low soil fertility. Study concerning
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the integration between seed biopriming and indigenous rhizobacteria aiming to
enhance the seed viability and vigor as well as solving the physiological issues on
seeds of local upland rice is limited, therefore this research is important to be
conducted in order to answer the issues of low productivity of upland rice.

II. METHODS

Indigenous Rhizobacteria Isolate Source

Local upland rice seed of Kolopua (local Konsel) and Paec Wuna (local Raha)
cultivars, NPK fertilizer (15:15:15), indigenous rhizobacteria of P. fluorescens KNS11
(South Konawe), P. fluorescens KLKUO02 (North Kolaka) and P. fluorescens KNW11
(Konawe) are isolates collection from Prof. Dr. Ir. Gusti Ayu Kade Sutariati, M.Si
(Department of Agrotechnology, Faculty of Agriculture, Halu Oleo University).

Research Design

The experimental design applied was a randomized group design through
factorial pattern of 2 factors. The first factor was upland rice cultivars consisting of 2
(two) levels of Paebiu Kolopua and Pac Wuna cultivars. Meanwhile, the second factor
was rhizobacteria isolates, consisting of 4 (four) levels, those are without rhizobacteria
treatment, KNS11 isolate, KLKUO2 isolate and KNW11 isolate. The treatment was
provided for 8 combinations, each was done for 3 times, concluding to 24 experimental
units performed (Figure 1).

Fig 1. Framework of indegenous rhizobacteria application on local upland rice
cultivar; (A) homogenization of rhizobacteria applied on the seeds, (B) plantation,
(C) observation and measurement, (D) plants weighing

Preparation of Growing Media

The preparation of growing media was done by filling polybag of 20 cm x 40
cm using ultisol until the wight reached 10 kg. It was then continued with sterilization
process to kill the microorganism living in the growing media through steaming using
sterilization drum for 2 hours. After the growing media was sterilized, 12 polybags for
each experimental unit were moved to the field with 30 cm distance from one to
another experimental unit and 1 meter distance for one group to another group.
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Seed Treatment using Rhizobacteria

All rhizobacteria used was grown in soy agar tryptic and incubated for 48
hours. Colonies grown were suspended in 50 ml sterile aquadest. Before rhizobacteria
treatment was given, seeds were washed using sodium hypochlorite 70% and rinsed
using sterile water for 3 times. After the washing, seeds were put into Erlenmeyer
containing suspense and covered using alumunium foil. After all seeds filled, suspense
was put at the top of shaker for 24 hours (homogenization). When these all were done,
seeds were ready to be planted. The plantation was done by planting 4 seeds for each
hol and covered with soil.

Fertilization and Harvesting

Inorganic fertilization was done 3 weeks after the plantation. Inorganic
fertilizer used was CH4N,O (200 kg ha) or equal to 1 g polybag™!, SP-36 (P,0s= 36%,
S= 5%) (150 kg ha') or equal to 0.75 g polybag and KCI (150 kg ha') or equal to
0.75 g polibag™!. CH4N,O fertilizer was also given again 5 weeks after the plantation.
Upland rice plant was harvested when its physiology is optimum or with the criteria of
90% of grain turns yellow. The harvesting was done by cutting the upland rice using
sickle.

Observation Variable

Variable observed was vegetative and generative growth parameters.
Vegetative growth includes the plant height (cm), amount of leaves (blades), leaves
width (cm?), number of saplings (sapling), while generative growth includes the
blooming age (day), number of productive sapling (sapling), length of panicle (cm),
weight of panicle (g), amount of grain per panicle (g), percentage of blank panicle (%),
percentage of filled grain per panicle (%), weight of one thousand grains (g),
production (ton/ha), and harvest index (HI). The observation of local upland rice plant
growth was done by using changer of plants height at the age of 12 weeks after the
plantation (WAP), width of leaves after 12 weeks of plantation (WAP).Meanwhile, the
production (ton/ha) was calculated by converting the weight of 1000 grains per
experiemntal unit into the production in ton/ha using the following formula:

Welght of 1,000 grains (g) X 10,000 m?
Plantation distance of ©.25 X 0.25 X 1,000,000
Harvest index is the comparison between harvesting myield and total biomass
calculated using the following formula:
Result of Harvesting
HI= x 100 % (Salisbury, 1996)
Total Biomass
(Total Biomass = Harvesting result + dry weight)

Growth Analysis

Clean and wind-dried plants were then weighted using analytical scale. it was
then continued by drying using oven and weighted again to know the plants dry

Production =
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weight. There were three growth analysis parameters observed. The first is relative
growth rate (RGR) (g.g"!' day!) which was calculated using the following formula
In m; — In my

RGR = e (Salisbury, 1996)
th—t
Description:
Inm = Initial weight logarithm
In m, = Final weight logarithm
ty dan t; = Time interval, t, = second observation time, t; = first

observation time
The second is absolute growth rate (AGR) (g day') which was calculated using the
following formula:

mp; —m;i
AGR = - (Salisbury, 1996)
to—1t
Description :
m; = Initial weight
my = Final weight
th—t = Time interval t, = second observation time,

t; = first observation time.

Data Analysis

Observation result data were analyzed using Anova. If the analysis result
indicates Fcounc>Frable, then Duncan’s multiple range test (DMRT) would be performed
at significance level of a = 0.05. The calculation was done using Statistical Analysis
System (SAS) V.9.1.3.

Experimental design

This study was conducted at Field Laboratory of Faculty of Agriculture,
Laboratory of Agrotechnology, and Integrated Laboratory of Universitas Halu Oleo.
This study used two factorial designs with four treatment levels. The first factor was
designed for different AMF species (10 g/pots): control (M), Acaulospora delicata
(M)), Septoglomus constrictum (Mz), and Claroideoglomus etunicatum (Ms) while the
second factor was designed for different concentration of liquid organic fertilizer
(mL/pots): control (Po), 150 mL/pots (P1), 200 mL/pots (P2), and 250 mL/pots (P3). The
final experiments were designed in 16 combinations with each three replicates,
resulting in 48 experimental units.

Preparation of planting media

The planting media were ultisols which were sterilized in a furnace with a
drum container. The sterilized soils were then air-dried prior experimentation. The
sterilized soils were sorted from debris such as twigs, roots, and foliar remnants,
loosened and put into polybags measuring 30 x 40 cm weighing + 10 kg.
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Preparation of liquid organic fertilizer

Brown coconut husks were used as the raw materials for preparing the liquid
organic fertilizers. Coconut husks were cut into small fragments, then subjected to
submerged fermentation in water for 14 days. The fermentation step was stopped when
there was a presence of pungent odor or alcoholic scent with reddish fluid indicating
that the liquid organic fertilizers were ready to use for further experimentation.

Source of indigenous arbuscular mycorrhizal fungi (AMF)

The AMF strains used in this study were provided by Prof. Dr. Ir. Hj. Husna
Faad, M.P maintained in the soils at the Laboratory of Forestry, Faculty of Forestry,
Universitas Halu Oleo, Kendari. Inoculation of AMF into soybean plants were adjusted
to certain concentration levels. The soybean seeds were firstly soaked in water for 60
min. Three seeds were planted in a polybag containing 10 g of AMF soils.

Application of liquid organic fertilizers

The liquid organic fertilizers were applied at the rhizospheric region of
soybean plants. The application started after 7 day after sowing (DAS), followed
consecutively at 14, 21, 28, and 35 DAS. The sequential application were meant to
maximize the growth promoting effect from the fertilizers.

Maintenance

Plant maintenance includes watering, replanting, weeding and thinning.
Watering was given 2 times a day (morning and evening) or according to the field
conditions. Replanting was done when the plant died or displaying suboptimal growth
at 7 DAS. Weeding was done manually by removing the weeds in the polybags.
Thinning was done at 14 DAS by pulling out the plants with suboptimal growth,
leaving other plants to be maintained until harvesting period.

Harvesting

The harvesting was done by cutting the base of the soybean stem which have
undergone physiological ripening. The signs of harvest-ready soybean plants were
having the most of leaves (90-95%) turning brownish yellow and then shed, the stems
dried out and were slightly brownish yellow in color.

Experimental variables

The variables observed in this study were plant height (cm), observed by
measuring the soybean plants from the stem base until the longest plant tips. Number
of leaves was observed by counting the number of blades that have opened perfectly.
Leaf area (cm?) was measured from the length of the leaves in proportion to the width
on the upper, middle, and lower side of leaves using the following formula:
LA=LxW=xc¢

Where:

LA = Leaf area (cm?)
L = Leaf length (cm)
w = Leaf width (cm)
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C = Constant (0.74) [10]
The stem diameter (cm) was measured using calipers. All variables were measured at
14, 28, 42, and 56 DAS.

Data analysis

Experimental data were analyzed using an analysis of variance (ANOVA). If
the analysis resulted in which Feount > Frable, then multiple comparisons were performed
using Duncan’s multiple range test at 95% level of significance.

III. RESULT AND DISCUSSION

Plant Height

Indigenous rhizobacteria treatment is able to increase local upland rice plants
height. Both Paebiu Kolopua and Pae Wuna cultivars indicated that the KLKUO02
isolate treatment from North Kolaka (R2) gave highest average height compared to
KNWI11 (R3), KNS11 (R1) isolates and control (RO) (Figure 2).

Faebiu Kolopuan Fae Wuna
1SO 150
— 120 - 1RO = 120 — 1RO
= - . - -
= oo - . 11 = 90 = RrR1
—_ = o
20 « = .:i GO R2
= o I = 10 RS
) O
1 o = 10 12 | Aa L3 s 10 T2
IPIant Aoco (woeoeks after Piant Age (weecks after
plhantation) plantation)

Fig 2. Dynamics of local upland rice plant height growth on cultivar and
indigenous rhizobacteria treatment

DMRT test results showed that the interaction between cultivar and indegenous
rhizobacteria treatments significantly affected the plants height at the age of 12 weeks
after the plantation. The effect of the interaction between cultivar and indigenous
rhizobacteria on plnats height observation at the age of 12 weeks after plantation
indicated that the interaction of Paebiu Kolopua cultivar and KLKUO02, KNW11,
KNSI11 interaction treatment as well as treatment without indigenous rhizobacteria
was significantly different from Pae Wuna andt KLKU02, KNW11, KNSI11 isolates.
Furthermore, the shortest plants height was indicated by treatment without indigenous
rhizobacteria. In this case, the increase of additional height reached 29.22% (Table 1).
Table 1. DMRT test result of the effect of interaction between cultivars and indigenous

rhizobacteria on local upland rice plants height (cm) at the age of 12 weeks

after plantation
Treatment Cultivars
Paebiu Kolopua | Pae Wuna
12 weeks after plantation
Control 106.07 p c 104.62q | c
KNSI11 isolate 129.77 p b 114.58 q
KLKUO2 isolate 135.19p a 12031 q | a
KNWI11 isolate 130.90 p ab 118.06 q | ab
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Description: numbers followed by the same letters on the same column (a-c) and same
line (p-q) is not significantly different on DMRT a = 0.05

Plant height is correlated with the quantity, length, and even weight of plant
roots. Current research reported that Paebiu Kolopua cultivar and KLKUO2 isolate
treatments had more and longer roots so that this treatment was better than other
treatments (Figure 3 and Figure 4). It is suspected that the rhizobacteria isolated from
KLKUO02 was able to adapt to ultisol and produced higher IAA hormones than other
isolates. This is in line with the opinion stated [22], that IAA hormone has the ability to
control many aspects of plant growth and development such as vascular tissue
differentiation, root elongation, lateral root initiation, and plant fruit development and
maturation. A previous research reported that inoculation of maize with P. stutzeri
A1501 generated a considerable increase in shoot and root weight (20.2% and 31.2%,
respectively) when planted on sterilized soil, compared to the control without A1501
[23].

Fig 3. Local upland rice height after KLKUO2 isolate treatment; (A) Paebiu Kolopua
cultuvar, (B) Pae Wuna cultivar. Note: kontrol= control
KLKUO2 isolate treatment was able to play an active role in increasing plant growth
through its function as a producer of IAA growth hormone and N fixation from the air
and was able to release Al bonds to P elements so that P elements could be available to
plants. This is in line with the opinion stated before [24], that the group of plant growth
triggering rhizobacteria or Plant Growth Promoting Rhizobacteria (PGPR) from the
Bacillus sp. able to produce IAA hormone and dissolve phosphate, and able to fix
nitrogen from the air.Ultisol exhibits serious nutrient deficiencies [25]. Thus,
sustainable agricultural practice is urgently required to fertilize soil and maximize crop
productivity in Ultisols.
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Fig 4. Pac Wuna and Paebiu Kolopua cultivar roots after local rhizobacteria
treatment. KLKU (North Kolaka), KNW (Konawe), KNS (South Konawe)

The availability of IAA hormone for plants will lead to better root
development so that the roots will be able to absorb other nutrients, both macro and
micro thus they can be utilized by plants properly [26]. As supported by the previous
research results conducted by Aw et al., treatment of rhizobacteria Pseudomonas
mosselii S6, Bacillus thuringiensis S7, Bacillus sp. JBS-28 which has [AA activity can
promote Rice growth (grain production increased by 10.50-51.30 % under greenhouse
conditions and 4.83-9.16% in paddy fields) and damage in rice were both decreased.
Therefore, the treatment of rhizobacteria Pseudomonas spp. must get an important part
in its application in Ultisols, to maintain soil fertility and boost crop output.

Generative Growth

Number of Productive Saplings

The interaction of Paebiu Kolopua cultivar treatment and KLKUO2 isolate
showed the highest number of productive saplings which was significantly different
from the Pae Wuna cultivar and KLKUO2 isolate treatment compared to other
treatments (Table 2). The productivity is affected by the metabolic activity of P.
Fluorescens KLKUOQ2. Pratiwi et al reported that P. fluorescens concentrations of 109
cfu/mL substantially improved Fe availability in soil by 34.75% to the control [27].
The element Fe is plentiful in the earth's layers, yet it is frequently unavailable to
plants due to the colloidal mineral soil adsorbtion [28], it means that P. Fluorescens
has significant role in assisting the plants to absorb Fe in the soil for the growth.

Table 2. DMRT test results of the effect of interaction between cultivar and
indegenous rhizobacteria on the amount of productive saplings
on local upland rice

Treatment Cultivars DMRT (R)
Paebiu Kolopua Pae Wuna o= 0.05

Control 504p | d 483q|d

KNS11 isolate 837p | c 798q | ¢ 2=0.642

KLKUO2 isolate 1233p | a 10,11q | a 3=0.673

KNWI11 isolate 11.61p | b 8,75q | b 4=0.692

DMRT (V) 0.=0.05 2 =0.454

Description: numbers followed by the same letters on the same column (a-d)
and same line (p-q) is not significantly different on DMRT a = 0.05
Inorganic phosphates can be solubilized by bacteria in many ways [29]. The
transfer of H' to the outer surface of bacterium cells in return for cation uptake may be
an acid-independent route for phosphate solubilization [30], although phosphates are
mostly released as a result of soil acidification through organic acid discharge. P.
fluorescens suspension spraying to rice plants can increase the number of rice saplings
[31].
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Amount of Grain Per Panicle
The treatment of Paebiu kolopua cultivar and KLKUO2 isolate showed the
highest mean value which was significantly different from the treatment of Pae Wuna
cultivar and KLKUO2 isolate (Table 3). Treatment using KLKUO2 isolate showed the
highest value for both rice cultivars.
Table 3. DMRT test results on the effect of interaction between cultivars and
indigenous rhizobacteria on the amount of grain per panicle (grain) of
local upland rice

Cultivars DMRT (R)

Treatment )
Paebiu Kolopua Pae Wuna a=0.05

Control 119.20p | d 10433 q | d
KNS11 isolate 19273 p | ¢ 182.89q | ¢ 2=17.703
KLKUO2 isolate 29553p | a 229.009 | a 3=8.071
KNW11 isolate 274.67p | b 203449 | b 4=28.298
DMRT (V) a=0.05 2=5.447

Description: numbers followed by the same letters on the same column (a-d) and same
line (p-q) is not significantly different on DMRT a = 0.05

These results indicate that the addition of KLKUO2 inoculants to the
fertilization is recommended to increase rice production by increasing the number of
grains per panicle (Figure 5). This result was possible because of the ability of
KLKUO2 inoculants to produce auxin phytohormones and dissolve soil phosphate, and
fix nitrogen from the air for plant growth and the addition of nutrients could be
allocated for the generative phase of plants.

PAEBIU KOLOPUA

Fig 5. Results of Local Upland Rice After Treatment of Indigenous
Rhizobacteria. Note: kontrol= control
Ramette et al. [32] reported that due to its capacity to create auxin, phosphate
solubilization, and siderophore synthesis, Pseudomonas are plant growth-promoting
bacteria. Pseudomonas spp. have been shown to improve seed germination, root
development, plant growth, and yield in a variety of crops when used as seed or soil
inoculants [33]. Previous research reported that P. fluorescens (strain P1, P3, P8, and
P14) had a significant amount of work of 1-aminocyclopropane-1-carboxylate (ACC)
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deaminase, auxin synthesis, ability to solubilize phosphate and siderophore production
[34].

Production (ton/ha)

The interaction between cultivars and indigenous rhizobacteria on the
production of local upland rice showed that the highest production percentage was
found in the Paebiu Kolopua cultivar and KLKUO2 isolate (5.19 tons ha-1) and
significantly different from all treatments, while the lowest production was shown in
the Pae cultivar treatment of Pae Wuna and without treatment of indigenous
rhizobacteria (control) which were 3.16 tons ha-1 (Table 4). Pseudomonas spp.
inoculated Triticum aestivum showed an increase in biomass output and phosphate
absorption, among other things [35].

Table 4. DMRT test results of the Effect of interaction between cultivars and

indigenous rhizobacteria on the production (ton ha-1) of local upland rice

Cultivars DMRT (R)

Treatment -

Paebiu Kolopua Pae Wuna o=0.05
Control 332p | d 3.16q | d
KNSI1 isolate 427p | ¢ 4149 | c 2=0.105
KLKUO2 isolate 519p | a 445q | a 3=0.110
KNWI11 isolate 458p | b 4409 | b 4=1.113
DMRT (V) a=0.05 2=0.074

Description: numbers followed by the same letters on the same column (a-d) and same
line (p-q) is not significantly different on DMRT a = 0.05.

Harvest index

Independent treatment of indigenous rhizobacteria gave a very significant
effect on the harvest index parameters, the treatment of KLKUO2 isolates showed the
highest harvest index values which were significantly different from the treatment of
KNWI11 isolates, KNS11 isolates and without indigenous rhizobacteria (control)
(Table 5). Harvest Index (%) significantly increased by isolate KLKUO02 compared
with KNW11, KNS11, and uninoculation.
Table 5. DMRT test results Independent effect of cultivar treatment and indigenous

rhizobacteria on local upland rice harvest index

Cultivars DMRT (R)
Treatment - Average
Paebiu Kolopua Pac Wuna o=0.05
Control 20.39 17.61 19.00 d
KNS11 isolate 27.90 24.29 26.10 ¢ 2=1.487
KLKUO02 isolate 36.38 32.62 3450 a 3=1.558
KNWI11 isolate 34.45 28.78 31.61b 4=1.602
Average 29.78 a 25.83b DMRT (V) a=0.05 2=1.051
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Description: numbers followed by the same letters on the same column (a-d) and same
line (p-q) is not significantly different on DMRT a = 0.05.

The positive effect of KLKUO02 might be caused by PGPR (Plant Growth Promoting
Rhizobacteria) traits, which might be effective in improving the seed germination rate,
plant growth and harvest index. Through the phenomenon of Induced Systemic
Resistance (ISR) in rice plants, utilizing PGPR bacteria genus Pseudomonas is
important role of boosting growth bacteria for plants is to decrease or eliminate the
detrimental impacts of disease agents [36,37].

Relative Growth Rate

The effect of interaction between the treatment of cultivars and indigenous
rhizobacteria on the relative growth rate of local upland rice plants aged 42-56 showed
that the treatment of Paebiu Kolopua cultivar and KLKUO2 isolate gave the highest
value (0.107) and was significantly different from all treatments. The increase in plant
growth rate was caused by the total dry weight of plants produced by plants per unit
time. The effectiveness of Pseudomonas fluorescens KLKUO2 treatment had an effect
on plant growth. has been proven to colonize the roots of diverse plants and enhance
the height, flower number, fruit number, and total fruit weight of tomato plants when
isolated from the roots of graminaceous plants [38].

IV. CONCLUSION

The interaction of cultivar treatment and indigenous rhizobacteria has the
ability to improve the upland rice growth and results as indicated by an increase in
plant height, relative growth rate, and a very significant effect on the number of
productive saplings, number of grain per panicle, production and harvest index. The
interaction between Paebiu Kolopua cultivar and KLKUO2 isolate treatments resulted
in the highest production of 5.19 tons ha-1 with an increase in production of 56.32%
compared to the control. Pseudomonas fluorescens KLKUO02 is an indigenous
rhizobacteria that can be suggested as a stimulator for increasing local upland rice
production of Paebiu kolopua and Pac Wuna cultivars.
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