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ABSTRACT

Bio-fertilizer has been used as an alternative of the chemical fertilizer, Klebsiella oxytoca
in organic fertilizer can convert nutrients in the soil to the available form for plant growth.
This study was aimed to investigate the effects of Kiebsiella oxytocain the forms of bio-fertilizer
and liquid organic fertilizer on the growth of Ipomoea aquatica, Brassica integrifolia and Brassica
rapa chinensis. These trials were carried out in four replications of the randomized complete
block design (RCBD) in the greenhouse. Results showed that by applying organic fertilizer in
L. aquatica, plant growth parameters, soil nutrients and microbial activities were approximately
in chemical fertilizer treatment excepted for the nutrient content in plant. The nutrients in
B. integrifolia plant that grown in liquid organic fertilizer was lower than soil that apply chemical.
On the other hand, these values in B. rapa chinensis which applied with liquid fertilizer was equal
(applying fermentation fruit waste) and significant higher (applying molasses) than in the chemical
fertilizer application. The result from this study indicated that B. rapa chinensis responsed better
B. integrifolia when applied liquid organic fertilizer. The microbial activities of microorganisms
were in inverse ratio to the amount of chemical applying. The highest number nitrogen fixing
bacteria, phosphate and potassium solubilization bacteria, and Klebsiella oxytoca were found in
the soil supplemented with liquid fertilizer. The treatment of 50% of chemical fertilizer in
combination with liquid fertilizer could increase the 1. aguatica yield and improved soil nutrient.

Keywords: bio-fertilizer, liquid organic fertilizer, Kiebsiella oxytoca, Ipomoea agnatica, Brassica
integrifolia, Brassica rapa chinensis

1.INTRODUCTION

In recent years, increase of food demand  fertilizers [1]. Consequently, the ground water,
due to global overpopulation has been a  air and soil have been polluted with industrial
burden for agriculture, which is causing  substances such as potassium (K), phosphorus
the overuse of chemical pesticides and  (P) and nitrogen (N) which cause serious
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threat to human health and environment
[2]. Over-use of ammonium sulfate causes
the decline of soil fertility due to the
lowering of soil pH. In addition, overuse of
inorganic nitrogen and phosphate releases
the harmful compound into the soil, water
and atmosphere, a typical example is
phosphorus and nitrate eutrophication that
cause death of animal and the dense growth
of plant by lack of oxygen. In general,
plants absorb only 10-40% of total fertilizer
applied. In other words, 60% to 90% of
fertilizer is lost. To improve this problem,
microbial inoculation is necessary to manage
integrated nutrient for green environment
and sustainable agricultural production [3].
In the innovative point of view, the
alternatives to agro-chemicals are biological
products based on organic fertilizer [4].
Bio-fertilizer is defined as a biological
product that contains living organisms
to support for plant growth and improve
the natural fertility of soil. There are two
forms of bio-fertilizers, the solid and
liquid form. The good carriers for the solid
form should be low cost, nontoxic, easy to
sterilize, available in sufficient amount, good
absorption and maintenance of moisture,
free of lump-forming and easy to process,
suitable for seed germination and good
at buffering capacity of pH [5-6]. Liquid
bio-fertilizer is considered as the potential
strategy to increase the shelf-life of
bio-fertilizer |7]. Compared with the solid
form, liquid form allows the manufacturer
to increase the amount of nutrients and
inducers. The processing cost of the solid
form is significantly lower than that of the
liquid form. However, bio-fertilizers in
the solid form are less thermo-tolerant
compared with liquid form, which can
tolerate the high temperature of 55 °C [8].
Therefore, improve the quality of bio-fertilizer
can be success by the application of
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formulation in liquid bio-fertilizer.

Beneficial microorganisms in bio-fertilizer
can improve the nutrient in soil by their
potential of nitrogen fixation, phosphorus
metabolisms and provide plant hormones
such asindole-3-acetic acid (IAA),
gibberellic acid (GA), abscisic acid (ABA),
1-minocyclopropane-1-carboxylate (ACC)
deaminase, salicylic acid and siderophore.
Based on the characteristics and function as
the plant growth promoting rhizobacteria
(PGPRs), Klebsiella sp. are classified as
diazotrophs or nitrogen-fixers [9], and has
been predominantly used for the production
of liquid organic fertilizer and bio-fertilizer.
Striga hermonthica seeds germination was
stimulated by the mixture of Kiebsiella oxytoca
(5 X 107 cfu ml") in both laboratory and
green-house [10].

In addition, Ipomoea aquatica is a high
value vegetable and consider as local medical
for human, food for pigs and animals in
farm and has been apply widely to purify
eutrophic water. The people in the Southeast
Asia called water spinach or water cabbage,
other common name is swam spinach,
kang kong or water convolvulus. Brassica
integrifolia and Brassica rapa chinensis provide
leaves, stems, edible root, buds, seed and
flowers. They provide vitamin A, carotenes,
vitamin K, flavonoid anti-oxidants and
mineral [11]. The main product of B. integrifolia
is leave, and B. rapa chinensis is petiole.

Bio-fertilizer has been applied not only
to enrich macro- and micro- nutrient of soil
but also to support plant growth and to
increase soil organic matter by releasing
bio-degradation and antibiotics [12].
Bio-fertilizer can be applied to soil or seed
inoculants, for multiple crop production
and nutrient cycling [13]. The additional
benefits of the use of bio-fertilizer are no
side effects to ecosystem even prolonged
application of organic substances [14].
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Unfortunately, many beneficial PGPRs
are still not actively used, because agriculturists
and ecologists have only limited knowledge
about PGPRs. The main reason is the
insufficient awareness of bio-fertilizer
protocol application in the field and
technology transfer to the farmers. Recent
development of biotechnology, microbial
science, genomics and plant pathogen
interaction will be believed to optimize
bio-protocols [15]. The success of sustainable
agriculture will be affected by the success
of bio-fertilizers strategies research, following
by the inventions of PGPRs properties and
their mechanism in enhancing plant growth
and soil fertilities.

To reduce the usage of chemical
fertilizers, new strategies are need to be
developed for suitable and green agriculture.
The main aim of this study was to determine
the effect of bio-fertilizer on the growth of
L. aguatica, B. integrifolia and B. rapa chinensis,
the effect of liquid organic fertilizer on
L. agnatica plant and the microbial activities
on these soil treatments that cultivated three
vegetables by fluorescein diacetate method
in the greenhouse.

2. MATERIALS AND METHODS

This research was conducted from August
to December 2015 in the greenhouse of the
Faculty of Agriculture, Khon Kaen University,
Thailand. The ambient temperature range
was 28-36 °C and the moisture range was

67-79%. The photo period was 11-12.6 hours.

2.1 Materials

The Klebsiella oxytoca strains 1.C136922
has high potential on plant growth promoting
properties and it has good characteristics in
nitrogen-fixer, phosphate solubilization,
potassium solubilization, ACC deaminase
activities, ammonium production, IAA and
gibberellic acid production [106]. It provided
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from the Microbial Fertilizer Laboratory
group, Department of Microbiology, Faculty
of Science, Khon Kaen University, Thailand,
and was used to produce bio-fertilizer and
liquid organic fertilizer.

To make bio-fertilizer, rice straw was
ground in the small piece (5 mm) and
inoculated with the broth culture of Kiebsiella
oxytoca with the initiate cell density at
10* CFU/ml and incubated at 30 °C for
2 months [17]. Two kinds of liquid organic
fertilizers were produced by inoculating
Klebsiella oxytoca (the initiate cell density was
10* CFU/ml) into sterile molasses(diluted
100 times with sterile distill water) or
fermented fruit waste substrate (1 month
old of sterile extracted liquid organic
fertilizer form) then incubated for 15 days [17].

Three vegetables used in this study
were Ipomoea aquatica, Brassica integrifolia, and
Brassica rapa chinensis. Their seeds were
purchased from Chia Tai Company Limited,
Thailand, and were stored in the packet at
18 °C and 50% relative humidityto retain
98% germination and purity quality.

2.2 Methods
2.2.1 Soil, seed and plant preparation

Soil was ground, dried under the sun,
mixed well with rice husk ash at the ratio of
4:1, and 2.5 kg of soil was put into the pot
(14 cm X 18 cm, high: 15.5 cm). Total N, P,
K, organic matter, the pH and electrical
conductivity of the soil samples were analyzed
before and after cultivation.

The experiments were conducted by
using plastic pots placed in the green house as
a randomized complete block design with
four replications. Fifteen seeds were placed in
each pot, and only 10 strongest seedlings
were chosen for further cultivation. The plants
were watered every day in the early morning;
In the strong sunny day, plants were watered
twice in the early morning and late afternoon.
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Fresh and dry weight, shoot height;
root length, number of leaf, and nutrient
content (N, P, K) of the vegetables were
measured after harvest at the designated days.
The data of plant and soil were both taken
on the day 30 for L. aguatica and on day 40
for B. integrifolia and B. rapa chinensis.
Chlorophyll concentration was extracted by
acetone and followed by the equation [18]

Chla (mgg-1) = [(12.7 X AGG3) - (2.6 X A645)]
x ml acetone/mg leaf tissue

Chl b (mg g-1) = [(22.9 X A645) - (4.68 X
A663)] X ml acetone/mg leaf tissue

Total Chl = Chl a + Chl b

The number of microbes and microbial
activities in soil was also enumerated using
two methods before cultivation and at the
day of harvest.

The first method was the colony counting
method using selective medium to grow
nitrogen-fixing [19], potassium solubilizing
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[20] and phosphate solubilizing [21] bacteria.
Total number of the Klebsiella oxytoca isolate
was determined by enumerating the colonies
on plate count agar by spread plate technique
and re-checked this strain by Gram staining
compare to original strain [22]. In the second
method, total microbial activity in the soil was
determined by using flourescein diacetate
(FDA) hydrolysis [23 -24|

For this method, 60 mM potassium
phosphate buffer pH 7.6, 2:1 chloroform/
methanol, 1000 pg/ml fluorescein diacetate
stock solution, 2000 pg/ml fluorescein sodium
salt stock solution. 20 pg/ml FDA standard
solution were prepared to make the standards,
dilute a standard stock solution (1 pl of
2 mg/ml FDA in acetone) of fluorescein
sodium salt was perform. Stock solution
was added to a 100 ml volumetric flask and
the contents made up to the mark with
60 mM potassium phosphate buffer pH 7.6.
The standards 1 to 5 pug/ml were prepared
from the standard solution by dilution with
60 mM potassium phosphate buffer pH 7.6.
The protocol was shown in Figure 1.

| 1 ¢ soil (particle size < 2.8 mm) ]

2

| 7.5 ml phosphate Buffer ‘

Sample /

Add 0.1 ml FDA stock solution,
Shaker 25 °C, 30 min

—
—

~—
T—

i

\ABlank Sample

Add 0.1 ml acetone
Shaker 25 °C in 30 min

/

‘/

‘ Add 7.5 ml of chloroform : methanol = 2:1 ‘

Centrifuge 300 X g for 2 min

‘ 1.5 ml microcentrifuge |

1600 X g for 5 min

| Measure absorbance at 490 nm ‘

Figure 1. FDA method protocol.
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2.2.2 Evaluation of the effects of various
fertilizers on the growth of three
vegetables

The vegetable seeds were immersed in
1% (v/v) sodium hypochlorite solution for
10 minutes for sterilization of their surface,
and then rinsed three times with sterile
distilled water. The seeds were soaked in
Klebstella oxytoca supernatant (the solution of
bacteria at log phase after centrifuged) for
60 min and used for treatments, excepted
control treatments. The seeds soaked in
sterilized distilled water were used for
positive control which treated with chemical
fertilizer (NPK) and negative control
treatments. There were six treatments; 1)
negative control without fertilizer (Cont), 2)
positive control treated with chemical fertilizer
(NPK, 15-15-15), 3) treated with bio-fertilizer
of rice straw inoculated with K. oxyfoca for
2 months (B), 4) treated with liquid organic
fertilizer which was made from fruit waste
(fermentation solution after 1 month)
inoculated with K. oxyfoca for 2 weeks (L), 5)
treated with liquid organic fertilizer which was
made from molasses (diluted 100 times by
sterilized water) inoculated with K. oxytoca
for 2 weeks (M), and 6) treated with the
combination of bio-fertilizer and fruit waste
liquid organic fertilizer (C-L).

The amount of fertilizers given to the
pots was as follows: Water was applied to
the control and bio-fertilizer treatments
pots every day. NPK was given at the
dose of 0.2 g/ pot (according to the
recommendation of the maker) on the first
day of cultivation. For the two kinds of
liquid organic fertilizers 10 ml was sprinkled
to the plant every 5 days in the evening
(around 18:30 -19:00).
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2.2.3 Determination the effect of liquid
organic fertilizer and chemical fertilizer
ratio on the growth of I. aquatica

The I. aguatica seeds were sterilized.
The seeds that were soaked 60 minutes in
Klebsiella oxytoca strain H1-702 supernatant
was used for treatments, others which soaked
in sterilized distilled water were used for
NPK and control treatments. There were six
treatments including: NPK which applied
chemical fertilizer (15-15-15) 0.2g/pot;
Cont which applied only applied water,
75% NPK + L which applied chemical
fertilizer 1.5 gram/pot and liquid fertilizer
(10ml/pot/5days); 50% NPK + L: applied
chemical fertilizer 1 gram/pot and liquid
fertilizer (10ml/pot/5days); 25 % NPK + L
which applied chemical fertilizer 0.5 gram/
pot and liquid fertilizer (10 ml/pot/5days);
and L which applied liquid fertilizer
(10 ml/pot/5days)

The data of plant and soil were taken
out at day 30 of cultivating.

2.2.4 Statistical analysis

The experiments were designed as the
randomized complete block with four
replications in the greenhouse. The IBM
SPSS Statistics 19 software was used for data
analysis with least significant difference
test (LSD) atthe probability level 0.05 and
analysis of variance (ANOVA).

3. RESULTS AND DISCUSSIONS
3.1 Effects of Various Fertilizers on the
Growth of Three Vegetables

The nutrient content in soil and rice
husk ash before mixing was very low.

The content of organic matter in soil was
also very low (0.7%) (Table 1).
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Table 1. The nutrient contents in original soil and rice husk ash.

N (mg/kg) P (mg/kg) K (mg/kg) OM%
soil 168.12 609 1998 0.703
rice husk ash 0.009 0.47 0.91

3.3.1 The effect of various fertilizer on
the growth of I. aquatica

The shoot lengths of I. aguatica treated
with chemical (NPK group) or liquid organic
fertilizers (L. and M groups) were significantly
longer than the other three groups (Cont:
control, B: biofertilizer-treated and BL.: mixed
fertilizer-treated) (Table 2). Compared with
the control (23.3 cm), the root length of the
fertilizer-treated groups was about 25 cm or
longer, but no significant difference was seen
among all fertilizer treatments. Likewise, the
leaf number, leaf width and leaf length of
the NPK and L-treated groups were
significantly higher than those of Cont, B and
BL treated groups, although no difference
was seen in between NPK and L groups.
The fresh weight of the NPK and L treated
groups were significantly higher than the

other treatment groups. The dry weight
was highest in NPK treated group (Table 2).
In this study, the L. aquatica rootwas established
in the first 15 days, the average root length
of 1. agunatica slowly increased from day 15
to day 30 of cultivating; therefore, the
interaction between plant root and
microorganisms in the first stage of growing
was very important. However, bacteria
need time to adjust and activate themselves
in the soil, thus the plant treatment which
apply chemical fertilizer was growth better
in the first stage. Thereafter, the plant grew
nearly twice in the next 15 days when the
nutrient contents plays a major role.
Application of biological fertilizer, bio-humus
products on the growth of organic I. aguatica
increased 45.83% of yield by comparing to
the natural control [25].

Table 2. Growth parameters of I aguatica plants 30 days after cultivation.

Treatments  shoot root leaf leaf leaf Fresh Dry Cla Clb Total
length  length  number width length weight weight (mg/g) (mg/g) cl
(m)  (em) ) m  ©® ® (mg/2)
NPK 23.62a 25.64ab  7.35a 1.27a  10.67a 26.78a 2.66a  0.74a 0.24 0.98a
Cont 20.08bc  23.25b  6.61bc  1.10bc  9.25bc 20.37bc 1.74bc  0.63ab 0.21 0.84ab
Carr 18.41c  25.74ab  6.08c  1.06bc  8.54cd 20.70bc 2.10b  0.55ab  0.25  0.80ab
L 23.26ab 25.71ab  7.18a  120ab  9.93ab 24.17ab 2.06b  0.63ab  0.22  0.85ab
M 21.44abc  27.17a  6.87ab  117ab  9.55b 22.18bc 1.98bc  0.56ab 0.19 0.75ab
CL 19.07¢  24.78ab  6.45bc  0.99c¢  8.30d 18.37¢ 1.50c  0.54b 0.19 0.73b
T-test ok * ok ok ok ok ok ok s *
Y%CV 2.76 2.13 0.54 0.12 0.93 3.58 0.46 0.1 0.07 0.15

Note. The evalues with the same letter in each column were ns: non-significant; *: significant at P<0.05; **:
significant at P<0.01. NPK: chemical fertilizer, C: control, Carr: applying carrier, L applying liquid fertilizer, M:

applying molasses as liquid fertilizer, CL: combination of carrier and liquid fertilizer.
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The chlorophyll-a content of I aquatica
was highest in NPK treated group (0.74
mg/g) compared with the lowest content of
0.63 mg/g in L-treated and control groups.
There was no significant difference in the
chlorophyll b and total chlorophyll content
in all treatments except for the BL treated
group, which had the lowest total chlorophyll
content (Table 2).

NPK-treated group has the lower
number of NFB, PSB and Kiebsiella oxytoca,
whereas the B treated group showed the
highest number those bacteria (Figure 2). The
interesting thing to note in this study was that
the number of bacteria in the bio-fertilizer
was highest among all treatment; however, the
plant growth on bio-fertilizer was limiting
growth and their yield lower than the control.

Microoganisms in soil of I aguatica in day 30

10

B NFB 8PSB =KSB # Klebsiella

Figure 2. The number of microorganisms in
soil of I. aguatica 30 days after cultivation.
NPK: chemical fertilizer, Cont: control, B: bio-
fertilizer, L: fruit waste liquid fertilizer, M:
molasses liquid fertilizer, BL: combination of
bio- and fruit waste liquid fertilizer. NIB:
nitrogen fixing bacteria, PSB: phosphates
solubilizing bacteria, KSB: potassium
solubilizing bacteria.
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The results of soil analysis showed that
the total nitrogen nutrient was significantly
higher in BL followed by B treatment.
There was a little variation in the total
phosphorus. The highest value was seen in
NPK treated group and the lowest in B
treated group (Table 3). The potassium
content was not significantly different
among various fertilizer treatments, although
they were significantly higher than that of
the control group. The OM content was
highest in BL treated group. Soil pH was
slightly alkaline regardless of the treatments.
Similatly, soil EC was around 8-9 dS/m in
all treatments, except for that of M-treated
group (Table 3). During microbial degradation
of rice straw in soil, organic acid or di-hydro
sulfur (H,S) might be produced and
cause toxic effects on the plant root [20].
Bio-fertilizer provided a high content of
nutrient and number of useful microorganisms,
nevertheless the carrier must be qualified
in the best way before applying in the
greenhouse. The biomass of I aguatica was
enhanced in the artificial soil that mixed
subsoil with 4% of horticultural compost
(wet weight/wet weight) and 2% of sewage
sludge (dry weight/ wet weight) [27].

Figure 3 showed the nutrients in I aguatica
plant 30 days after cultivation. Compared to
nitrogen and phosphorus, potassium content
was very high in regardless of the type of
treatments, even in control group (Figure 3).
The nutrient values of the NPK-treated
plants were significantly higher than those
of the other two groups.
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Table 3. Soil analysis 30 days after cultivation of I aguatica.

Treatments Total N TotalP Total K OM % pH EC
mg/kg mg/kg mg/kg (soil) (dS/m; soil)

C 459.51¢ 9398.00c 2289.67b 0.99¢ 7.39b 8.45ab
Carr 598.26b 8877.33d 3608.00ab 1.48b 7.74ab 8.12ab
NPK 412.34¢ 10902.67a 3278.33ab 1.04c 7.63ab 9.13ab

L 429.59¢ 9629.67¢ 3453.00ab 0.84d 7.83a 1.06a

M 386.75¢ 9340.00cd 3239.67ab 0.85d 7.77ab 7.89b
CL 700.072a 10289.33b 3724.67a 1.64a 7.62ab 8.92ab
T-test * ok * ok ok ok
%CV 34 22.9 447 0.04 0.22 1.35

Note: The means values in each column: *: significant at P<0.05; **: significant at P<0.01.

NPK: chemical fertilizer, C: control, Carr: applying carrier, L applying liquid fertilizer, M:

applying molasses as liquid fertilizer, CL: combination of carrier and liquid fertilizer.

I aguaticaplant nutrients day 30

AZOO

e . 7

P — —

5 50

g 0 m:&a% wm% N,
Cont NPK B

#N ®P 2z K

Figure 3. The nutrients in Laguatica after 30
days of cultivation. NPK: applying chemical
fertilizer, Cont: control, L: applying fruit waste
liquid fertilizer; N: total nitrogen, P: total
phosphorus, K: total potassium.

By applying fruit liquid organic fertilizer,
the growth parameters of I aguatica plants
were approximate plants that grew in
chemical fertilizer, excepting nutrient contents.
This result was similar to another research
[28], liquid fertilizer inoculum with PGPR1
Klebsiella planticola presented the highest
vield of strawberry under greenhouse
condition, the application of PGPR1 to
soil also gave the highest number of total
microorganisms. In this study, the number of
Klebsiella oxytoca and total microorganisms
in soil that was treated with liquid organic
fertilizer (both fermented fruit waste and

molasses) was higher than other treatments.
The microorganisms were also growth in
the control but chemical inhibited growth
in the soil that apply. In another research,
the farmers should apply 15 liters liquid
organic fertilizer at per hectare in the early
tasseling for increasing the maize grain
yield [29].

3.3.2 The effects of various fertilizers on
the growth of B. integrifolia

In day 40 of cultivating B. integrifolia,
the fresh weight and dry weight in NPK
group -, liquid and molasses treatments -
was significantly higher than the second group
- control, B and BL treatments (Figure 11).
There were no significantly difference in the
content of chlorophyll b and total chlorophyll
in all six treatments at the harvesting day,
however, the chlorophyll a content in control
was significantly lower than the other 5
treatments. B resulted in the lowest number
of leaf, leaf width and leaf length followed
by BL treatment (Table 4). Shoot length
was lowest in B treatment (12.36 ¢cm) and
root length was significant lower in B and
control treatment (19.07 and 23.73 cm,
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respectively) while other treatments were not
significantly different in these values (Table 4).
The plant of Brassica spp. was harvested on
day 40 of cultivation. Brassica spp. were also
growth root in the first stage, the average
root of B. integrifolia (14.52 cm) was higher
B. rapa chinensis (11.86 cm). In all observation
data of tree vegetables, the yields of plants
that were treated with fruit waste liquid
fertilizer were comparable with those of
the plants treated with chemical fertilizer.
No significant difference in the pH and EC
values of soil used to grow B. integrifolia after
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20 days. The pH was lowest in molasses soil
(7.56) and EC was lowest in BL soil (80.73)
while no significant difference among the
other treatments at day 40 was observed
(Table 4). However, the chlorophyll content
was similar in all treatments of Brassica
in this experiment. To Brassicas species,
bio-fertilizer (carrier) was rather toxic for
their growth because their yield was lower
than control, this might be due to toxic
compound produced by insufficient
degradation.

Table 4. Growth parameters of B. integrifolia plants 40 days after cultivation.

Treatments Shoot Root number leaf leaf Fresh Fry Cla Clb  Total pH EE
length length  of width length weight weight (mg/g) (mg/g) Cl  (soil) (dS/my

(m) (m) laf (m) (m) (@ @ (mg/e) soil)
NPK  15.92a 22.42ab 4.40a 3.81a 6.07a 26.06a 3.00a 0.38ab 0.26  0.65 7.76a 13.28ab
C 15.14a 22.40ab 4.18a 3.55ab 5.69ab 16.30b 1.64cd 0.25b 0.30b 0.55 7.67ab 11.93ab
Carr 12.36b 19.07b 3.47b 2.62b 4.13c 14.58b 1.38d 0.43a 0.21  0.63 7.71ab 13.03ab
L 15.66a 23.75a 4.27a 3.70ab 5.86ab 28.16a 2.76ab 0.39ab 0.23  0.61 7.69ab 14.92a
M 15.65a 21.16ab 4.11a 3.46ab 5.58b 24.30a 2.25bc 0.45a 0.19  0.65 7.56b 10.92ab
CL 12.38b 21.64ab 3.71b 2.62b 4.35c 17.47b 1.57d 0.36ab 0.22  0.58 7.58ab 8.07b

T-test ok * ok ok ok ok ok * ns ns * ok
%CV 1.72 243 039 053 081 609 073 011 007 011 0.12 3.09

Note. The values in each column:ns: non-significant; *: significant at P<0.05; **: significant at P<0.01; NPK:

chemical fertilizer, C: control, Carr: applying carrier, L applying liquid fertilizer, M: applying molasses as liquid

fertilizer, CL: combination of carrier and liquid fertilizer.

The numbers of NFB, PSB, KSB and
Kiebsiella oxytoca on day 40 of the culture were
the highest in the soil treated with fruit waste
liquid fertilizer, followed by the soil treated
with B and BL fertilizers. The lowest values
were seen in NPK treated group (Figure 4).
Comparing between two kind of liquid
organic fertilizers, fruit waste liquid organic
fertilizer gave better production than did the
molasses one. This difference might be due
to higher nutrient content in fruit waste
fertilizer. Nitrogen liquid organic fertilizer
could enhance the nitrogen uptake of corn

[30].

There was no significant difference in
the nitrogen and phosphorus content in
between NPK and fruit waste liquid fertilizer
treated groups. The potassium content
was highest in the plants of NPK group
treated with chemical fertilizer (Figure 5).
In both Brassica plant the potassium
content was very high comparing to nitrogen
and phosphorus, back to the nutrient
content in raw soil the amount of potassium
was very rich and the number of potassium
was also higher the other in soil. Klebsiella oxytoca
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is known to have a potential to solubilize
potassium in laboratory experiment [31]
and in other research, Klebsiella sp. SBP-8

Microooganisms in B. integrifolia day 40

Cont NPK B L M BL

number of bacteria (log CFU/mL)

ENFB gPSB :KSB  Klebsiela
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protected the plants against adverse effects
of salt and temperatures tress [32].

Microoganiss in soil of B.rapa chinensis day 40

Cont  NPK B L M BL

number of bacteria (log CFU/mL)

BNFB NPSB EKSB i Kiebsiela

Figure 4. Number of bacteria in the soil of B. integrifolia and B. rapa chinensis 40 days after
cultivation. NPK: chemical fertilizer, Cont: control, B: bio-fertilizer, L: fruit waste liquid fertilizer,
M: molasses liquid fertilizer, BL: combination of bio- and liquid fertilizer.

Plant nutrient B. integrifoliaday 40

gTotalN sTotallP zTotal K

Nutients n B.rapa chinensis day 40

nutrients (ing/z)

Cont NFE L

#TotalN #TotalP #Total K

Figure 5. The nutrient content of B. integrifolia and B. rapa chinensis 40 days after cultivation.
NPK: chemical fertilizer, Cont: control, L: fruit waste liquid fertilizer, M: molasses liquid fertilizer;
Total N: nitrogen, Total P: phosphorus, Total K: potassium.

3.3.3 The effect of various fertilizers on
the growth of B. rapa chinensis

The shoot length of B. rapa chinensis was
high in the groups treated with NPK,
fruit-liquid and molasses treatments,
compared with the other group (Figure 11).
The root length ranged from 21.84 cm in B
treatment to 26.31 cm in NPK treatment.

The leaf number, leaf width and leaf length
in the plants that applied NPK, fruit-liquid
and molasses fertilizer was higher bio-fertilizer
(B) treatments (Table 5). The fresh weight
number was no significantly different among
treatments, excepted B (13.73 g); in addition,
the dry weight was similar trend.
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Table 5. Growth parameter of B. rapa chinensis plants on day 40 of cultivation.
Treatments shoot root number leaf leaf Fresh Fry Cla Clb  Total pH EC
length length  of width length weight weight (mg/g) (mg/g) Cl  (soil) (dS/my
e m)  leaf (m) (m) @ @ (me/g) soil
NPK 13.08a 26.31a  5.64a 2.73ab 4.87ab 19.39a 1.86 0.69ab 0.24 0.94ab 7.61a 10.61
Cont 11.14b 24.11ab 5.32ab 2.35bc 4.29b 1657ab 1.56 0.51b  0.18 0.69b 7.44a 10.15
Carr 9.25¢ 21.84b 4.89b 1.85d 3.51c 13.73b 1.46 0.60ab 0.20 0.80ab 7.51a 11.89
Liquid  13.34a 25.91ab 5.79a 2.78ab 5.14a 20.68a 1.92 0.76a 0.24 1.00a 7.2b  8.75
Mollasse  13.18a 24.12ab 5.71a 2.92a 5.15a 21.67a 2.06 0.51b 0.23 0.74ab 7.49a  8.96
CL 11.19b 22.34ab 5.60a 2.28cd 4.33b 19.47a 1.69 0.23¢ 0.16 0.40c 7.46a 12.21
T_test $ok * kk $ok Kk * ns kk ns $ok Kk ns
Y%CV 1.70  2.84 0.48 0.46 0.70 417 042 019 0.06 023 0.16 3.22

Note. The values in each column:ns: non-significant; *: significant at P<0.05; **: significant at P<0.01; NPK:

chemical fertilizer, C: control, Carr: applying carrier, L applying liquid fertilizer, M: applying molasses as liquid

fertilizer, CI: combination of carrier and liquid fertilizer.

There was no significant difference in
the chlorophyll b content, therefore, the
range of total chlorophyll was similar the
chlorophyll a content which the highest
value belonged to liquid fertilizer treatments
(1.0 mg/g total chlorophyll and 0.76 mg/g
chlorophyll a) (Table 5). The soil that cultivated
with NPK chemical, control, bio-fertilizer
and molasses had similar pH and the soil in
BL treatment was the lowest pH at day 20 of
B. rapa chinensis cultivation. The soil analysis
results show that pH was lowest in liquid
fertilizer treatments, there was no significant
difference in the EC value among all
treatments on day 40 (Table 5). During the
growth of three vegetables the pH and EC
did not change much in all soil treatment.
When bacteria grow in the soil, they might
adjust pH to the neutral to make soil suitable
for plant growth, the standard compost
was pH 5.5 - 8.5 [33].

Chemical fertilizer inhibited the growth
of microorganisms (Figure 4), the number
of bacteria was proximally 6 log CFU/mL
and Klebsiella oxytoca number was proximally
5log CFU/mL. The highest nutrients content
in B. integrifolia was the plant that applied

chemical fertilizer. The nutrients value in
B. rapa chinensis was highest in the plant
that apply molasses liquid fertilizer while
those data in the plant that applied liquid
organic fertilizer (applying fermentation
fruit waste) and the chemical fertilizer
application were equal. As a result, B. rapa
chinensis responded better than B. Zntegrifolia
when apply liquid organic fertilizer. Such
success was positive signal for applying
liquid organic fertilizer for Brassica spp.
PGPRs in bio-fertilizer supplying sufficient
both minor and major nutrients and plant
growth regulating substances [34] which
could enhance the growth and yield of
vegetable. In other research, the combination
of liquid organic fertilizer and bio-pesticide
increased the calcium content, vitamin C
and glucose content in apple fruit [35].

On the day of harvest, the potassium
content was highest among three analyzed
nutrients in B. rapa chinensis. The plant that
apply molasses which contained Klebsiella
oxytoca got the highest amount of nitrogen,
phosphorus and potassium by 27.55, 18.08
and 76.45 mg/g, respectively, followed by
liquid applying treatment which was
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significantly higher than NPK treatment
in total P and K value (6.58 and 69.94
mg/g, respectively) (Figure 5). By addition
encapsulated K. oxytoca Rs-5 in the salt
stress condition, the results were positive
effect comparing to free living cell [30].

3.3.4 The effect of combined chemical
and organic fertilizers on the growth of
I. aquatica

In this experiment, the amount of
chemical fertilizer was reduced by application
of fruit-liquid fertilizer. On the day of
harvest, the shoot length and root length
of all treated groups were significantly
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higher than those of the control group,
although no statistical differences were
seen among the treatments (Figure 11).
The number of leaf, leaf width and leaf
length of NPK, L, 50%L and 75% L treated
groups were higher than those of control
and 25% L treated groups. The fresh weight
was highest in 50%L treated group, and dry
weight was highest in NPK treated group,
but no significant difference was seen in
between NPK and 50%L treated groups
(Table 6). The chlorophyll a and b contents
at day 30 were higher in 50%L and 70%L
treated group compared with those of
control group (Table 0).

Table 6. Growth parameters of 1. aguatica plants after 30 days cultivation in the chemical :

liquid ratio test experiment.

Treatments shoot root number leaf  leaf Fresh Dry Cla Clb  Total pH EC
length length  of width length weight weight (mg/g) (mg/g) Cl  (soil) (dS/m)
)  (m) leaf (m) (m) (@ (@ (mg/e)

NPK ~ 18.85a 26.40ns 7.90a 1.22a 10.19a 24.97a 2.71a 0.70ab 0.24ab 0.94bc 7.85  2.12
Cont  14.98b 24.49ns 6.73c 0.91b 8.44c 16.46c 1.65c 0.58b 0.20b 0.78c 7.77  8.23
L 19.22a 25.11ns 7.78ab 1.14a 9.78a 23.08ab 2.19b 0.59b 0.26ab 0.85bc 7.66  8.24
25%1L. 17.61ab 24.36ns 7.43b 1.00b 9.13b 19.66bc 1.84bc 0.72ab 0.24ab 0.96abc 7.82  7.29
50%IL  19.48a 26.55ns 7.66ab 1.13a  9.74a 21.76ab 2.24ab 0.82ab 0.26ab 1.08ab 7.48  6.05
75%L  19.71a 26.19ns 7.93a 1.19a 10.14a 2142ab 1.93bc 0.90a 0.30a 1.20a 7.53  7.05

F-Test ok ns ok ok ok ok ok ok ok ok ns ns
Y%CV 235 193 047 013 070 359 045 0.19 006 023 0.17 142

Note. The values in each column:ns: non-significant; **: significant at P<0.01; NPK: chemical fertilizer, C:

control, L. applying liquid fertilizer, 25%1L.: liquid fertilizer +25% chemical, 50%L: liquid fertilizer + 50%

chemical, 75%L: 75% chemical + liquid fertilizer.

In terms of physicochemical nature of
soil, pH was low in 50% L and 75% L
treated groups and no significant difference
in other treatments (Table 6). EC in soil in
all treatments were in the range of 2.12 to
8.2 dS/m. On day 30 of cultivation, pH in
soil of I. aquatica was not significantly
different from each other in all treatments.
In all treatments that applied chemical
fertilizer, liquid organic fertilizer and the

combination fertilizer, the plant growth
parameters were not significantly different;
however, the number of microorganisms
was in inverse ratio to the amount of
chemical applying. Increasing chemical inputs
not only affect plants but also decrease
microbial communities through changes of
soil pH [37].

At day 30, the number of microorganisms
was lowest in the soil treated with chemical
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fertilizer. Liquid treatment got the highest
number of Kilebsiella oxytoca, NFB, PSB and
KSB (Figure 0).

Microoganisms in soil of I aguaticain day 30

10

NPK L 25%L  50%L  75%L

Cont

# NFB @ PSB = KSB % Klebsiella

Figure 6. Number of bacteria in soil sample
of I aquatica treated with various proportion
of fruit waste liquid organic fertilizer and
chemical fertilizer and cultivated for 30 days.
NPK: chemical fertilizer, Cont: control, L: fruit
waste liquid organic fertilizer, 25%L: liquid
tertilizer +25% chemical, 50%L.: liquid fertilizer
+ 50% chemical, 75%l.: 75% chemical +
liquid fertilizer.

The nutrient content was highest in NPK
treatment with 24.21 mg/1 nitrogen, 23 ¢
phosphorus and 155.85 mg/g potassium,
followed by L and the lowest nutrient content
belonged to control treatment (Figure 7).

Nutrients in I. aquatica day 30

%

& mw% BN mmé Y

Cont NPK L 50%L

mTotal N sTotal P % Total K

Figure 7. The nutrient content of . aguatica
30 days after cultivation with chemical
fertilizer, fruit waste liquid organic fertilizer,
and combination of both (NPK: chemical
tertilizer, C: control, L: liquid fertilizer, 50%L:
50% liquid fertilizer + 50% chemical).
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3.2 Microbial Activity Determined by
FDA Method in the Soil Treated with
Various Fertilizers After Growing Three
Vegetables
3.2.1 Microbial activity in the soil after
growing I. aquatica, B. integrifolia and
B. rapa chinensis treated with various
fertilizers

Microbial activity in soil samples was
determined using the FDA method on the
day of harvest. Regardless of the species of
plants grown, the significantly higher microbial
activitythan control was seen in bio-fertilizer
(B) treated soil followed by the soil treated
with thefruit waste liquid fertilizer (L) and
combination of the bio-fertilizer with fruit
waste liquid fertilizer (BL). Thus, application
ofbio-fertilizer andliquid organic fertilizer can
support the growth of microoganisms in soil
that growing 1. aguatica (Figure 9).

While microbial activity was higher in
B. integrifolia than in B. rapa chinensis in NPK,
Cont, L and M treatments, opposite resultswere
observed in B and BL treatments. Bacteria in
soil could not survive well under the presence
of chemical fertilizer or in the control
treatments (Figure 9). Fruit waste and molasses
fertilizers could enhance the microbial activity
in the soil for the cultivation of B. infegrifolia.

FDA-L aquatica and Brassica spp.
3.0

2.0

NE

NPK

8

Cont B L M

Fluoresoein released (ug/g/30 min)

CL

& B. integrifolia M B. rapa chinensis %R L. aguatica

Figure 9. FDA in the soil after growing L.
aquatica with supplementation of various
fertilizers. NPK: chemical fertilizer, C: control,
B: bio-fertilizer, L: fruit waste liquid fertilizer,
M: molasses liquid fertilizer, CL: combination
of carrier and fruit waste liquid fertilizer.
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Using FDA method, the total microbial
activity of the treatments was determined.
The use of100 % fruit waste liquid fertilizer
gave the highest microbial activities. Thus,
fruit waste liquid fertilizer could be applied
to enrich soil and recover the soil ecosystem.
Since combination of 50% each of chemical
and fruit waste liquid fertilizer could
increase the yield of I. aquatica in association
with the increase of soil nutrient (Table 0).
Similar to the present results, the combination
of multifunctional bio-fertilizer (mixture of
P. rubiacearum, B. erythropolis, B. pumilus
and B. subtillis) [38] and 50% of chemical
fertilizer gave the highest plant growth,
dry matter and crop yield of maize. The
combination of chemical fertilizer and
rhizobacteria gave the highest dry matter,
plant growth and crop yields of maize

[39].

0.9
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3.2.2 Microbial activity in the soil grown
I. aquatica under treatment with the
combination of liquid organicfertilizer
and chemical fertilizer

The supplementation of liquid organic
fertilizer could reduce the amount of chemical
fertilizer in soil and increase theuseful
microoganisms in soil in a dose dependent
manner (Figure 10). In a new study, hazardous
agricultural chemicals may be decreased
by beneficial PGRBs which considered as
agro-ecosystems [40]. In addition, K. oxyfoca
JM26 was found as bacteria inhibition and
had potential in bioenhancer of biofertilizer
producing [41].

FDA method is a rapid and useful
tool to determine total microbial activities
in soil samples. The combination of liquid
organic fertilizer with chemical fertilizer
can increase the yield of L aguatica, reduced
chemical and supporting microorganism

survival.

FDA - L aquatica

0.8

Cont NPK

Fluorescein released (mg/g/30 min)

0.7

0.6

0.5

0.4

03 I I
0 '

75%NPK SO%NPK ZS%NPK L

Figure 10. FDA in soil after cultivation of . aguatica with supplementation of liquid

organicfertilizer to chemical fertilizer; NPK: chemical fertilizer, C: control, L applying liquid
fertilizer, 25%NPK+1L: 25% chemical and liquid fertilizer , 50%NPK + L: 50% chemical and

liquid fertilizer, 75% NPK+L:

75% chemical and liquid fertilizer.
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Figure 11. Growth of plants at the day of harvesting

A. Brassica rapa chinensis at 40 days of cultivating

B. Brassica integrifolia at 40 days of cultivating

C. Ipomoea aguatica at 30 days of cultivating

4. CONCLUSION AND SUGGESTION

In the greenhouse experiment, the
liquid organic fertilizer prepared from fruit
wastes substrate and Klebsiella oxytoca could
enhance growth of three vegetables,
L. aquatica, B. integrifolia and B. rapa chinensis.
Fruit waste liquid organic fertilizer improved
the soil nutrient, biological properties and the
number of bacteria in the soil. Molasses liquid
organic fertilizer also gave positive results
for plant growth. In contrast, the application
of bio-fertilizer in the form of rice straw
carrier caused rather toxic effect on plant
growth; this might be due to toxic compound
produced by insufficient degradation [42].
Chemical fertilizer had a side effect for the
microbial activity of the soil.

Further study is required to produce high
quality liquid organic fertilizer of commercial
level based on their good quality and long
shelf life. Incomplete degradation of carrier
may produce organic toxic substances to
cause suppression of plant growth. More
research on the application of K. oxytoca in
liquid organic fertilizer and bio-fertilization
should be carry out under the field condition.
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