INTERNATIONAL JOURNAL OF BIOLOGY AND BIOMEDICAL ENGINEERING

DOI: 10.46300/91011.2020.14.17

Volume 14, 2020

The Influence Of Treatment Variation Of Plant Promoting Bacteria In
Cultivation On The Quality Of Chinese Cabbage (Brassica rapa L. Ssp.
pekinensis)

TRIANIL I G.A.L", SOEMARNO?, B. T. RAHARDIJO? dan E. ZUBAIDAH*

1) Doctoral Student, Faculty of Agriculture,
e-mail : lanitriani@yahoo.com*
2) Department of Soil Science, Faculty of Agriculture
3) Department of Pests and Plant Diseases, Faculty of Agriculture
4) Department of Agricultural Product Technology, Faculty of Agricultural Technology
Brawijaya University, East Java, Indonesia, 65145

Received: July 23, 2020. Revised: August 22, 2020. Accepted: August 24, 2020.
Published: August 25, 2020.

Abstract— The use of plant promoting bacteria in
experimental land in Mayungan village, Tabanan, Bali is an
effort to reduce the use of chemicals during Chinese cabbage
(Brassica rapa L. Ssp.pekinensis) cultivation.This research
was conducted to determine variations in the treatment of
plant-promoting bacteria on the quality of Chinese cabbage
produced. Chinese cabbage results from variations in the
treatment of Plant Growth Promoting Rhizobacteria (PGPR)
compared with Chinese cabbage obtained from conventional
farmers. This research uses factorial randomized block design
with 2 factors. The first factor is the duration of the seeds
soaking with PGPR solution namely 0, 10, 20, and 30 minutes,
while the second factor is the use of PGPR concentrations
when watering the plants in the beds (plant age 2 weeks),
namely: 0; 1.25; 2.5 and 3.75 cm’/L. Data from laboratory
analysis results were analyzed using analysis of variance, then
the data analyzed by using the Tukey test at the 5% level, the
data processing using the Minitab17 program. Determination
of the best treatment is determined based on the effectiveness
index (EI) method. In the treatment variation of the use of
PGPR slightly increases the levels of organic matter and
Nitrogen, Phosphorus, Potassium of the soil, while the yield
and plant height are slightly below Chinese cabbage which
derived from conventional farmers. Based on the research
results variations in the use of PGPR has the influence on the
chlorophyll content, total dissolved solids, texture, brightness
levels, but does not has an influence on the vitamin C in
Chinese cabbage. The research results obtained Chinese
cabbage with seed soaking for 20 minutes and the use of
PGPR when watering plants in the beds equal to 2.5 cm?/L is
the best result, these results are almost the same as Chinese
cabbage from conventional farmers.
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I. INTRODUCTION

Chinese cabbage (Brassica rapa L. Ssp.pekinensis) is one
of the food ingredients that is easily obtained and liked by the
public. Chinese cabbage which is sold in Bali, precisely in
Denpasar City (the provincial capital) comes from Tabanan
Regency. Farmers have obstacles during this Chinese cabbage
cultivation. In addition to weather and climate factors, the
biggest problems faced by farmers during cultivation are pests
and plant diseases. The easiest, quickest and most effective
solution to overcome plant pest and disease problems is by
using pesticides. The type of pesticide that is most widely used
by farmers in Bali is insecticide coupled with the use of
fungicides. Both types of pesticides are routinely used to treat
pests and diseases in horticultural crops.

Pesticides are used in seed production, pre-planting,
during crop formation, through crop development and plant
maturation to maximize crop yields, quality and customer
attractiveness [23]. To overcome the use of chemicals in
vegetable cultivation, environmentally friendly technology
known as organic farming is applied. Conversion to organic
farming illustrates the process of learning and implementation
of agricultural change towards sustainable and natural
farming. The form of the process varies depending on the local
circumstances of the agricultural land [24].

One of the environmentally friendly technologies used in
cultivation is to utilize bacteria in the soil. The rhizosphere is a
narrow zone of soil that is specifically affected by the root
system. The root zone affects microbial populations of about
10 to 100 times, on the competition for nutrients and the
presence of species that exhibit a wide range of functional
diversity and metabolic flexibility. Rhizosphere soil contains a
wide variety of genera of bacteria called rhizobacteria, which
exhibit beneficial effects on plant growth. Beneficial and free-
living rhizobacteria are usually referred to as plant growth-
promoting rhizobacteria (PGPR). PGPR comes from various
genera such as Azospirillum, Azotobacter, Bacillus,
Burkholderia, Corynebacterium, Pseudomonas, Rhizobium,
Serratia, etc., where Bacillus and Pseudomonas spp. very
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dominant. The function of PGPR is to synthesize certain
compounds for plants, facilitate absorption of nutrients from
the soil, and reduce or prevent plants from disease [12].
Several studies use PGPR in [8], isolation of different PGPR
strain and use it as inoculums for rice grown in pots. As the
result occurs a significant increase in inoculated plants than in
not inoculated plants. In the research [13] demonstrated that
the PGPR strain protected cabbage against black rot and
improved growth in greenhouse and field conditions. The
PGPR strain can protect from the attacks of Ralstonia
solanacearum on tomatoes and Colletotrichum gloeosporioides
on cayenne pepper and cucumber. Research [16], on the
inoculation of plants with beneficial plant growth promoting
bacteria (PGPB), raises a valuable strategy for restoring
ecosystems. This study highlights the effects of native PGPB
after 1 year inoculation on native shrub growth and
rhizosphere  composition and activity of microbial
communities under drought stress conditions. This study
inoculated three semi-arid Mediterranean zone plant species,
Thymus vulgaris, Santolina chamaecyparissus and Lavandula
dentata with Bacillus thuringiensis strain IAM 12077. The
IAM 12077 strain is a sustainable option for restoring
degraded soil without damaging and affecting the structure
and activity of the microbial community of the rhizosphere in
the long term.

Several studies above on the use of growth-promoting

bacteria are an effort to reduce the use of chemicals in plant
cultivation. The application of environmentally friendly
technology with the use of growth-promoting bacteria is
something that needs to be done for farmers in Bali, especially
all farmers in Mayungan Village, Tabanan, in order to start
using natural materials as fertilizers and pesticides towards
organic farming. The application of this technology is
expected to produce vegetables with almost the same quantity
and quality and even better than the yields of conventional
farmers. The result of the best quality vegetables at affordable
prices is expected to increase the income and welfare of
vegetable farmers. As well as research conducted by [18] on,
the impact of the increase in rubber prices caused the total
household income also increase by 19.309 percent. This
means that the economic welfare of farmer households is
improved. The increase in income enables the farmer
households to spend more income especially for food and non-
food in daily needs.

II MATERIAL AND METHOD

Place and time of the research: This research was carried
out in Mayungan and Batunya Villages, Baturiti Subdistrict,
Tabanan Regency, Bali. Laboratory analysis was carried out
at the Laboratory of the Faculty of Agricultural Technology,
Udayana University, Bali, Indonesia and the implementation
of this research from August 2018 to June 2019.

Experimental design: The experimental design uses
factorial randomized block design with 2 factors. The first
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factor is the soaking duration the seeds with PGPR solution
namely 0, 10, 20, and 30 minutes, while the second factor is
the use of PGPR concentrations when watering the plants in
the beds/bedengan (plant age 2 weeks), namely: 0; 1.25; 2.5
and 3.75 cm’/L. The treatments were grouped into 3 groups
so that 48 experimental units were obtained.

Research material: The soil and Chinese cabbage from land
in Mayungan Village and conventional farmers in Batunya
Village, as well as PGPR obtained from the Plant Pest and
Disease Laboratory, Brawijaya University, Indonesia. The
chemicals used for the analysis are acetone, sodium
phosphate, potassium dichromate, sulfuric acid, ferroin
indicator, copper sulfate, sodium hydroxide, hydrochloric
acid, boric acid, ammonium hydroxide,
molybdate, and ascorbic acid standards.

ammonium

Research implementation: Soil before planted with the
seeds, conducted fertilization with organic fertilizer
(cow/chicken manure). Chinese cabbage seedlings that used
amounted to 50 g and soaked in the 1L of PGPR solution. The
soaking solution is made of 5 ml PGPR added 1 L of water,
stirring until well blended, then placed in a glass soaking
solution made of 5 ml of PGPR is added with 1 L of water,
stirring until well blended, then placed in a glass with each
containing 250 ml of solution. 50 g of seeds, made into 4
parts, each measuring 12.5 g, then put in a glass that contains
250 ml of PGPR solution. Then the immersion was carried
out according to the treatment, namely 0, 10, 20 and 30
minutes. Seeds of Chinese cabbage soaking results are ready
to be sown in the space provided (try pots with fertile soil
growing media). In general the seeds grow + 7 days, if the
seeding process has emerged shoots with a height of £ 5 cm,
then the shoots are ready to be transferred to the beds that
have been prepared for further growth. Age of plants + 14
days or after seedlings are in the beds, conducted spraying
with PGPR concentrations according to treatment namely 0;
1.25; 2.5 and 3.75 cm®/L, which were applied to plants in the
experimental field. The experimental land was made of two
beds, one experimental beds plot with the size of 1 m x 6 m,
with details of 1 beds containing 4 treatment plots, each
treatment plot area namely 1 m x 1.5 m, containing & 16 holes
which the distance between the rows was 20 cm. An image of
the experimental plot layout can be seen in Figure 1. Photos
of Chinese cabbage plants on the experimental land can be
seen in Figures 2a and 2b.

Data collection: Analysis of organic matter and Nitrogen,
Phosphate, Potassium in soils [3], the amount of harvest
calculated from experimental land and conventional farmers,
Plant height is measured from the base of the stem to the
highest leaf tip using a measuring device. Chlorophyll was
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measured using a spectrophotometer with optical density
(OD) measurements at wavelengths of 645 and 663 nm [4].
Vitamin C is read on a spectrophotometer with a wavelength
of 695 nm [9]. Total dissolved solids were measured by a
digital TDS device. For texture and brightness levels is
measured using a texture and color analyzer.

Statistical analysis: Laboratory analysis data obtained, then
analyzed using analysis of variance (ANOVA), then the data
were analyzed by the Tukey test at 5% level, the data
processing using the Minitab 17 program.

Determination of the best treatment is determined based on
the effectiveness index (EI) method. The test steps: (1) Rank
Attributes in order of decreasing importance, (2) Determine
the weighted value of each variable (VW) with relative
numbers 0 - 1, (3) Determine the normal weight (NW) of each
variable by dividing the weight of each variable by the sum of
all variable weights, (3) Determine the value of effectiveness
(EV) of each variable, with the formula:

_ (Treatment value — Worst value)

(Best value — Worst value)

Information :

For variables with the greater value the better, then the highest
value is used as the best value and the lowest value is used as
the worst value. Conversely, for variables with the smaller
value the better, the lowest value is used as the best value and
the highest value is used as the worst value.

(4) Next, determine the result value with the formula :
Result value = EV x NW

(5) The result value of all variables is added up, then the best
treatment combination that has the highest result value is
selected [1].

III RESULTS AND DISCUSSION

Soil :The soil where the Chinese cabbage cultivated was
previously analyzed to determine the state of the soil, and
used as a comparison with the land that using PGPR. Soil
analysis before and after using PGPR can be seen in Table 1.

In Table 1 shows that after conducted Chinese cabbage
cultivation with the use of PGPR obtained a slight increase
in levels of organic matter (BO) and levels of N, P, K. This
is because after the application of the use of PGPR, bacteria
in the soil are more active in absorbing mineral nutrients so
that there is a slight increase in the levels of organic matter
and N, P, K.

The results of the increase in the levels of organic matter
and NPK in the soil after the use of variations of the PGPR
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treatment in the experimental field in Mayungan Village,
Bali, are similar to the statement from [11], the use of
bacterial fertilizers has made improvements in terms of
growth, health and yield of plants. PGPR also supports
growth and reduces phytopathogens on yield and growth.
The results of PGPR inoculation are strongly influenced by
plant age, chemical, physical and biological properties of the
soil. Then the future prospects can be a substitute for
chemical fertilizers and support ecosystems in Indonesia as
one of the conditions for food security. The results of
research on increasing phosphate in soil, supported by
statements from [20], which isolates phosphate solvent
bacteria from the Dipterocarpus alatus root system capable
of dissolving higher amounts of FePO4 and also producing
indol-3-acetic acid. Phosphate solvent bacteria isolated from
the D. alatus root system have beneficial potential in
sustainable organic farming systems
agrochemical in agriculture. PSB
considered important before the use of biological fertilizers
in crop production. [19] Research, plants that are symbiotic
with mycorrhizal fungi have the ability to absorb nutrients
and water higher because of the existence of mycorrhizal
fungal hyphae. In addition, mycorrhizal fungi can dissolve

and reduce

use isolation was

phosphate so that the availability of phosphorus in the soil
increases. The results of [21] research found that the
combination of bokashi fertilizer and arbuscular mycorrhizal
fungus can be improved and increase the growth and yield of
soybeans in marginal dry land. The combination of bokashi
fertilizer at a dose of 15 t haG1 with mycorrhizal fungus at a
dose of 15 g / planting hole gave the highest yield namely
1,59 t haGl.

Total harvest: The yield of Chinese cabbage from the
variation of PGPR treatment namely 166, while 26 were
damaged. Chinese cabbage produced by conventional
farmers namely 175, while 17 were damaged. Chinese
cabbage cultivation by seed immersion using PGPR
treatment and PGPR spraying after planting in the beds, the
yield is quite good, the leaves are strong, hard, leaf green
color and fresh. Chinese cabbage from the yield of variations
in PGPR treatment can be seen in Figure 3 and to see
Chinese cabbage from conventional farmers can be seen in
Figure 4.

The yields with variations in PGPR treatment are less
than yields from conventional farmers, due to pest attacks.
The effect of plant-promoting bacteria increases germination,
but after the cabbage starts to form leaf segments, the
caterpillar starts to attack the Chinese cabbage. On the leaf
segments there are a few holes caused by caterpillar bites,
but not all leaves are eaten by caterpillars. Chinese cabbage
leaf strands look fresh and have the dark green color for the
outer strand layer, but for leaf strands inward have the light
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green color. Chinese cabbage from conventional farmers,
fewer pest attacks, because insecticide applications are given
to overcome these pests, the cabbage produced the outer leaf
strands have a dark green color, the inward leaf strands have
a green color, the leaves are quite hard, dense and fresh. In
accordance with the results of the study of [14] show that the
use of biological fertilizers, separately or in combination,
increases the germination of Onobrychis sativa L. The results
of his research stated that the use of biological fertilizers
containing rhizobacteria can be effective in germination and
absorption of nutrients. Another important aspect in using
microorganisms of rhizobacteria type is the selection of
suitable species from each climate, plant type and
environmental conditions, because bacteria can have the
highest effect on the growth of plant species.

Plant height: The graph of the growth of Chinese cabbage
from the use of PGPR and the results of conventional
farmers during planting period to harvest (6 observations)
can be seen in Figure 5. The Chinese cabbage from the
PGPR treatment had a final average height before harvest
namely 45 cm, while cabbage from conventional farmers
namely 42.50 cm. Observations were carried out by
measuring plant height every 7 days, taken from samples of
Chinese cabbage plants, each treatment randomly and carried
out 3 times measurements, then averaged as height data of
Chinese cabbage plants of each treatment.

In Figure 5 it can be seen that the growth of cabbage has
increased every observation. However, not all Chinese
cabbage with PGPR treatment experience high growth that
exceeds the yield of Chinese cabbage produced by
conventional farmers, only 10 treatment that higher and the
remaining is almost the same growth with Chinese cabbage
from the yields of conventional farmers. The results of this
growth were supported by research by [7], on the 6th day
observation on Brassica juncea L after planting, there were
differences in the root length of the plants in each treatment.
The average root length of each treatment namely PF (P.
fluorescens) 6,625 cm, BS (B. subtilis) 7,1 cm, PF + BS (P.
fluorescens and B. subtilis) 5,735 c¢m, and control (without
treatment) 2,95 cm. This shows that PGPR can stimulate the
growth of roots and leaves of cabbage plants. Inoculation
PGPR can increase the growth, germination, and harvest of
cultivated plants. It is known that PGPR is able to colonize
the root surface area and is associated with root plants.
Several reports from researchers show that B. subtilis and P.
fluorescens have the ability to efficiently master roots and
increase crop yields by increasing plant metabolism.

Chlorophyll levels:The results of the analysis of variance
showed that the interaction between seed soaking time with
PGPR and the use of PGPR when watering the plants in beds
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had a very significant effect (P <0,01) on chlorophyll content
in Chinese cabbage. Data on chlorophyll content can be seen
in Table 2.

Table 2 shows that the highest chlorophyll content was
shown in seed immersion time with PGPR for 20 minutes and
the use of PGPR when watering plants in beds amounted to
3.75 cm’L namely 101.02 mg/L, while the
chlorophyll content was shown in soaking time of the seeds
with PGPR for 10 minutes and without the use of PGPR when
watering plants in beds namely 27.21 mg/L, which is not
significantly different from the seeds soaking time with PGPR
for 30 minutes and without the use of PGPR when watering
plants in beds namely 28.38 mg/L. This is due to the
application of PGPR on seeds before planting namely soaking
from 10-30 minutes and application of PGPR watering on
Chinese cabbage when it is already planted on beds amounted
to 1.25-3.75 cm?/L affects on the chlorophyll content
produced by Chinese cabbage plants. The research results
showed that the average chlorophyll content in Chinese
cabbage with PGPR treatment was quite high compared to the
yield of Chinese cabbage produced by conventional farmers
amounting to 63.74 mg/L. Some Chinese cabbage from PGPR
treatment, there are some have higher levels of chlorophyll

lowest

and some are lower than produced by conventional farmers.
This is due to PGPR's performance against pests and diseases
and its activities in producing chlorophyll.

The chlorophyll content in leaves is an important
parameter for testing plant status, as it is used as an index of
photosynthetic potential and plant productivity. In addition,
chlorophyll provides an indirect estimate of nutritional status,
because a lot of leaf nitrogen is included in chlorophyll. In
recent years, chlorophyll is the most important pigment in
green plants, not only as a food coloring, but also chlorophyll
content as a healthy food ingredient [15]. Mustard plants
besides as a source of food, seeds and its seed oil can be used
as an herbal medicine. As the results of the evaluation [17],
mustard plant is a plant species in the genera of Brassica and
Sinapis, in the family of Brassicaceae. Its scientific name is
Brassica. Mustard seeds are the small round seeds of various
mustard plants, (2) The seeds are usually about 1 to 2
millimetres (0.039 to 0.079 in) in diameter and may be
colored from yellowish white to black. Black mustard seed is
used for causing vomiting, relieving water retention (edema)
by increasing urine production, and increasing appetite.

Vitamin C :The results of the analysis of variance showed
that the interaction between seed immersion time with PGPR
and the use of PGPR when watering plants in beds had an
effect but not significant (P <0.01) on vitamin C levels in
Chinese cabbage. Data on vitamin C levels can be seen in
Table 3.

Table 3 shows that the highest level of vitamin C was
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shown in the soaking time of seeds with PGPR for 20
minutes and the use of PGPR when watering plants in beds
amounted to 2.5 cm*/L namely 257.93 mg/100 ml, while the
lowest levels of vitamin C indicated on the immersion time
of seeds with PGPR for 30 minutes and the use of PGPR
when watering plants in beds amounted to 1.25 c¢cm’/L
namely 124.98 mg/100 ml, which is not significantly
different from the seeds soaking time with PGPR for 30
minutes and the use of PGPR when watering plants in beds
equal to 3.75 cm’/L namely 141.75 mg/100 ml. The results
showed the average level of vitamin C in Chinese cabbage
which given PGPR treatment was quite high compared to the
yield of Chinese cabbage produced by conventional farmers
amounted to 147.93 mg/100 ml. This is due to the bacterial
activity in cabbage which given the PGPR treatment
increasing seen from the level of vitamin C produced is quite
high. This statement is in accordance with the research [10],
plant growth-promoting bacteria (PGPR) can operate with
many physiological, molecular and biochemical pathways.
One of the less well-known engagements in this interaction
is the role of vitamins. Vitamins can be produced by plants
and bacteria.  Specifically, during plant-microbial
interactions, vitamins (derived from root exudates or
produced by rhizosphere bacteria and fungi) can influence
PGPB proliferation around the root system. [6] states that
plants to get vitamins by maintaining interactions with
microbes (in PGPR), in the rhizosphere environment so that
vitamins are available. Some bacteria that may play a role in
this process are Gluconobacter, Acetobacter, Pseudomonas,
and Bacillus megaterium, capable of converting D-glucose,
Dsorbitol, or L-sorbose to 2-keto-L-gulonic acid (2-KLGA)
in a very efficient pathway, the results can be converted to L-
ascorbic acid by esterification.

Total dissolved solids: The results of the analysis of variance
showed that the interaction between the time of immersion of
seeds with PGPR and the use of PGPR when watering the
plants in the beds had a significant effect (P <0,05) on the
total dissolved solids in Chinese cabbage. Data on total
dissolved solids can be seen in Table 4.

Table 4 shows that the average total dissolved solids in
Chinese cabbage was shown in seeds soaking with PGPR for
10 minutes and the use of PGPR when watering plants in
beds amounted to 1.25 cm*/L namely 3.25% brix, while the
lowest total dissolved solids were shown on the seeds
soaking with PGPR for 30 minutes and the use of PGPR
when watering the plants in beds equal to 2.5 cm’/L namely
1.55% brix. The results of this study indicate that the average
total dissolved solids in chinese cabbage which given the
PGPR treatment is quite high compared to the yield of
Chinese cabbage from conventional farmers amounted to
2.03% brix. Observation of total dissolved solids is useful as
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an indicator of changes in cabbage as well as related to total
acid, wherein the process of maturation there is a progressive
increase in total dissolved solids as a result of the
transformation of polysaccharides into sugar [22].

Texture:The results of the analysis of variance showed that
the interaction between seed soaking time with PGPR and the
use of PGPR when watering plants in beds had a very
significant effect (P <0.01) on the texture of Chinese cabbage.
Texture data can be seen in Table 5.

Table 5 shows that the highest mean value of Chinese
cabbage texture was shown in seed soaking time with PGPR
for 30 minutes and without the use of PGPR when watering
the plants in the beds namely 27.42 kg.m/sec?, while the
lowest value of Chinese cabbage texture was shown without
seed immersion and without the use of PGPR when watering
plants in beds namely 18.05 kg.m/sec’, which is not
significantly different from the time of soaking seeds with
PGPR for 10 minutes and the use of PGPR when watering
plants in beds amounted to 1.25 cm’/L namely 18.46
kg.m/sec?, and without soaking the seeds with PGPR and the
use of PGPR when watering plants in beds as much as 1.25
cm’/L namely 19.03 kg.m/sec’. The results of this study
indicate that the mean texture value of Chinese cabbage which
given a PGPR treatment some texture values are rather hard
and crispy, the rest harder than the yields of Chinese cabbage
from conventional farmers by 27.12 kg.m/sec’. The seeds
soaking and the use of PGPR solution after planting it in the
beds, affect the texture of the Chinese cabbage yields. Some
Chinese cabbage textures resulting from PGPR treatment are
softer or crunchier than Chinese cabbage on the market.
Hardness value indicates the freshness level of fruits and
vegetables, but the value of hardness is said to be good not
because of high or low values, but depends on the condition of
the fruit and vegetables [2]. Plant tissue generally contains
more than two thirds of the water, the relationship between the
components and water further determines the difference in
texture [5].

Brightness levels: The results of the analysis of variance
showed that the interaction between the time of seed soaking
with PGPR and the use of PGPR when watering the plants in
the beds had a very significant effect (P <0,01) on the
brightness levels on Chinese cabbage. Data on the brightness
levels can be seen in Table 6.

Table 6 shows that the highest Chinese cabbage
brightness levels is shown in seeds soaking with PGPR for 30
minutes and the use of PGPR when watering plants in beds as
much as 3.75 cm’/L namely 46.63; which is not significantly
different from without soaking and without the use of PGPR
when watering plants in the beds namely 45.58 and the time of
seeds soaking for 30 minutes and the use of PGPR when
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watering plants in the beds amounted to 2.5 cm’/L namely
45.97. For the brightness levels in Chinese cabbage, the lowest
is shown in the seeds soaking with PGPR for 10 minutes and
the use of PGPR when watering plants in beds as much as 2.5
cm®/L namely 29.31. The results of this study indicate that the
brightness levelson Chinese cabbage which given the PGPR
treatment is less bright (tends to be a bit dim color, but the
appearance is fresh) compared to the yields from conventional
farmers amounted to 58.11. The PGPR treatment Chinese
cabbage does look less bright, the color is more likely to light
green, less dark, and more to yellowish-green. According to
[5], the bright green colour of leaves and other parts of plants
is largely due to the oil-soluble chlorophylls, which in nature
are bound to protein molecules in highly organised complexes.
When the plant cells are killed by ageing, processing, or
cooking, the protein of these complexes is denatured and the
chlorophyll may be released. Such chlorophyll is highly
unstable and rapidly changes in colour to olive green and
brown. This colour change is believed to be due to the
conversion of chlorophyll to the compound pheophytin.

The results of the treatment variation effectiveness test of
seeds soaking with PGPR solution and the use of PGPR
concentrations when watering plants in beds to determine the
optimal PGPR use conditions of Chinese cabbage can be seen
in Table 7.

Table 7 shows that the effectiveness index (EI) of 16
variations of the PGPR treatment, obtained with the highest
value is 0.66. The results of seeds soaking with PGPR
solution for 20 minutes and the use of PGPR concentrations
when watering plants in beds as much as 2.5 cm?/L is the best
EI results, then followed by without the PGPR soaking and the
use of PGPR concentrations when watering amounted to 1.25
cm®/L with EI value namely 0.64 and immersion of seeds with
PGPR solution for 20 minutes and use of PGPR concentration
when watering 3.75 cm®/L with IE value of 0.56.

I'V CONCLUSION

In this study it was concluded that variations in the
treatment of PGPR use slightly increased the content of
organic matter and NPK in the soil, but yields and plant
heights were slightly lower compared to yields of
conventional farmers. Variations in PGPR treatment
significantly affected chlorophyll content, total dissolved
solids, texture and brightness levels, but had no significant
effect on Vitamin C in Chinese cabbage. The research results
obtained Chinese cabbage with seed soaking for 20 minutes
and the use of PGPR when watering plants in beds amounted
to 2.5 cm’/L is the best result with the characteristics of
chlorophyll levels: 66.79 mg/L, vitamin C: 257.93 mg/100 ml,
TDS: 2.90% brix, texture: 24.05 kg.m/sec’ and brightness
levels: 38.81.

RECOMMENDATIONS
Research with the treatment variation in the use of
growth-promoting bacteria (PGPR) must be carried out
repeatedly, in order to get better quantity and quality than the
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conventional farmer yields. The application of the PGPR use
treatment during vegetable cultivation is an effort to reduce
the use of chemical fertilizers and pesticides, in the future this
step can reduce environmental pollution.
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Figure 1. Experiment layout

Information :
1. S = the soaking duration the seeds with PGPR solution namely 0, 10, 20, and 30 minutes (S0, S1, S2, S3)
2. C = spraying with PGPR concentrations according to treatment namely 0; 1.25; 2.5 and 3.75 cm*/L (C0, C1, C2, C3)
3. One experimental bed plot measuring 1 m x 6 m with details of 1 bed containing 4 treatment plots, each treatment plot
measuring l mx 1.5 m
4. One treatment plot measuring Im x 1.5 m, containing 16 holes with a distance between the rows is 20 cm.

Figure 2a. Photo of Chinese cabbage plant Figure 2b. Photo of Chinese cabbage plant
(age + 18 days) in the experimental land (aget 41days) in the experimental land
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Table 1. Soil analysis data before and after using PGPR

Level Before After
Organic matter (%) 2.87 3.45
N (%) 0.23 0.57

P (mg/Kg) 143.79 338.54

K (mg/Kg) 184.24 289.15

Source: data from laboratory analysis (2019)

Figure 3. Chinese cabbage from variations in PGPR treatment Figure 4. Chinese cabbage from conventional farmers
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Figure 5. Graph of the cabbage growth with the treatment of PGPR and conventional farmers for 6 times observations
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Table 2. Data on chlorophyll content

Volume 14, 2020

Treatment variation

. Chlorophyll levels
Seed soaking time (minutes) Concentration of the PGPR use when (rI:lg}/]L)
watering (cm®/L)
0 0 36.73f
10 0 27.21g
20 0 45.69¢
30 0 28.38¢g
0 1.25 32.94fg
10 1.25 51.99cde
20 1.25 56.13¢
30 1,25 45.63¢
0 2.5 44.73¢
10 2.5 58.13¢
20 2.5 66.79b
30 2.5 53.86¢d
0 3.75 48.77de
10 3.75 68.5b
20 3.75 101.02a
30 3.75 51.53cde
Yield from conventional farmers 63.74

Information : The mean value followed by different letters shows significantly different results (P < 0,05).

Source: data from laboratory analysis (2019)

Table 3. Data on vitamin C levels

Treatment variation

Concentration of the PGPR use

Vitamin C levels

Seed soaking time (minutes) when watering (cm®/L) (mg/100 ml)
0 0 167.60ab
10 0 162.20ab
20 0 185.90ab
30 0 151.07ab
0 1.25 215.77ab
10 1.25 191.50 ab
20 1.25 154.95ab
30 1,25 124.98b
0 2.5 201.20ab
10 2.5 208.40 ab
20 2.5 257.93a
30 2.5 155.00 ab
0 3.75 185.05ab
10 3.75 167.85ab
20 3.75 163.78ab
30 3.75 141.75b

Yield from conventional farmers 147.93

Information : The mean value followed by the same letter indicates an insignificant difference (P> 0,05).
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Table 4. Data on total dissolved solids

Treatment variation

Total dissolved solid
Concentration of the PGPR use when otal A1ssolved Sods

Seed soaking time (minutes) watering (cm¥/L) (% brix)
0 0 1,75de
10 0 2.35abcde
20 0 2.25bcde
30 0 2.00cde
0 1.25 3.15ab
10 1.25 3.25a
20 1.25 2.05cde
30 1.25 2.00cde
0 2.5 2.10cde
10 2.5 3.10ab
20 2.5 2.90abc
30 2.5 1.55¢
0 3.75 2.50abcde
10 3.75 2.70abcd
20 3.75 2.40abcde
30 3.75 1.89de

Yield from conventional farmers 2.03

Information : The mean value followed by different letters shows significantly different results (P < 0,05).
Source: data from laboratory analysis (2019)

Table 5. Data on texture

Treatment variation

L . Concentration of the PGPR use when Texture (kg.m/sec?)
Seed soaking time (minutes) . 3
watering (cm’/L)

0 0 18.05f
10 0 23.53bcde
20 0 24.56bc
30 0 27.42a

0 1.25 19.03f
10 1.25 18.46 f
20 1.25 26.71abc
30 1,25 24.98bc

0 2.5 27.08ab
10 2.5 21.80cdef
20 2.5 24.05bcd
30 2.5 27.14ab

0 3.75 26.31abc
10 3.75 20.88def
20 3.75 22.54bcdef
30 3.75 22.81 bedef

Yield from conventional farmers 27.12

Information : The mean value followed by different letters shows significantly different results (P < 0,05).
Source: data from laboratory analysis (2019)
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Table 6. Data on brightness levels
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Treatment variation

Seed soaking time (minutes)

Concentration of the PGPR use when watering

Brightness levels

(cm’/L)
0 0 45.58 a
10 0 41.65abc
20 0 34.41bcd
30 0 41,37abc
0 1.25 44.03ab
10 1.25 39.52abc
20 1.25 44.39ab
30 1.25 39.17abcd
0 2.5 32.07cd
10 2.5 29.31d
20 2.5 38.81abcd
30 2.5 45.97a
0 3.75 39.42abc
10 3.75 40.76abc
20 3.75 39.95abc
30 3.75 46.63a
Yield from conventional farmers 58.11

Information : The mean value followed by different letters shows significantly different results (P < 0,05).

Source: data from laboratory analysis (2019)

Table 7. The yield values for each of the Chinese cabbage parameters from the treatment variation of seeds soaking with
PGPR solution and the use of PGPR concentrations when watering the plants in the beds

Treatment o Total Yield. value
. Concentration of the Chlorophyll | Vitamin C dissolved Texture Brightness (effectlveness
Seed soaking levels (mg/100 lid Ko m/sec? Level index/EI)
time (minutes) PGPR use wglen (mg/L) ml) solids (kg.m/sec?) evels
watering (cm’/L) (% brix)

Variable weight (VW) 0.44 0.68 0.76 0.40 0.72 3.00

Normal weight (NW) 0.15 0.23 0.25 0.13 0.24 1.00
0 0 0.05 0.07 0.08 0.13 0.03 0.36
10 0 0.06 0.06 0.15 0.10 0.11 0.48
20 0 0.04 0.10 0.17 0.04 0.06 0.41
30 0 0.04 0.04 0.20 0.09 0.10 0.48
0 1.25 0.08 0.15 0.07 0.11 0.23 0.64
10 1.25 0.06 0.00 0.09 0.08 0.24 0.47
20 1.25 0.00 0.05 0.20 0.12 0.07 0.43
30 1,25 0.04 0.11 0.17 0.08 0.06 0.47
0 2.5 0.08 0.13 0.25 0.02 0.08 0.56
10 2.5 0.03 0.14 0.13 0.00 0.22 0.53
20 2.5 0.01 0.23 0.16 0.07 0.19 0.66
30 2.5 0.05 0.05 0.20 0.13 0.00 0.43
0 3.75 0.02 0.10 0.19 0.08 0.13 0.52
10 3.75 0.05 0.03 0.00 0.09 0.16 0.33
20 3.75 0.15 0.07 0.14 0.08 0.12 0.56
30 3.75 0.00 0.07 0.15 0.13 0.05 0.40
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