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ABSTRACT

Ultisol is a type of soil with low organic matter, pH, and nutrient content, including molybdenum, leading to low
productivity. This study aimed to investigate the use of dry land using molybdenum and lime (CaCO,) inoculated
with Rhizobium strain Nod"Fix"* to increase the soybean production of Willis and Baluran cultivars. This research
was conducted from May to September 2021 in Pallangga Subdistrict, Gowa Regency, South Sulawesi, Indo-
nesia. The study used a split-plot design with three replications for each treatment. The first factor was soybean
varieties, consisting of Baluran and Willis cultivars. The second factor was the composition of the bacterial strain
Nod" Fix*, lime CaCO, and NH -molybdate, which consisted of without (Rhizobium strain Nod" Fix" + CaCO, +
NH,-molybdate); Rhizobium strain Nod" Fix* + CaCO, 1.0 ton/ha+ NH -molybdate 250 g/h); Rhizobium strain
Nod" Fix* + CaCO, 1.5 tons/ha + NH,-molybdate 500 g/h); and Rhizobium strain Nod" Fix* + CaCO, 2.0 tons/ha
+ NH,-molybdate 750 g/h). The results showed that treating the bacterial strain Nod" Fix* + MoCo (1.0:0.6) kg/ha
achieved the best results on growth, nutrient uptake (Nitrogen, Phosphorus and Potassium), and soybean yields,
both for Willis and Baluran varieties on ultisol soils.

Keywords: Nod factor; nodulation; legume symbiosis; biological nitrogen fixation; rhizobium strain nod fix".

INTRODUCTION

Indonesia’s soybean demand continues to in-
crease along with population growth. This is due
to the need for soybeans in the community for con-
sumption, sothe increase in soybean production
is one indicator of the success of the agricultural
sector. The high demand for soybeans is because
it is one of the basic needs and the main source of
vegetable protein for most Indonesians. In addi-
tion, soybeans are a group of leguminous plants
that can fix nitrogen from the air that occurs in
root nodules (Al-Tawaha et al., 2022a; Al-Tawa-
ha et al., 2022b; Saranraj et al., 2021; Shiri Jana-
gard and Ebadi-Segherloo, 2015) with an average
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protein content of 40% based on dry matter (Al-
Tawaha and Al-Tawaha, 2017; Cruz-Suarez et al.,
2009; Banaszkiewicz, 2011), soybean consump-
tion in Indonesia is 2.2 million tons per year. This
figure is far from the average production level of
only 819,442 tons per year. As a result, the gov-
ernment must import soybeans as much as 2-2.6
million tons per year. Domestic soybean produc-
tion is currently only able to meet about 35% of
the consumption (Ningrum et al., 2018). The gov-
ernment has made several attempts to increase
domestic soybean production, such as by clear-
ing new farming land. Ultisol soil is one of the
alternative lands for developing soybean areas in
Indonesia, whose distribution reaches 45,794,000
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ha or about 25% of the total land area of Indone-
sia (Syahputra et al., 2015), with great potential
to be developed into productive land. However,
ultisol soils are poor in organic matter (<5%), low
pH, high Al saturation, low base saturation, and
organic C, causing nutrient deficiencies, espe-
cially molybdenum (Mo) (Fitriatin et al., 2014).
On the other hand, the element Mo is needed in
the nitrate reductase enzyme to reduce nitrogen in
nitrogen fixation in the root nodule tissue of soy-
bean plants (Stiens et al., 2007). The element Mo
is a component of the nitrate reductase enzyme,
which plays a significant role in the assimilation
of nitrogen nitrate (Mmbaga et al., 2015). High
acidity (low pH) in ultisol soils and high Al satu-
ration values can be neutralized by liming. Lime
(CaCO,) increases pH, neutralizes Al and Fe, and
increases soil Ca levels so that it can affect soil
potassium levels to achieve balanced nutrient ad-
equacy for soybean plants (Rahman et al., 2018).
With a decrease in soil pH, Rhizobium bacteria
can adapt, i.e., in the low pH range, around pH
5.0-6.5 (Ciesla et al., 2016). This is because root
nodules of leguminous plants will only form
when Rhizobium bacteria are present in the place
where legumes grow (Wang et al., 2018). How-
ever, air nitrogen fixation does not always occur
efficiently due to competition between inoculums
which are efficient and inefficient specific Rhizo-
bium that exist naturally in the soil (Mitsch et al.,
2007; Mengel et al., 2012).

According to Reuhs et al. (2005), several
types of Rhizobium bacteria are known based on
their ability to form nodules, i.e., a) Rhizobium
which does not have a nodule-forming charac-
ter on plant roots, so that no symbiosis occurs,
is known as a Nod" strain; b) Rhizobium which
has nodule-forming character but does not have
air nitrogen fixing character, known as Nod*Fix-
strain; and c) Rhizobium which has two charac-
ters at once as nodule forming and as air nitro-
gen fixer is known as Nod Fix™ strain (Salih et
al., 2015). Research on the inoculation of Rhizo-
bium strains and the application of molybdenum
to soybean plants has been carried out by several
previous researchers (Lande et al., 2019). How-
ever, no research has combined the treatment of
molybdenum, CaCO,, NH -molybdate with Rhi-
zobiumStrain Nod*Fix*in ultisol soils.

The urgency of this research was the bre-
akthrough of soybean production technology
innovation by combining molybdenum, CaCO,,
NH,-molybdate with Rhizobiumstrain Nod Fix"

on ultisol soils which have not been widely used
in Indonesia because it is a marginal soil group.
In addition, this research can reduce Indonesia’s
dependence on imported soybeans. Indonesia is
currently still importing 2.6 million tons of soy-
beans from abroad.

This study aimed to investigate the use of dry
land using molybdenum and CaCO;, inoculated
with Rhizobium strain Nod*Fix" to increase the
soybean production of Willis and Baluran cultivars.

MATERIALS AND METHODS

Experimental design and treatments

This research was conducted in the green-
house of the Faculty of Agriculture, University of
Bosowa, Pallangga Subdistrict, Gowa Regency,
South Sulawesi, Indonesia, from May to Septem-
ber 2021. The study was arranged according to a
split-plot design with two factors, with three rep-
lications for 24 plots, and each plot had 20 plants.
Five plants were measured as the samples for each
plot. The first factor was soybean varieties consis-
ting of V| = Baluran and V2 = Willis. The second
factor was the composition of the bacterial strain
Nod" Fix", lime CaCO, and NH -molybdates fol-
lows: R = without (Rhizobium strain Nod" Fix" +
CaCO, + NH -molybdate); R | = Rhizobium strain
Nod" Fix" + CaCO, 24 g/pot + NH -molybdate 6
g/pot; R, = Rhizobium strain Nod" Fix™ + CaCO,
36 g/pot + NH,-molybdate 12 g/pot; dan R, =
Rhizobium strain Nod" Fix™ + CaCO, 48 g/pot +
NH,-molybdate 18 g/pot.

Preparation of growing media,
administration of Rhizobium strain Nod*Fix*,
and treatment of CaCO, and NH,-molybdate

The soil used was ultisol soil which was tak-
en compositely at a depth of 0-25 c¢cm and had
never been planted with soybeans. The soil was
then air-dried and crushed and sieved with a 0.5
cm diameter sieve. The sieved soil was taken
sufficiently to determine its physical and chemi-
cal properties in the laboratory before the treat-
ments (Table 1). After that, 10 kg of ultisol soil
was put into a black polybag with a size of 60 cm
and a diameter of 40 cm and CaCO, was added
(according to the treatment). The polybags were
arranged in rows with wooden supports, with a
distance between rows of 40 cm and between
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Table 1. Chemical and physical properties of ultisol soils before and after treatments

Parameters Content before Content after Content after Content after
treatment (R,) treatment (R,) treatment (R,) treatment (R,)

pH (1:2,5) H,0 4.9 5.50 5.65 5.70
C-organic (%) 0.82 0.83 0.83 0.84
N-Total (%) 0.18 0.28 0.36 0.38
Available-P (ppm) 10.00 10.20 10.37 10.48
K-dd (me/100 g) 0.32 0.43 0.47 0.51
CEC (me/100 g) 15. 07 15.10 16.10 16.20
Base saturation (%) 15.15 16.10 16.12 16.40
Al-dd (me/100 g) 1.92 10.20 10.20 10.20
Mo (ppm) 0.35 1.51 1.69 2.10
Al saturation 22.64 22.12 21.78 21.60
Fraktion — sand (%) 55.23 55.21 55.21 55.10
Dust (%) 2410 2412 2413 24.32
Clay (%) 20.67 20.67 20.66 20.58
Tekstur Sandy clay loam Sandy clay loam Sandy clay loam Sandy clay loam

rows of 25 cm. One week later, 50 g/pot. Then
pots were given with basic fertilizers of Urea,
TSP and KCI each dose of 0.25; 50 and 0.25 g/
pot (50, 100 and 50 kg/ha). 7.5 mL Rhizobium
strain Nod"™ Fix* was mixed with 1 kg of soybean
seeds. The mixture was then moistened with wa-
ter, drained, mixed well, and stored in a shady
place. It was left for 15 minutes and then was
planted. The treatment of NH,-molybdate as a
source of Mo (containing 82% acid MoO,) (ac-
cording to the treatment) was given at the plant-
ing time by dissolving each in 10 ml of water.
The solution was sprinkled into polybags around
the plants and then sprayed on the plants once
every two weeks. After one week, the plants
were thinned so only one plant/polybag was
maintained until the plants were harvested. After
the plants were harvested, the soil residue from
the polybags was taken compositely at a depth
of 0—25 cm to analyze its physical and chemical
properties in the laboratory.

Maintenance and harvest

Watering was performed daily by maintaining
the groundwater condition at around 80% of field
capacity. Thinning was carried out after the plants
were 7 days old by removing one plant per po-
lybag. Plant maintenance included embroidery,
weeding, and hoarding. Plants were harvested af-
ter about three months of age. The characteristics
of soybean plants that were ready to harvest were
that, after all, the plant leaves were old or yellow.
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Observation and measurement

Vegetative growth observation included plant
height, age of flower appearance, number of root
nodules, percentage of effective root nodules, and
nitrogen (N) and potassium(K) uptake. Mean-
while, observations for the generative phase were
the weight of 100 seeds, the number of pods per
plant, and dry seed weight per plant.

Data analysis

The data from the experiment were statistical-
ly analyzed using SPSS version 16 software. The
differences among treatments were compared us-
ing analysis of variance (ANOVA) with the least
significant difference (LSD) posthoc test at a 5%
probability level.

RESULTS AND DISCUSSION

Soil chemical and physical properties

The soil analysis results before (without treat-
ment) and after the experiment (soil treatment re-
sults of mixed R, R, and R,) showed a change
in the chemical properties of the soil. In general,
there was a change in the chemical properties of
the soil, i.e., pH, organic matter, total nitrogen (N),
available phosphorus (P), potassium (K), Cation-
exchange capacity (CEC), Ca, Mg, Mo, and Al
This was due to the treatment of RAizobium strain
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Nod* Fix", supplementation of microelements Mo
(NH,-molybdate), and lime CaCO, in ultisol soils
which contributed to improving the chemical
properties of the soil. Application of NH,-molyb-
date increased Mo from 0.35 ppm to 0.47 ppm.
The application of lime CaCO, increased soil pH
from 5.1 to 5.5. This occurred due to the ability
of lime CaCO, to neutralize soil acidity through
the mechanism of H* substitution by Ca*". This
condition provides a way for the availability of
phosphorus freely through mineralization by soil
biota in the solution. The basic reason for liming
is to increase soil pH. As a result of changes in
pH, changes in soil chemistry and biology occur,
such as increased availability of phosphorus, ni-
trogen, potassium, calcium, and magnesium.

Vegetative growth

The ANOVA results showed that cultivars
(V) and the combinations of Rhizobium strain
Nod'Fix', CaCO, and NH,-molybdate (R) had a
significant effect on plant height, age of flower ap-
pearance, and number of root nodules, and percent-
age of effective root nodules (Table 2). There was
no interaction between the cultivars and the com-
binations of Rhizobium strain Nod Fix", CaCO,
and NH,-molybdate. The Baluran cultivar (V1)
produced higher plant height, age of flower emer-
gence, number of root nodules, and percentage of
effective nodules. This was significantly different
from the Willis cultivar (V2). These differences
were due to the different characteristics of Baluran
and Willis cultivars that affect photosynthetic activ-
ity, which determines plant height growth, flower
appearance age, number of root nodules, and per-
centage of effective root nodules. Pregitzer et al.
(2013) explained that some factors that influence
plant growth and production are the environment,
species or types of plants related to the genotype.

Table 2 shows that plant height, age of flower
appearance, number of root nodules, and percent-
age of effective root nodules were increased with
increasing doses of the combinations (CaCO, +
NH,-molybdate). The highest increase was ob-
tained in the combination of Rhizobium strain
Nod" Fix*+ CaCO, 1.5 tons/ha+ NH, -molybdate
500 g/ha of 90.16 cm, 35.66 days, 57.22 seeds,
and 79.76 (%), respectively. However, the results
for the combination of Rhizobium strain Nod*
Fix™+ CaCO, 2.0 tons/ha+NH -molybdate 750 g/
ha were decreased statistically significantly. The
increase in plant height, age of flower appearance,
number of root nodules, and percentage of effec-
tive root nodules was supported by the availabil-
ity of Mo for Rhizobium strain Nod" Fix*by Mo
administration. According to Schwarz and Men-
del (2006), Mo is not only essential for plants, but
also essential for microorganisms. Furthermore,
more than 40 Mo enzymes are found in nature,
most of which are found in bacteria, but only four
Mo enzymes are found in plants. The increase in
the availability of Mo in the soil has stimulated
the growth, development, and activity of Rhizo-
bium bacteria. Therefore,it increased the abil-
ity of Rhizobium bacteria to infect root nodules,
resulting in a higher percentage of effective root
nodules formed. Effective root nodules contain
Rhizobium bacteria that can fix air N,

Based on the results of Duncan’s test in Table
2, the observation of plant height showed that
the Willis cultivar achieved a higher plant height
and was significantly different compared to the
Baluran cultivar, both at the age of 2, 4, and 6
(weeks after planting) WAP, as well as significant
differences in each treatment (R, R , R,, and R,).
This was because the effectiveness of each treat-
ment (bacterial strain Nod" Fix*, Lime (CaCO,),
Molybdenum (NH,)6Mo.0O,,.4H,0) and Cobalt
(CoC,)) also depends on the type of variety used.

Table 2. Average plant height, age of flower appearance, number of root nodules, and percentage of effective root
nodules on soybean cultivars and the combinations of Rhizobium strain Nod'Fix*, CaCO, and NH,-molybdate

Treatment Plant height Age of flower Number of root Percentage of effective
(cm) appearance (days) nodules (seeds) root nodules (%)

V1 83.96* 32.78 40.22~ 62.21*
Cultivars

V2 75.62Y 38.96Y 34.64Y 58.28Y

RO 66.042 35.382 09.80° 27.232

R1 82.59° 36.052 26.14p 67.76°
Sub-plots

R2 90.16° 35.66° 57.22 79.76%

R3 80.37° 36.10° 48.47¢ 73.74°

Note: Numbers followed by the same letter in each column are not significantly different at Duncan’s test level =0.05.
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One factor affecting growth and production is
the species or types of plants related to genotype
(Pregitzer et al., 2013).

The results of Duncan’s test in Table 2 on
the observation of the number of root nodules
showed that different treatments gave different re-
sults on the number of root nodules. Treatment R,
showed the highest number of root nodules. This
was due to the suitability of the needs for bacte-
rial strainNod" Fix*, Lime (CaCO,), Molybdenum
(NH4)6M07O2 ,+4H,0), and Cobalt (CoC,,). There-
fore, metabolic processes were increased due to
increased assimilate formation, the influence of
microelements Molybdenum and Cobalt, which
play an essential role in enzyme systems (Bhat-
tacharya et al., 2016). However, the soil analysis
results before the study showed that Mo levels
were quite low (0.97 ppm. In contrast, the require-
ment for soybeans was generally around 0.51 -
1.00 ppm (Ibafiez et al., 2020). If the concentration
of Mo in the soil is low, it will interfere with the
formation of root nodules and inhibit N fixation by
Rhizobium(Egamberdieva et al., 2018). This can be
observed from the ability of plants to form effec-
tive root nodules. Ismunadji and Mahmud (1993)
stated that applying Mo to soybean plantswould
increase the number of root nodules.

The increasing in the number of root nod-
ules was caused by an increase in the number
of nitrogenation enzymes and nitrate reductase,
thereby increasing N fixation. (Imran et al., 2019)
stated that Mo is the main component of the ni-
trogenation enzyme and nitrate reductase, whose
preparation mechanism occurs due to a change
in valence. Meanwhile, the process of forming
root nodules occurs through cooperation between
plants and N-fixing bacteria. Nodules that are ac-
tive in symbiotic N binding, when split, will turn
red due to the presence of leghaemoglobin. If the
center of the root nodule is not red, it means it is
not effective. Furthermore, (Zheng et al., 2020)
and (Koskey et al., 2018) explained that root
nodules are distinguished into effective and inef-
fective root nodules, in which the differences be-
tween the two root nodules are in size or shape,
color, and location on the root.

The results of Duncan’s test in Table 2 sho-
wed that the R, treatment (bacterial strain Nod"
Fix + MoCo (1.0 : 0.6) kg/ha) produced the hig-
hest number of red nodules compared to other
treatments. The high results indicated that the R,
treatment impacted the formation of red root no-
dules. Therefore, it can infect plant roots in the
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form of root nodules which are effective in fixing
nitrogen from the air. This is presumably due to
the ability of inoculation to meet the optimal N
requirement for plant growth forming an effecti-
ve red nodule. In addition, root nodules that are
effective at fixing N can be recognized by their
reddish color on the inside when the nodules are
split. The red color is due to the presence of the
pigment leghaemoglobin.

The observation results of the distribution
pattern of the root nodules in Table 2 showed the
best treatment of R,. The nodule distribution pat-
tern determines the effectiveness of the nodule.
Nodules scattered on the root neck indicate nodu-
les effective in fixing N. The distribution pattern
of root nodules explains the effectiveness of root
nodules in fixing nitrogen free from the air. Effec-
tive root nodules are located on the taproot, while
ineffective root nodules are scattered on lateral
roots or root branches and are pale in color. The
activity of N, fixation by bacteria is essential for
overall N balance because the continuous form of
fixed N can be lost due to denitrification and per-
meation (Howie & Echandi, 1983).

Nitrogen, phosphorus and potassium uptake

The ANOVA results showed that cultivars (V)
had a significant effect on nitrogen (N) and po-
tassium (K) uptake but had no significant effect
on Phosphorus (P) uptake. The combinations of
Rhizobium strain Nod"Fix", CaCOsq and NH,-mo-
lybdate (R) significantly affected N, P, and K up-
take (Table 3). There was no interaction between
the cultivars and the combinations of Rhizobium
strain Nod'Fix*, CaCO,, and NH,-molybdate.
The Baluran cultivar (V) produced higher N and
K uptake, significantly different from the Willis
cultivar (V,). However, the P uptake of treatments
was not significantly different. According to

Table 3 shows that N, P, and K uptake in-
creased with increasing doses of the combina-
tions (CaCO, + NH,-molybdate). The highest
increase was obtained in the combination of
Rhizobium strain Nod® Fix"+ CaCO, 1.5 tons/
ha+ NH,-molybdate 500 g/ha of 852.7 mg/plant,
52.4 mg/plant, and 442.9 mg/plant, respectively.
However, the results for the combination of Rhi-
zobium strain Nod" Fix" + CaCO, 2.0 tons/ha +
NH,-molybdate 750 g/ha were decreased statisti-
cally significantly. The increased uptake of N, P,
and K was thought to be the result of the abil-
ity of soybean cultivars to form root nodules in
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Table 3. Average nutrient uptake of N, P and K in soybean cultivars and combinations of Rhizobium strain

Nod'Fix',CaCO,, and NH,-molybdate

Nutrient uptake (mg/plant)
Treatment
N P K
V1 710.6* 43.1* 370.0¢
Cultivars
V2 641.1Y 40.5¢ 364.7Y
RO 385.62 33.12 244 82
R1 737.3° 41.2° 377.3°
Sub-plots
R2 852.7¢ 52.4¢ 442 .9°°
R3 727.8° 40.6° 405.4°

Note: numbers followed by the same letter in each column are not significantly different at Duncan’s test level = 0.05.

response to Rhizobium strain Nod" Fix" inocula-
tion. In addition, it was supposed that the number
of Rhizobium strain Nod™ Fix™ in that treatment
was more suitable than others. The root nodules
were formed if there was a suitability between
Rhizobium strain Nod" Fix" and its host.

The results of Duncan’s test in Table 3 sho-
wed that the highest nitrogen uptake was found
in the R, treatment compared to other treatments
(R, R, and R,). The significant effect of the R,
treatment (bacterial strain Nod" Fix* +MoCo (1.0
: 0.6) kg/ha) was thought to result from the so-
ybean’s ability to form root nodules in response
to the bacterial strain Nod" Fix*inoculation. In
addition, it is suspected that the number of bac-
terial strains Nod" Fix* in this treatment is more
suitable than the other treatments, and effective
root nodules would form if there were a suitabili-
ty between the bacteria and its host.

Leaf color scale

The observation results of the leaf color scale
in Table 4 showed that the treatment of bacterial
strain Nod"Fix* with Mo and CaCo, lime supple-
ments on soybeans using ultisol soils affected the
leaf color scale. Table 4 shows that the Willis and
Baluran varieties treated with the Nod* Fix™ bac-
terial strain, Mo and CaCo, lime supplements had
various leaf color scales.

Table 4 showed that the results on the leaf
color scale was the best treatment of R, for the
Baluran cultivar compared to other treatments.
This showed that the fixed N element was used
to meet the N required by plants so the availabili-
ty of N for plants increases. An effective fixation,
50-75% of the total N requirement by plants can
be fulfilled. In general, this study showed the pat-
tern of increasing plant height, root dry weight,
number of root nodules, number of red nodules,

Table 4. Leaf color scale

) Leaf color scales *
Varietas | Treatments
1 2 3 4

R, X

R, X
V1

R, X

R, X

R, X

R, X
V2

R, X

R, X

Note: * Criteria based on color scale, diagnosis of
nutrient status from leaf color. The strengthening
of legumes in relation to cropping system research
project. Japan International Cooperation Agency
(JICA): 1 —yellowish green, 2 — light green, 3 — green,
4 — slightly dark green.

N uptake, root nodule distribution pattern, leaf
color scale, weight of 100 seeds, and dry seed
yield. It was found that the treatment of the bac-
terial strain Nod™ Fix* with supplements of mi-
croelements (MoCo), lime (CaCO,), and Cobalt,
simultaneously increased the availability of Mo
in the soil so as to increase the uptake of Mo by
plants. Jaiswal et al. (2021)stated that the element
Mo functions as an activator of nitrogenation
and reducing enzymes which activate Rhizobium
performance in the N fixation process so that N
binding increases. Nitrogen can stimulate cell
elongation, vegetative growth, enlarge pods, slow
down the initiation phase, and increase seeds
yield and content (Ohyama et al., 2013). The re-
sults of Duncan’s test in Table 4 showed that the
highest weight of 100 seeds was obtained in the
R, treatment (bacterial strain Nod" Fix* + MoCo
(1.0 : 0.6) kg/ha) compared to other treatments
(R,, R, and R)). This revealed that the treatment is
vital for the growth and production of soybeans.
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Table 5. The average weight of 100 seeds, number of pods per plant, and dry seed weight per plant

Treatment Weight 100 seeds (g) Number of pods Dry seed weight
per plant (piece) per plant (g)

V1 13.752 28.662 16.53°
Cultivars

V2 11.342 26.512 15.172

RO 10.372 19.182 10.992

R1 14.04° 26.94° 17.97°
Sub-plots

R2 14.49° 35.89¢ 19.45¢

R3 11.882 28.34° 15.00°

Note: numbers followed by the same letter in each column are not significantly different at Duncan’s test level = 0.05.

This was due to the Cofactor Mo (MoCo) for-
ming the active site of all eukaryotic molybde-
num enzymes.

Yield components

The ANOVA results showed that cultivars (V)
had no significant effect; while the combinations
of Rhizobium strain Nod'Fix', CaCO,, and NH,-
molybdate had a significant effect on the weight
of 100 seeds, number of pods per plant, and dry
seed weight per plant. There was no interaction
between the cultivars and the combinations of
Rhizobium strain Nod'Fix*, CaCO,,and NH,-mo-
lybdate (Table 5).

Table 5 shows that the weight of 100 seeds,
number of pods per plant, and dry seed weight
per plant were increased with increasing doses
of the combinations (CaCO,+ NH,-molybdate),
the highest increase was achieved in the combi-
nation of Rhizobium strain Nod" Fix™+ CaCO,
1.5 tons/ha + NH, -molybdate 500 g/ha of 14.49
g, 35.89 pieces, and 19.45 g, respectively. How-
ever, the results for the combination of Rhizo-
bium strain Nod™ Fix* + CaCO, 2.0 tons/ha +
NH,-molybdate 750 g/ha decreased statistically
significantly. Increased vegetative growth con-
tinues in the generative growth of plants. The
excess photosynthate, as a result of the photo-
synthesis process,, was utilized to form pods,
then stored in the form of seeds. In addition, the
increase in N produced by plants will increase
the synthesis of amino acids and proteins and
plant organic compounds. These organic com-
pounds are deposited on the seeds, increasing
the dry seed weight per plant.

At the combination dose of Rhizobium strain
Nod" Fix" + CaCO, 2.0 tons/ha + NH,-molyb-
date 750 g/ha, there was a tendency to decrease
growth and yield of soybeans, presumably due
to the excess of Mo and CaCO,. Based on Table
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5, the highest dry seed yield was obtained in
treatment R, and was significantly different
compared to other treatments (R and R,). This
was because the R, treatment will increase nitro-
gen fixation to meet nitrogen needs for plants so
that the availability of nitrogen for plants increa-
ses. In the R, treatment, there was a tendency to
decrease the growth and production of soybeans,
presumably due to excess (toxicity) of Mo and
Co. The elements Mo and Co are micronutrients
that are required in relatively low amounts with
a narrow optimum range (Maggini et al., 2018).
Therefore, its slightly excessive amounts will
interfere with plant physiological processes and
can even be toxic to plants. According to (Glass
et al., 2012), the addition of excessive Mo will
not affect the fixation of N.

The results of soil analysis before and after
the study showed a change/increase in the con-
tent of physical/chemical properties of the soil,
including parameters of soil pH, organic matter;
N-total; Phosphor; Potassium; CEC; Ca; Mg; Mo
and Co. This was due to the administration of the
bacterial strain Nod " Fix* with Micro (MoCo) and
Lime (CaCo,) supplementations. In the podzolic
marginal soil, the chemical properties were gener-
ally low/moderate (Table 1), and in each of these
treatments, the Nod" Fix" strain bacteria, Lime
(CaCO,), Molybdenum (NH,)Mo.O,,.4H,0),
and Cobalt (CoC,, contributed to improving the
chemical properties of the podzolic soil.

CONCLUSION

This study showed that treating the bacterial
strain Nod* Fix™+ MoCo (1.0 : 0.6) kg/ ha gave
the best results on soybean growth and produc-
tion, both for Willis and Baluran varieties on Ul-
tisol marginal soils. Increasing the Mo dose will
not significantly increase plant growth and yield.
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