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Abstract. Kuntyastuti H, Sutrisno. 2017. Effect of manure, Phosphate Solubilizing Bacteria, and chemical fertilizer application on the
growth and yield of soybean. Nusantara Bioscience 9: 126-132. This study aimed to determine the dosages of organic, chemical and
biological fertilizers for optimum growth and yield of soybean grown in acidic dryland. Treatments applied were twelve combinations of
inorganic fertilizer, phosphate solubilizing bacteria (PSB), and manure. These treatments were arranged in a randomized block design,
each was three replicates. The growth variables of plant height and chlorophyll index were observed in every two weeks interval, started
at two weeks after planting. Root length and number of nodules were observed at 45 days after planting when the maximum vegetative
growth occurred. Stem and root dry weight, number of filled and empty pods, pod dry weight, grain weight, and number of seeds per
plant were observed at harvest. Optimum soybean growth and yield were achieved when soybean plants were treated with a combination

of 1500 kg ha! of manure + PSB +150 kg ha* of NPK chemical fertilizer.

Keywords: Chemical fertilizer, dry acid soil, manure, phosphate solubilizing bacteria, soybean

Abbreviations: NPK = nitrogen, phosphate, potassium, PSB = Phosphate solubilizing bacteria, DAP = day after planting, WAP = week
after planting, LCI = leaf chlorophyll index, CEC = cation exchange capacity

INTRODUCTION

Soybean is one of important food crops in Indonesia
since the soybean grain is an affordable protein source for
most Indonesian people. Soybean has been used as the
main raw material of staple foods such as tofu, fermented
soybean (tempeh), soy sauce, and soybean sprouts. The
domestic soybean production in Indonesia is insufficient to
meet the national demand because of limited planting
areas, diminished fertile soils, and low adoption of good
production technology. Therefore, expansion of planting
area and adoption of suitable cultivation technology
become an integrated way to solve these problems.

Ultisol dryland is one of the potential areas for
expanding soybean crops in Indonesia. This land covers
approximately 29% of total Indonesian lands and spreads
across Sumatra, Java, Kalimantan, Sulawesi and Papua
Islands. In these regions, soybean crops had not been
extensively developed yet due to some constraints such as
high soil bulk density, poor soil porosity, low water
holding capacity, low organic matter content, inadequate
macro-nutrient content, low soil pH, and high aluminum
content (Pamukas 2006; Indrayatie 2009), all of which
have resulted in stunted soybean growth and low vyield.
This low soybean production could be improved by, among
others, application of NPK fertilizer. It is very obvious that
as a source of nutrients, the application of NPK fertilizer at
planting time is considered to be an effective and efficient
way for increasing soybean yield. In the long term,
however, the application of NPK fertilizer alone will not be

able to solve these limited nutrient problems. This is
because the application of NPK fertilizer decreases water
holding capacity, influences soil macro-aggregates
stability, and reduces the soil ability to maintain soil
moisture (Liu et al. 2013), reduces the soil pH (Belay et al.
2002), and decreases organic matter and nutrient (total N)
content (Zhang et al. 2008, 2012). Several studies revealed
that continuous application of chemical fertilizers reduced
the soil microbe population (Qin et al. 2015) and
earthworm activity (Guo et al. 2016), which in turn,
decreased the quality of soil fertility.

Soil fertility could be improved by applying organic
matter as organic fertilizer. This organic material contains
beneficial compounds that play important roles in
improving the physical and chemical properties of soil such
as increasing soil pore spaces and water holding capacity
(Xu et al. 2013), increasing soil pH, and improving soil
organic matter content (Yan et al. 2007), total N content,
and soil microbial population (Zhong et al. 2010).
Application of organic fertilizer also improves the content
of secondary metabolites such as phenols, flavonoids and
vitamin C of the plants. These compounds are responsible
for plant resistance to pests and diseases, as well as for
improvement of human health (Salama et al. 2015).
Unfortunately, the increase of soybean yield following
organic matter application could not be achieved instantly
since the manure needs a long time to have its nutrients
available to the plants.

The combined application of organic and chemical
fertilizers would be the best practice to maintain soybean
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yield, and ultimately soil fertility in supporting the
sustainable agricultural systems as it reduces the
continuous application of chemical fertilizer without
lowering the vyield potential of the crop. In addition,
organic fertilizer increases the organic matter content and
soil microbe population (Hao et al. 2007). Applying both
chemical and organic fertilizers resulted in higher crop
yield (Yang et al. 2015) and higher phenols, flavonoids and
vitamin C contents (Salama et al. 2015) compared to those
obtained by each fertilizer when applied individually.

Despite the success of combined fertilizer application
on vyield, the different soil conditions consistently give
different effects of that practice. For instance, application
of 30:26:25% kg ha* NPK + 4000 kg ha* manure in India
effectively  yielded higher soybean  productivity
(Bandyopadhyay et al. 2010), meanwhile other studied
reported that application of 2500 kg ha™ poultry manure
significantly improved soybean yield and seed quality
(Behera et al. 2007). The difference dosage effect of
manure on every plant cultivated actually was affected by
the nutrient content of manure and the soil. However, in
Indonesia especially on Ultisol dryland, information about
the effect of organic and inorganic fertilizers application on
soybean grain yield is still lacking and, therefore, needs to
be more explored. The difference of soil fertility would
result in difference response in manure application, NPK,
biofertilizers, and their combinations. Therefore, this study
aimed to determine the proper combination of manure,
PSB, and chemical fertilizer for optimum growth and yield
of soybean grown in acidic Ultisols.

MATERIALS AND METHODS

Materials and experimental design

The present study was conducted in the greenhouse of
Indonesian Legumes and Tuber Crops Research Institute in
Malang, East Java Province, Indonesia in 2014. The soil
was obtained from acidic dryland of Lebak District, Banten
Province. The study was laid out in a Completely
Randomized Design with eleven treatment combinations of
organic and inorganic fertilizers, each was three replicates.
The treatments are listed in Table 1.

Table 1. The detail of treatments tested in the present study

Code Treatments

TO Control (No manure, no NPK fertilizer, no PSB)

T1 Phosphate solubilizing bacteria (PSB) 5g PSB kg seed
T2 150 kg ha* NPK fertilizer (15:15:15 percent of N, P, K)
T3 300 kg ha* NPK fertilizer

T4 1500 kg ha'! manure

T5 3000 kg ha* manure

T6 PSB + 150 kg ha* NPK fertilizer

T7 PSB + 1500 kg ha'* manure

T8 1500 kg ha'! manure + 150 kg ha* NPK fertilizer

T9 1500 kg ha* manure + PSB + 150 kg ha* NPK fertilizer
T10 3000 kg ha™t manure + 150 kg ha* NPK fertilizer

T11 3000 kg ha! manure + PSB + 150 kg ha* NPK fertilizer

Procedures

A total of eight kg air-dried soils was packed in a
polyethylene bag. Manure was applied before the seed was
planted, and PSB was applied as a seed treatment. PSB
Formulation was mixed with enough water until sticky.
The formulation was used to cover seed coat with a dosage
of 5 g PSB kg seed. NPK fertilizer was applied at five
weeks after planting (WAP).

Observation and data analysis

Observations were carried out on plant height, leaf
chlorophyll index, root length, number of nodules, number
of branches, number of fertile nodes, stem dry weight, root
dry weight, number of filled pods, number of empty pods,
number of seeds, pod dry weight, and seed dry weight per
plant. Observation of each variable was carried out on two
representative plants in each pot and then the average was
worked out. Plant height was measured at 2, 4, 6, 8, 10
WAP and harvest time while LCI was recorded at 2, 4, 6, 8
WAP. Destructive sampling was done at 45 days after
planting (DAP) to record number of nodules and root
length. Root length was also measured at harvest time.
Other variables that were also observed at harvest time
included number of branches, number of fertile nodes, stem
dry weight, root dry weight, number of filled pods, number
of empty pods, number of seeds per pod, pod dry weight,
and seed dry weight per plant. All observed variables were
subjected to Analysis of Variance (ANOVA) that was
conducted by using Statistic Tool for Agriculture Research
(STAR) package from IRRI. Comparisons among the
treatment means were made by the Honesty significant
difference (HSD) at a< 0.05.

RESULTS AND DISCUSSION

Plant height

Plant height at various fertilizer treatments since 2
WAP until harvest was presented in Table 2. The study
revealed that the treatments significantly affected plant
height since 4 WAP (Table 2). In this period, the tallest
plant was obtained from plants provided/treated with 3000
kg manure + PSB + 150 kg NPK fertilizer ha* (T11). These
plants grew 53% taller than that of control treatment.
Meanwhile, the shortest plant was obtained from that
received PSB only (T2). This PSB treatment consistently
resulted in the shortest plant along the growing season (4
WAP until harvesting time), whereas the highest plant was
the ones treated with NPK fertilizer (T3) and other
fertilizer combination treatments. Starting at week 6 until
harvesting time, the combinations of manure, NPK
fertilizer, with or without PSB (T8, T9, T10, T11) as well
as NPK fertilizer treatment (T3) generated similar high
plant height, which were about 12-25% higher compared to
that of other treatments (T2, T4, T5, T6, T7).

The higher plant height in treatment combinations of
manure, NPK fertilizer with or without PSB (T8, T9, T10,
and T11) was probably because NPK fertilizer supplied
macro nutrients quicker to the plants compared to that of
manure and PSB although this PSB provided both macro
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and micro nutrients. Stainer et al (2007) reported that
manure application increased nutrient uptake such as P, Ca,
and Mg. Lentz and Ippoli (2012) and Gunes et al (2014)
also mentioned that manure application could increase the
availability of N, P, K, Mg, Na, Cu, Mn, and Zn. Manure
also improved the activity of enzyme present in the soils,
where this enzyme influenced the availability of soil
nutrients both direct and indirectly (Saha et al. 2008) as
well as significantly increased plant height of soybean
(Devi et al 2013).

Application of PSB alone (T1 treatment) resulted in the
lowest plant growth, presumably because the plants might
receive phosphate nutrient only. This finding showed that
application of PSB alone was less effective in supporting
plant growth. Phosphate solubilizing bacteria (PSB) would
be more effective when it is combined with manure or with
NPK fertilizer. This is revealed by the observed higher
plant growth on application of 1500 kg ha' manure + 5g
PSB kg* seed + 150 kg ha' NPK fertilizer, and 3000 kg
ha' manure + 59 PSB kg?' seed + 150 kg ha' NPK
fertilizer than that of 1500 kg ha* manure + 150 kg ha*
NPK fertilizer and 3000 kg ha! manure + 150 kg ha* NPK
fertilizer. This result was in agreement with results of the
previous study (Noor, 2003) that application of PSB was
less effective in increasing plant growth, and it would be
more effective when it is combined with manure.

Leaf Chlorophyll Index (LCI)

Leaf chlorophyll index (LCI) was measured by using
Minolta SPAD 502. The chlorophyll index was quantified
at the completely open leaf or approximately at the fourth
leaf from the plant shoot. The measurement of chlorophyll
index was done at all the trifoliate leaves. All fertilization
treatments resulted in a bit higher LCI than that of control
treatment (no organic and inorganic fertilizers were
applied). This difference appeared after 4 WAP (Figure 1).
Among single treatments, The PSB treatment (T1) resulted
in the lowest LCI while the NPK fertilizer treatment (T3)
resulted in the highest LCI. It was clear that NPK fertilizer
treatment (T3) increased more LCI than those of single
manure (T4, T5) and 5g PSB kg seed (T1). The LCI of T3
was also higher than that of some of these treatment
combinations. However, the highest LCI was achieved by
plants receiving 1500 kg ha manure + 5g PSB kg™ seed +
150 kg ha' NPK fertilizers (T9). This result showed that
treatment combination such as 1500 kg ha* manure + 5g
PSB kg* seed + 150 kg ha' NPK fertilizer obviously
resulted in a higher LCI compared to that of single fertilizer
treatments such as 300 kg ha' NPK fertilizer. This
presumably because the addition of manure to any
inorganic fertilizer treatment improved soil fertility,
increased nutrient availability, and intensified enzyme
activity as it effectively increased leaf chlorophyll index
(Khadem et al. 2010) and chlorophyll content
(Amujoyegbe et al. 2007).

Root length and number of nodules

There was no significant difference in root length and
nodule number among treatments tested when the plants
were cultivated under the acidic soil. High concentrations

of Fe, Mn, Zn, and Cu, as well as low Ca and P in the soil
(Table 1) might have inhibited the growth and development
process of roots and nodules (Table 4). Previous studies
revealed that the low Ca and the high Al concentrations in
acid soil suppressed and inhibited nodulation of cowpea
(Alva et al. 1990), and also inhibited root growth and
number of nodules of biserrula, French serredella, and
arrow leaf clover (Guo et al. 2012; Liang et al. 2013).
Other studies also revealed that acidic condition generally
could inhibit root growth, decreased the concentrations of
nitrate, ammonium, and malondialdehyde as well as
peroxidase activity, and increased activity of nitrite
reductase (Wang et al 2013). Acidic soil condition also
inhibited the role and the growth of nodules (Ferguson and
Gresshoff 2015), and hindered root growth and yield
(Caires 2008).

Vegetative growth

The number of branches and fertile nodes increased
differently according to the fertilizer treatment. Among
single fertilizer treatments, the single manure treatment
(T5) resulted in a higher number of branches and fertile
nodes compared to the single NPK fertilizer (T3 and T2)
and the single PSB treatment (T1). The increase of the
number of branches and fertile nodes growth in the T5, T3,
T2 and T1 was 67%, 65%, 40%, 19%, respectively.
Interestingly, T5 also resulted in the number of branches
and fertile nodes that were equal to that of treatment
combinations of T8, T9, and T11. The high number of
branches and fertile nodes growth in T5 or other treatment
combinations might be because the manure provided more
beneficial nutrients to plant growth than NPK or PSB
treatments did. It might also because the application of
manure could increase synthesis of a hormone that
stimulated the growth of shoot branches and growth of
pods in every node.

Root and stem dry weights were significantly varied
among the treatments. Treatment combinations seemed to
be more effective in increasing the root and stem growth
than those of single fertilizer treatments. Among the single
fertilizer treatments, the highest root and stem growth were
produced by application of 300 kg ha! NPK and 3000 kg
ha manure, respectively, by 67% and 60% higher than
control. The lower dosage of manure and NPK also
reduced root and stem growth compared to other treatment
combinations while application of PSB alone resulted in
the lowest growth. The increased growth of soybean plants
at 150 kg ha* NPK and 1500 kg ha™* manure treatment was
about 42% while that in the PSB treatment was only about
11%. Furthermore, the combination of NPK + manure
actually was better than manure + PSB or NPK + PSB. The
combination of 1500 kg ha* manure + 150 kg ha! NPK
fertilizer (T8) produced the highest root and stem growth.
A lower, but not significantly different from T8, root and
stem growth was obtained by the combination of manure +
PSB while the combination of NPK + PSB was not
recommended due to the lowest root and stem growth it
produced.
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Table 2. Soybean plant height at various combinations of manure,
organic and inorganic fertilizers from two to 10 weeks after planting

Table 4. Root length and number of nodules of soybean plants at
various combinations of manure, chemical fertilizers, and PSB
at 45 days after planting

Treat- Plant height (cm)

ments 2 WAP 4 WAP 6 WAP 8 WAP 10 WAP Harvest Root

T0 1433a 25.20ab 29.83cd 30.60b 32.67bc 29.03b Treatments 'ﬁ;’{,‘“jﬁ;ﬂf length at 'T]‘;"rtv:;':%g:n;“
T1 13.08a 24.12b 28.40d 29.47b 30.83c 27.92b 45 DAP

T2 14.67a 30.28ab 34.22b-d 36.73ab 37.17a-c 35.28ab TO 0.67a 05.84a 7.72a
T3 14.65a 32.40ab 45.83ab 46.28a 46.53a 44.28a T1 1.00a 05.14a 7.55a
T4 14.80a 28.05ab 36.45a-d 37.58ab 37.87a-c 36.55ab T2 1.33a 05.27a 7.85a
T5 13.08a 32.27ab 39.08a-d 40.42ab 41.33a-c 39.77ab T3 0.67a 05.70a 6.78a
T6 13.07a 28.18ab 39.72a-d 39.98ab 40.85a-c 38.83ab T4 0.67a 05.27a 9.47a
T7 14.12a 26.27ab 38.10a-d 38.67ab 39.22a-c 38.12ab T5 0.83a 05.61a 8.32a
T8 13.20a 33.72ab 42.73a-c 43.83a 44.78ab 43.43a T6 1.00a 05.77a 6.78b
T9 14.22a 33.48ab 45.00ab 45.38a 45.83a 44.38a T7 0.67a 05.95a 7.40a
T10 14.70a 34.40ab 42.70a-c 45.53a 46.27a 43.95a T8 1.67a 06.08a 7.52a
Ti1 14.47a 36.88a 47.60a 48.08a 49.78a 46.72a T9 0.83a 05.63a 7.80a
Average 14.03 3044 39.14 40.21 41.09 39.02 T10 0.33a 05.64a 9.95a
Coeffi-  7.34 13.60 11.15 11.05 10.79 11.53 T11 0.33a 05.44a 7.67a
cient of Average 0.83 05.61 7.90
Variation Coefficient of 15.23 10.68 17.81
Notes: Numbers in the same column followed by the same letter _ variation

were not significantly different based on HSD test at o 0.05. Note:
TO-T11 can be seen in Table 1

Table 3. Leaf chlorophyll index of soybean plants at various
combinations of manure and inorganic fertilizer from two to 10
weeks after planting

Leaf chlorophyll index (LCI)

Treatments  —— wap~ ZWAP G6WAP 8 WAP
To 30232 2753a  28.13b 28.43¢
T1 2893a  28.60a  31.13ab  31.13bc
T2 3167a  29.80a  3357ab  37.13ac
T 3340a  29.70a  32.33ab  41.53ab
T4 3037a  29.53a  34.83a  37.13ac
T5 29.30a  27.57a  3550a  36.83a-<
T6 3227a  2850a  30.87ab  39.20ab
T7 31.30a  29.27a  3563a  40.57ab
T8 3043a  2697a  33.07ab  41.53ab
T9 31.03a  30.27a  3640a  4353a
T10 31.30a  29.93a  3623a  34.03ac
T11 3090a  2807a  3657a  34.60a-c
Average 6.77 28.81 33.69 37.14
Coefficient of 30.93 9.13 5.72 9.73
Variation

Notes: Numbers in the same column followed by the same letter
were not significantly different based on HSD test at a 0.05. Note:
TO-T11 can be seen in Table 1
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Figure 1. The character of soybean vegetative growth in the
various combinations of manure, NPK chemical fertilizer and
PSB, Malang 2014. Error bars represent standard deviation from
measurements in triplicate. Note: *) Transformation V Ix *¥)
Transformation V 2x. Note: TO-T11 can be seen in Table 1

Note: The values in the same column followed by the same letter
were not significantly different based on HSD test at o 0.05;
#%) Transformation V 2x. Note: TO-T11 can be seen in Table 1

The combination of manure and NPK fertilizer
produced a better plant growth compared to that of all
single treatments since the manure added in the treatment
combination may have increased the available amount of
nutrients, which in turn enhanced nutrients uptake by the
plant’s roots. Sharma et al. (2013) found that addition of
manure in the NPK treatments combination improved soil
fertility. These treatments also increased cation exchange
capacity (CEC), soil enzyme activity (Piotrowska and
Wilczewski 2012), and soil microbial biomass (Lu et al
2015), enhanced nutrients uptake, and increased
photosynthetic rate (Jannoura et al 2013; Jannoura et al
2014), enhanced diversity of microorganism and supported
plant growth (Zhang et al. 2012; Hamm et al. 2016).

The application of biological microorganism of 5g
PSBkg* seed (T1 treatment) did not enrich the soil nutrient
content. This treatment failed to support the vegetative
growth of plants under acidic soil condition since the PSB
treatment only supplied phosphate nutrient to the plants.
The limited nutrient supply in this treatment caused the
poor vegetative growth of the crop. The role of PSB would
be more effective in supporting crop growth when manure
was added, for instance in the treatment combinations of
3000 kg ha* manure + 59 PSB kg seed + 150 kg ha* NPK
fertilizers (T11 treatment) and 1500 kg ha* manure + 5¢g
PSB kg seed + 150 kg ha* NPK fertilizer (T9 treatment).
These two treatments resulted in higher vegetative growth
than those obtained at treatments without PSB such as 1500
kg ha manure + 150 kg ha* NPK fertilizers (T8) and 3000
kg ha! manure + 150 kg ha® NPK fertilizers (T10)
treatments. Previous studies also reported that combination
of PSB and organic manure increased the vegetative
growth of wheat (Afzal et al. 2005; Lu et al. 2015).
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Number of pods

It was observed in the present study that all treatments
considerably increased the number of filled pods but did
not increase the number of empty pods (Figure 2A). The
number of empty pods in all treatments was about one
while the number of filled pods per plant was three to 15
pods. The number of filled pods in manure application,
either in single or in combination with NPK fertilizers, was
higher than those of single NPK fertilizer treatments. The
number of filled pods of each treatment of 3000 manure kg
ha' (T5) and 1500 kg ha' manure + 150 kg ha' NPK
fertilizer (T8) was 14 pods while that at the single NPK
fertilizer treatments (T2 and T3) was only 10 and 11 pods,
respectively. Furthermore, application of PSB showed an
inconsistent response. Combination treatment between PSB
and NPK fertilizer yielded lower number of filled pods
than that of NPK fertilizer treatment without PSB. This was
shown in treatment T6 that resulted in 6 filled pods while
T2 resulted in 10 pods. However, integration of PSB +
manure + NPK fertilizer treatments slightly increased the
number of filled pods although this increase was not
significant. For example, number of filled pods in the
treatment of 1500 kg ha! manure + PSB + 150 kg ha*
NPK fertilizer (T9) was 15 while that in the treatment of
1500 kg ha! manure + 150 kg hat NPK fertilizer (T8) was
13.

Number of seeds per plant

The number of seeds per plant of the plants treated with
various fertilizers was presented in figure 2B. There was
increased in the number of seed per plant in almost all
treatments compared to that of control treatment. Number
of seeds per plant of five treatments i.e. single manure of
3000 kg ha! (T5) and combinations of manure + NPK
fertilizer with or without PSB (T8, T9, T10, T11) were
similar but were higher than that of other treatments (T2,
T3, T4, T6, T7). The increased number of seed in single
manure treatment of 3000 kg ha (T5) and combination of
manure + NPK fertilizer with or without PSB (T8, T9, T10,
T11) were about 371%, 322%, 369%, 330%, and 372%
higher than control, respectively. The high number of seeds
per plant in single manure 3000 kg ha (T5) might be due
to composite nutrients preserved by manure fertilizer.
Composite nutrients contained in manure supported the
plant to maximize generative growth than vegetative
growth so that the seed yield was higher than the plant
biomass (stem and root dry weight, Figure 1). Previous
studies also reported that the application of dried chicken
manure improved soybean vyield (Tagoe et al. 2008;
Mehran et al. 2011).

The higher number of seeds per plant produced in
treatments of manure + NPK fertilizers was due to the
availability of complementary nutrients. The NPK
fertilizers supplied nutrients that were absorbed quickly by
the plant’s root while that of manure took a longer time to
be absorbed by the roots. An effective combination of
manure and NPK fertilizer eventually produced high
vegetative and generative growth. Conversely, the less
amount of fertilizer applied also resulted in low vegetative
and generative growth as shown at both single treatment of
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150 kg NPK ha'and 1500 kg manure ha that probably
because these fertilizers provided less nutrient available to
the plants. Moreover, low vegetative and generative growth
due to low nutrient available was also showed by the
application of single PSB.

Pod and seed dry weight

Pod dry weight and seed dry weight significantly
increased in all treatments except the PSB single treatment.
At the single treatments, 3000 kg ha™ manure produced
higher pod and seed dry weight than that of NPK fertilizer
treatment alone. Furthermore, the treatment combination of
manure + NPK fertilizer seemed to produce higher pod and
seed dry weight compared to that of NPK fertilizer + PSB
or manure + PSB. The highest pod and seed dry weight
were produced in the treatment of 1500 kg ha* manure +
PSB + 150 kg ha' NPK fertilizer (T9). Meanwhile,
application of PSB alone could only increase the pod dry
weight slightly.

The application of manure could increase soybean yield
in the acid soil of dryland. Although the manure treatment
was unable to improve vegetative plant growth optimally
compared to the NPK fertilizer treatments, this manure
treatment was able to improve the plant generative traits.
Application of manure seemed to produce lower vegetative
growth such as plant height but this treatment produced
higher number of filled pods, number of seeds, pod dry
weight, and seed dry weight. This presumably occurred due
to the slowly available and higher complex nutrients it
contains. Improved soybean yield resulted from manure
application has also been reported from the previous study
by Tagoe et al. (2008).

The application of manure and NPK fertilizer in
combination with PSB provided abundant nutrients
availability around the crops. NPK fertilizer rapidly
provided nutrients while manure complements the
availability of others nutrients. The addition of PSB
together with NPK fertilizer increased nutrients supply,
especially the phosphate, so that soil condition was more
favorable to the plants. This favorable environment
increased nutrients absorption, photosynthesis process, and
enzyme synthesis and activities that ultimately resulted in
higher vegetative and generative growth. The vegetative
and generative growth of soybean in the manure and NPK
fertilizer combination treatments were three or fourfold
higher than those of control (Figure 2).

The success of fertilizers treatments on generative
growth was also reported from the previous study by
Bandyopadhyay et al. (2010), who found that the highest
soybean yield was obtained by the application of manure +
inorganic fertilizers. Another study also reported that
maximum growth and yield of wheat was achieved when
the crops were fertilized with manure and inorganic
fertilizer (Mandal et al. 2007). Kannan and Ganesan
(2011); Yang et al. (2015) also reported that the highest
productivity of wheat (Triticuma estivum L), maize (Zea
mays L), and black gram were obtained by combined
application of organic and inorganic fertilizers. In the long
term, manure and inorganic fertilizer would also be able to
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improve the chemical and biological components of soils
(Liu et al. 2010).
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Figure 2. Character of soybean generative growth in the various combinations of manure, NPK chemical fertilizer and PSB, Malang
2014. Error bars represent standard deviation from measurements in triplicate. Note: TO-T11 can be seen in Table 1

It can be summarized from the present study results that
treatment combinations of NPK chemical fertilizer,
manure, and PSB were the best practices to maximize
soybean productivity in acid soils. NPK chemical fertilizer
provided nutrients that are quickly available to the plant
while manure and PSB play important roles in improving
soil fertility and soybean productivity. Single manure
application in an adequate amount/dosage could also
become an alternative way to produce high soybean yield
since manure can provide more complex nutrient so that
application of manure in higher dosage will provide enough
nutrients to improve the soybean yield.

ACKNOWLEDGEMENTS

Authors would like to thank Rofii who helped during
the experiment, Dr. Eriyanto Yusnawan and Dr. Agustina
Asri Rahmianna who helped improved this paper.

REFERENCES

Afzal A, Ashraf M, Asad SA, Farooq M. 2005. Effect of phosphate
solubilizing microorganisms on phosphorus uptake, yield and yield
traits of wheat (Triticum aestivum L.) in rainfed area. Agric 7 (2):
207-209.

Alva AK, Asher CJ, Edwards DG. 1990. Effect of solution pH, external
calcium concentration, and aluminum activity on nodulation and early
growth of cowpea. Aust J Agric Res 41 (2): 359-365.

Amujoyegbe BJ, Opabode JT, Olayinka A. 2007. Effect of organic and
inorganic fertilizer on yield and chlorophyll content of maize (Zea
mays L.) and sorghum (Sorghum bicolour L . Moench ). African J
Biotechnol 6 (16): 1869-1873.

Bandyopadhyay KK, Misra AK, Ghosh PK, Hati KM. 2010. Effect of
integrated use of farmyard manure and chemical fertilizers on soil
physical properties and productivity of soybean. Soil Till Res 110 (1):
115-125.

Behera UK, Sharma AR, Pandey HN. 2007. Sustaining productivity of
wheat-soybean cropping system through integrated nutrient
management practices on the Vertisols of central India. Plant Soil 297
(1-2): 185-199.

Belay A, Claassens A, Wehner F.2002. Effect of direct nitrogen and
potassium and residual phosphorus fertilizers on soil chemical
properties, microbial components and maize yield under long-term
crop rotation. Biol Fert Soils 35 (6): 420-427.

Caires EF, Garbuio FJ, Churka S, Barth G, Correa JCL.2008. Effects of
soil acidity amelioration by surface liming on no-till corn, soybean,
and wheat root growth and yield. Eur J Agron 28 (1): 57-64.

Devi KN, Singh TB, Athokpam HS, Singh NB, Samurailatpam D.2013.
Influence of inorganic, biological and organic manures on nodulation
and yield of soybean (Glycine max Merril L.) and soil properties.
Aust J Crop Sci 7 (9): 1407.

Ferguson BJ, Gresshoff P M. 2015. Physiological implications of legume
nodules associated with soil acidity. In: Sulieman S, Tran PLS (eds.)
Legume Nitrogen Fixation in a Changing Environment:
Achievements and Challenges. Springer International Publishing,
Cambridge, UK.

Indrayatie ER. 2009. Pore distribution of yellow-red podsolics on various
bulk densities and organic matter application. J Hutan Trop Borneo
10 (27): 230-236. [Indonesian]

Unes A, Inal A, Taskin MB, Sahin O, Kaya EC, Atakol A. 2014. Effect of
phosphorus-enriched biochar and poultry manure on growth and
mineral composition of lettuce (Lactuca sativa L. cv.) grown in
alkaline soil. Soil Use Manag 30 (2): 182-188.

Guo L, Wu G, Li Y, Li C, Liu, W, Meng J, Jiang G. 2016. Effects of cattle
manure compost combined with chemical fertilizer on topsoil organic
matter, bulk density and earthworm activity in a wheat-maize rotation
system in Eastern China. Soil Till Res 156:140-147.

Hamm AC, Tenuta M, Krause DO, Ominski KH, Tkachuk VL, Flaten
DN. 2016. Bacterial communities of an agricultural soil amended
with solid pig and dairy manures, and urea fertilizer. Appl Soil Ecoll
03: 61-71.

Hao XH, Liu SL, Wu JS, Hu RG, Tong CL, Su YY.2007. Effect of long-
term application of inorganic fertilizer and organic amendments on
soil organic matter and microbial biomass in three subtropical paddy
soils. Nutr Cycl Agroecosyst 81 (1): 17-24.

Jannoura R, Bruns C, Joergensen RG. 2013. Organic fertilizer effects on
pea yield, nutrient uptake, microbial root colonization and soil
microbial biomass indices in organic farming systems. Eur J Agron
49: 32-41.

Jannoura R, Joergensen RG, Bruns C. 2014. Organic fertilizer effects on
growth, crop yield, and soil microbial biomass indices in sole and
intercropped peas and oats under organic farming conditions. Eur J
Agron 52: 259-270.

Khadem SA, Galavi M, Ramrodi M, Mousavi SR, Rousta MJ, Rezvani-
Moghadam P. 2010. Effect of animal manure and superabsorbent
polymer on corn leaf relative water content, cell membrane stability
and leaf chlorophyll content under dry condition. Austr J Crop Sci 4
(8): 642.

Kannan M, Ganesan P. 2011. Effect of organic and inorganic fertilizers on
the productivity of blackgram. J Plant Sci Res 27 (2): 139-141.

Lentz RD, Ippolito JA. 2012. Biochar and manure affect calcareous soil
and corn silage nutrient concentrations and uptake. J Environ Quality
41 (4): 1033-1043.

Liang C, Pifieros M, Tian J, Yao Z, Sun L, Liu J,Liao H. 2013. Low pH,
aluminum, and phosphorus coordinately regulate malate exudation
through GmALMTL to improve soybean adaptation to acid soils.
Plant Physiol 161 (3): 1347-1361.

Liu CA, Li FR, Zhou LM, Zhang RH, Yu J, Lin SL, Li FM. 2013. Effect
of organic manure and fertilizer on soil water and crop yields in
newly-built terraces with loess soils in a semi-arid environment. Agric
Water Manag 117: 123-132.



132 NUSANTARA BIOSCIENCE 9 (2): 126-132, May 2017

Liu E, Yan C, Mei X, He W, Bing SH, Ding L, Fan T. 2010. Long-term
effect of chemical fertilizer, straw, and manure on soil chemical and
biological properties in northwest China. Geoderma 158 (3): 173-180.

Lu H, Lashari MS, Liu X, Ji, H, Li L, Zheng J, Pan G. 2015. Changes in
soil microbial community structure and enzyme activity with
amendment of biochar-manure compost and pyroligneous solution in
a saline soil from Central China. Eur J Soil Biol 70: 67-76.

Mandal A, Patra AK, Singh D, Swarup A, Masto RE. 2007. Effect of
long-term application of manure and fertilizer on biological and
biochemical activities in soil during crop development stages.
Bioresour Technol 98 (18): 3585-3592.

Mehran M, Ardakani MR, Madani H, Zahedi M. 2011. Response of
sunflower yield and phytohormonal changes to Azotobacter,
Azospirillum, Pseudomonas and animal manure in a chemical free
agroecosystem Ann Biol Res 2 (6): 425-430

Noor A. 2003. The effect of natural phosphate and combination of
phosphate solubilizing bacteria with manure on the available
phosphate and the growth of soybean in Ultisols. Bul Agron 31 (3):
100-106. [Indonesian]

Pamukas NA. 2006. The changing of physical and chemical components
of yellow-red podsolics based-pond by applying various dosages of
farmyard manure from goat. Berk Perikan Terubuk 33 (2): 113-120.
[Indonesian]

Piotrowska A, Wilczewski E. 2012. Effects of catch crops cultivated for
green manure and mineral nitrogen fertilization on soil enzyme
activities and chemical properties. Geoderma 189: 72-80.

Qin H, Lu K, Strong PJ, Xu Q, Wu Q, Xu Z, Wang H. 2015. Long-term
fertilizer application effects on the soil, root arbuscular mycorrhizal
fungi and community composition in rotation agriculture. Appl Soil
Ecol 89: 35-43.

Saha S, Prakash V, Kundu S, Kumar N, Mina BL. 2008. Soil enzymatic
activity as affected by long term application of farm yard manure and
mineral fertilizer under a rainfed soybean-wheat system in NW
Himalaya. Eur J Soil Biol 44 (3): 309-315.

Salama ZA, El Baz FK, Gaafar AA, Zaki MF. 2015. Antioxidant activities
of phenolics, flavonoids and vitamin C in two cultivars of fennel

(Foeniculum vulgare Mill.) in responses to organic and bio-organic
fertilizers. J Saudi Soc Agric Sci 14 (1): 91-99.

Sharma GD, Thakur R, Raj SOM, Kauraw DL, Kulhare PS. 2013. Impact
of integrated nutrient management on yield, nutrient uptake , protein
content of wheat ( Triticum astivum) and soil fertility in a typic
haplustert. Bioscan 8 (4): 1159-1164.

Steiner C, Teixeira WG, Lehmann J, Nehls T, de Macédo JLV, Blum
WEH, Zech W. 2007. Long term effects of manure, charcoal and
mineral fertilization on crop production and fertility on a highly
weathered Central Amazonian upland soil. Plant Soil 291 (1): 275-
290.

Tagoe Seth O, Horiuchi Takatsugu, Matsui T. 2008. Effects of carbonized
and dried chicken manures on the growth, yield, and N content of
soybean. Plant Soil 306 (1-2): 211-220.

Wang S, Wang L, Zhou Q, Huang X. 2013. Combined effect and
mechanism of acidity and lead ion on soybean biomass. Biol Trace
Element Res 156 (1): 298-307.

Xu L, Dong Y, Fan Z, Kong J, Liu S, Bai X. 2013. Effects of the
application of exogenous NO at different growth stage on the
physiological characteristics of peanut grown in Cd-contaminated
soil. J Plant Interact 9 (1): 285-296.

Yan D, Wang D, Yang L. 2007. Long-term effect of chemical fertilizer,
straw, and manure on labile organic matter fractions in a paddy soil.
Biol Fert Soils 44 (1): 93-101.

Zhang QC, Shamsi IH, Xu DT, Wang GH, Lin XY, lJilani G, Chaudhry
AN. 2012. Chemical fertilizer and organic manure inputs in soil
exhibit a vice versa pattern of microbial community structure. Appl
Soil Eco 157: 1-8.

Zhang W, Xu M, Wang B, Wang X. 2008. Soil organic carbon, total
nitrogen and grain yields under long-term fertilizations in the upland
red soil of southern China. Nutr Cycl Agroecosyst 84 (1): 59-69.

Zhong W, Gu T, Wang W, Zhang B, Lin X, Huang Q, Shen W. 2010. The
effects of mineral fertilizer and organic manure on soil microbial
community and diversity. Plant Soil 326 (1-2): 511-522.



