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*e study aimed to investigate an effect of organic fertilizer applied to rice in the first planting season for unfertilized soybean as
second crop followed by inorganic and biofertilizer applied in the third season on soybean growth and yield under the rice-
soybean-soybean cropping pattern in 2016/2017. *e main plot was organic: (1) without organic amendment, (2) 10 t·ha−1 of
chicken manure, and (3) 10 t·ha−1 precomposted rice straw. *e subplot was inorganic N and P fertilizers and commercial
biofertilizer (consisting of Rhizobium, nitrogen-fixing bacteria, and P-solubilizing bacteria) applied at planting of soybeans in the
second dry season: (1) control (no inorganic and biofertilizer), (2) 50 kg urea ha−1, (3) 100 kg SP36·ha−1, (4) 50 kg urea + 100 kg
SP36 ha−1, (5) biofertilizer, (6) biofertilizer + 25 kg urea ha−1, (7) biofertilizer + 75 kg SP36 ha 1, and (8) biofertilizer + 25 kg
urea + 75 kg SP36 ha−1. Soybean planted on the first dry season after rice harvested was not fertilized (untreated). *e results
showed that the chicken manure amendment increased grain yield of soybean in the second season, i.e., from 1.03 t·ha−1 (without
organic amendment) to 1.27 t·ha−1, an increase of 23%.*ere was no effect of rice straw on soybean grain yield. In the third season,
however, the residual effect of straw compost or chicken manure increased soybean grain yield by 8% and 20%, respectively. Both
straw compost and chicken manure also showed a positive effect on the use of inorganic and biofertilizers in increasing
soybean productivity.

1. Introduction

Increasing the productivity of soybean (Glycine max (L.)
Merr.) can be done by the integrated land and nutrient
management. *e efficiency and effectiveness of nutrient
management refers to the sustainability of land carrying
capacity which becomes a necessity [1]. Soybean plants are
mostly grown in paddy fields following the cropping pattern
of rice-rice-soybean, or rice-soybean-soybean. In mono-
culture, the plough tillage and no-tillage generated a higher
income per ha than the soybean grown in crop rotation.
During this period, the increase of soybean production is
more on the use of inorganic fertilizers, due to it is easy

process, practical nature, and availability, as well as high-
yielding varieties that are responsive to fertilizer application.

*e use of chemical fertilizers and less attention to the
use of organic materials lead to reduced fertility of a lot of
paddy soil. One indicator of the soil fertility decline is from
C-organic levels [2]. *e results of the soil analysis of 30
locations of Indonesian paddy fields taken randomly re-
ported that 68% of them have C-organic content of less than
1.5% and only 9% had levels of more than 2% [3]. Crop
residue management becomes very important in the aspect
of long-term soil fertility in a cropping pattern.

Organic materials should be a top priority in the
management for maintaining sustainable agricultural
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systems. Incorporation of crop residues can alter microbial
processes in the soil, thereby affecting the availability of
nutrients and, in turn, the production of crops [4]. In alfisol
soil with low organic-C levels, the addition of chicken
manure at amount of 10 t·ha−1 increased soybean grain yield
by 0.25 t·ha−1 [5]. *e organic input commonly used in
paddy field is rice straw. *e tendency of farmers in
Indonesia is burning rice straw after harvest. *is trend is
not favorable because it eliminates most of the potential
benefits of rice straw. Application of 5 t·ha−1 rice straw has
been reported to supply 30 kg N, 5 kg P, 2.5 kg S, 75 kg K, and
100 kg of Si, in addition to 2 tonnes of carbon which is the
source of energy for the activities of microorganisms in soil
[3].

*e quality and productivity of soil and crop cultivation
in sustainable agriculture can be maintained by using or-
ganic and inorganic fertilizer inputs. *e effect of organic
fertilizer application maintains and improves physical,
chemical, and biological soil fertility and plant productivity
[6]. Application of organic matter in paddy soil by using
straw or manure has long been carried out by farmers.
However, significant amounts of at least 10 t·ha−1 were re-
quired to get the most out of the use of the organic materials
as fertilizers (incorporated to the soil) [7]. *erefore, the
appropriate technology for organic material use in agri-
cultural land is required, so these large doses can be used as
efficient as possible. In relation with this, the study will assess
the effect of the use of organic materials for increasing crop
productivity and its residual effect on the effectiveness of
inorganic and bio fertilizers, by (1) utilizing the residual
effect of organic matter from the previous to the next
planting season and (2) combining the residual effect of
organic matter with other inputs in the form of inorganic
and biological fertilizers.

*e objective of this study was to examine the effect of
organic, inorganic, and biofertilizers on plant growth and
grain yield of soybean.

2. Materials and Methods

2.1. StudyArea. *e research was conducted in a paddy field
of entisol soil type in the first and second dry season fol-
lowing the cropping pattern rice-soybean-soybean in 2016/
2017. *e research site was located in the Genteng district,
Banyuwangi regency, East Java Province, Indonesia, at the
coordinates of −8°22′ 0.01″ South Latitude and 114°09′ 0.00″
East Longitude.

2.2. Description of Experimental Design. Treatment was
arranged in a split plot design with three replications. *e
main plots were organic fertilizer (applied at the time of land
preparation for rice in the rainy season): (1) no organic
fertilizer, (2) 10 t·ha−1 chicken manure, (3) 10 t·ha−1 straw
compost. *e subplots were inorganic N and P fertilizer as
well as commercial biofertilizer (consisted of N-fixing
Rhizobium and P-solubilizing bacteria) that were applied at
planting of soybeans in the second dry season: (1) control
(without inorganic or biofertilizer), (2) 50 kg urea ha−1, (3)

100 kg SP36 ha−1, 4) 50 kg urea ha−1 + 100 kg SP36 ha−1, (5)
biofertilizer, (6) biofertilizer + 25 kg urea ha−1, (7) bio-
fertilizer + 75 kg SP36 ha−1, and (8) biofertilizer + 25 kg urea
ha−1 + 75 kg SP36 ha−1. Soybean planted on the first dry
season after rice harvest was not fertilized (untreated).

Treatment plot size was 4m× 5m, with a plant spacing of
40 cm× 15 cm, two plants per hill. *e soybean variety
planted was Anjasmoro. To inoculate the seed by biological
fertilizers, the seeds were first covered by Arabic Gum so-
lution and then biofertilizer was applied according to ex-
perimental treatments. All the seeds were sown soon after
inoculation. Before planting, the soil and organic fertilizer
were analyzed to obtain the data of pH, organic-C, N, P, and
K.

2.3. Data Analysis. Data were collected from soybean crops
in the first and second dry season. At the vegetative phase (45
dap), a sample of 5 plants plot−1 was measured for plant dry
weight and P content in the plant. At harvest, samples of 10
plants plot−1 were measured for plant height and number of
pods plant−1, while the harvested plots of 4m× 3m were
observed for grain yield. Data collected were subjected to
statistical analysis by using Duncan’s Multiple Range Test
(DMRT) at 5% probability level applied to compare the
differences among treatment means.

3. Results

3.1. Residual Effect of Organic Amendment on Soybean in the
First Dry Season. Long-term effects of organic amendment
were determined by the type of organic material used. At the
first dry season or one season after amendment, the residual
effects of straw compost tended to increase the soybean plant
height and dry matter although not significantly different
from those of control (without organic amendment), while
the residual effect of chicken manure significantly increased
plant dry matter, nodule dry weight, and plant height of
soybean (Figure 1).

*e improvement of plant growth and nodulation on the
chickenmanure amended soil was followed by an increase in
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Figure 1: Effect of organic matter (OM) applied in the previous
season (rice) on soil water content of the next planting season
(soybean I) under the rice-soybean-soybean cropping pattern.
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grain yield from 1.03 t·ha−1 (without organic amendment) to
1.27 t·ha−1, an increase of 23% (0.24 t·ha−1). *e increase in
grain yield was also supported by an increase in the number
of pods per plant and 100 seed weight. Conversely, the
residual effect of straw compost has not been seen in in-
creasing grain yield of soybean. *is might be at the first dry
season, when the straw had not been completely decom-
posed naturally. *is was probably due to its low nitrogen
levels (Tables 1 and 2).

3.2. Residual Effect of Organic Amendment on Soybean in the
6ird Season. In the third season, a significant effect of
organic fertilizer residues from the previous two seasons on
the increase in plant height, nodule weight, and weight of
soybean plants was seen, but the interaction with inorganic
and biofertilizers was not significant for the three variables
(Table 3). Treatment of chicken manure, like the previous
season, still showed advantages in increasing nodule weight,
plant weight, and plant height compared to that of the straw
compost treatment and without organic fertilizer. In the
third season after amendment, straw compost, the same as in
the previous season, was less effect on plant growth pa-
rameters, but it showed a significant effect on the increase in
dry weight of root nodules, while chicken manure, as in the
previous season, still showed superiority in increasing
nodule weight, plant dry matter, and plant height compared
to straw compost or without organic amendment (Table 3).

3.3. 6e Role of Organic Fertilizers in Increasing the Produc-
tivity of Soybean Plants. In contrast to the growth param-
eters, soybean productivity was influenced by the interaction

between organic amendment and the treatment of inorganic
and biofertilizers. Chicken manure and straw compost
amendment significantly influence the effectiveness of urea
and biofertilizer in increasing the number of pods and grain
yield of soybean (Tables 4 and 5).

*e application of 50 kg urea ha−1 or biofertilizer
resulted in the highest grain yield compared to the other
treatments. On unamended soil, application of 50 kg urea
ha−1 or biofertilizer resulted in a grain yield of 1.99 t·ha−1

and 2.05 t·ha−1, respectively, an increase of 6.5% and 9.6%
over control (1.87 t·ha−1). On soil amended with straw
compost, the increase in grain yield in both the treatment
was to be 14% and 19%, and the highest increase was

Table 1: Effect of organic fertilizer applied in the rainy season on nodule dry weight, plant dry matter, and plant height of soybean in the first
dry season.

Organic fertilizer Nodule dry weight (mg plant−1) Plant dry matter weight (g plant−1) Plant height (cm)
Without fertilizer 210 b 33.7 b 53.6 b
Straw compost 220 b 37.7 ab 56.5 ab
Chicken manure 260 a 40.9 a 58.4 a
Numbers in one column followed by the same letter are not significantly different at LSD 5%.

Table 2: Effect of organic fertilizer applied in the rainy season on 100 seed weight, pod field number, and grain yield of soybean in the first
dry season.

Organic fertilizer 100 seed weight (g) Pod field number plant−1 Grain yield (t ha−1)
Without fertilizer 8.43 b 39 b 1.03 b
Straw compost 8.83 ab 45 ab 1.19 ab
Chicken manure 9.06 a 48 a 1.27 a
Numbers in one column followed by the same letter are not significantly different at LSD 5%.

Table 3: Effect of organic fertilizer applied in the rainy season on nodule dry weight, plant dry matter, and plant height of soybean in the
second dry season.

Organic fertilizer Plant height (cm) Nodule dry weight (g plant−1) Plant dry matter (g plant−1)
Without fertilizer 594 b 0.19 b 35.1 b
Straw compost 683 a 0.20 b 37.8 ab
Chicken manure 697 a 0.30 a 39.6 a
Numbers in one column followed by the same letter are not significantly different at LSD 5%.

Table 4: Effect of organic fertilizer from the rainy season and
inorganic and biofertilizers applied in the second dry season on the
grain yield of soybean.

Fertilizer

Grain yield (t ha−1)
Without
organic
fertilizer

Straw
compost

Chicken
manure

Without fertilizer (control) 1.87 l 2.02 hijk 2.19 def
50 kg urea/ha 1.99 ijk 2.13 efg 2.33 ab
100 kg SP36/ha 1.88 l 2.08 ghi 2.27 bcd
50 kg urea + 100 kg SP36/ha 1.93 kl 2.14 efg 2.25 bcd
Biofertilizer 2.05 ghij 2.22 cde 2.34 ab
Biofertilizer + 25 kg urea/ha 2.11 fgh 2.25 bcd 2.39 a
Biofertilizer + 75 kg SP36/ha 1.95 jkl 2.21 cdef 2.31 abc
Biofertilizer + 25 kg
urea + 75 kg SP36/ha 2.07 ghi 2.27 bcd 2.41 a

Numbers in one column and row followed by the same letter are not
significantly different at DMRT 5%.
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obtained on the soil amended with chicken manure that was
24% and 25%. In soil amended with chicken manure, the
treatment of biofertilizer +25 kg urea ha−1 showed the
highest grain yield but not significantly different compared
to that of 50 kg urea ha−1 or biofertilizer treatment. *is
suggests that the use of biofertilizer was able to replace the
use of chemical fertilizers as it gives results equivalent to
those obtained at 50 kg urea ha−1 fertilizer. In contrast to
fertilizer N, P fertilizer application of 100 kg SP36 ha−1 had
no effect on the growth and productivity of soybean plants.
*is suggests that, in the research sites, which are technically
irrigated paddy field, P is not a limiting nutrient for soybean
crop in the second season after rice, due to high P accu-
mulation in paddy soil. On the other hand, the use of bi-
ological fertilizers containing P-solubilizing bacteria is more
useful for mining P accumulated in the soil. *e soybean
plant in this season, on the other hand, is more responsive to
N (urea) fertilizer. Nitrogen is a nutrient that is easily lost,
partly with irrigation water when drying after rice. Loss of N
can also occur due to transportation of soybean plants from
the previous season that were neither N nor P fertilized, with
assumptions there are still enough nutrients from fertil-
ization for rice.

Soybean productivity is influenced by the interaction
between organic fertilizer treatment with inorganic and
biological fertilizers. *e residual chicken manure and straw
compost had a significant effect on increasing the effec-
tiveness of N fertilizer and biofertilizers on the variables of
the number of field pods and soybean seed yield (Table 4).
Without organic fertilizer, application of 50 kg urea ha−1 and
Rhizoplus increased seed yields from 1.87 t·ha−1 to
1.99 t·ha−1 and 2.05 t·ha−1, respectively. However, with straw
compost, giving 50 kg of urea ha−1 and Rhizoplus, can in-
crease the yield of seeds to 2.13 t·ha−1 and 2.22 t·ha−1.
Meanwhile, the yield of seeds in the straw compost treat-
ment was 2.02 t·ha−1. In the treatment of chicken manure,
the yield of seeds obtained was higher than that of straw
compost, namely, 2.25 t·ha−1, and the addition of other
inputs in the form of urea or bio fertilizers did not increase

the yield of seeds, except for the combination of biofertilizer
+25 kg urea ha−1 which gave the highest seed yield of
2.39 t·ha−1. In soil containing organic fertilizer residues, the
use of Rhizoplus, which, in addition to containing P-solu-
bilizing bacteria, also contains N-fixing bacteria, was able to
reduce the need for N fertilizer of urea to plants. *is yield
can still be improved with the combination of Rhizoplus
+25 kg urea ha−1, which gives the highest yield of seeds
under both the straw compost and chicken manure treat-
ment as well.

4. Discussion

4.1. Residual Effect of Organic Amendment on Soybean in the
First Dry Season. *e effect of organic matter, especially
chicken manure, in improving soybean growth and nodu-
lation can be due to its ability to improve the texture and the
air circulation of the soil so that the plant roots become
deeper and wider [8, 9]. Organic matter also made better soil
environment for plant growth and microbial life, in par-
ticular rhizobium bacteria that form nodules on the roots of
legumes [10].

4.2. Residual Effect of Organic Amendment on Soybean in the
6ird Season. Chicken manure that has a low content of
organic-C and higher levels of N (Table 6) decays more
quickly, so the effect was more apparent than straw compost
which supposedly has not decomposed perfectly. Straw, in
addition to the low nitrogen content and high organic-C
(Table 6), has high lignin content [11]. Lignin is one of the
organic materials that are difficult to decompose.

4.3. 6e Role of Organic Fertilizers in Increasing the Produc-
tivity of Soybean Plants. Biofertilizers, whose main com-
ponents are P-solubilizing and N-fixing microbes, like other
microbes in general, require optimal environmental con-
ditions for growth and activity. *e important growing
environmental factors include pH and humidity. *e op-
timal pH range for microbes is generally neutral or about
neutral. *e application of organic matter was able to
change/improve soil pH. In this study, soil pH was not
observed, but from the results of previous studies (pot ex-
periments) on several acidic and alkaline soils, it was seen
that one season after immersion of organic matter in the soil,
the pH generally changes towards/around neutral. *e same
result was reported by Soepardi [12] that, in tidal rice fields,
immersion of organic matter had a major effect on changes
in soil pH, by increasing the pH from 5.0 to 6.5 after 90 days
of incubation. Microbial cells can die due to drought;
therefore, moisture or the availability of enough water is also
needed for microbial life in the soil. Application of organic
matter increases the soil’s ability to retain water. *is can be
seen from the increase in soil water content in the organic
fertilizer treatment compared to the organic fertilizer
without (Figure 1). *e positive effect of organic fertilizers
on improving the physical and chemical properties of soil,
including pH and soil moisture content, is that it was able to
increase the effectiveness of inorganic and biological

Table 5: Effect of organic fertilizer from the rainy season and
inorganic and biofertilizer applied in the second dry season on pod
field number plant−1 of soybean.

Fertilizer

Pod field number plant−1

Without
organic
fertilizer

Straw
compost

Chicken
manure

Without fertilizer (control) 33.2 hi 38.4 gh 51.0 ef
50 kg urea/ha 37.7 ghi 42.6 g 62.7 abc
100 kg SP36/ha 30.8 i 40.4 gh 57.2 cde
50 kg urea + 100 kg SP36/ha 37.7 ghi 37.8 ghi 54.0 de
Biofertilizer 42.5 g 44.0 fg 59.0 bcd
Biofertilizer + 25 kg urea/ha 40.7 gh 63.5 abc 67.4 a
Biofertilizer + 75 kg SP36/ha 37.4 ghi 41.3 g 38.7 cde
Biofertilizer + 25 kg urea +75 kg
SP36/ha 38.6 gh 51.0 ef 44.3 ab

Numbers in one column and row followed by the same letter are not
significantly different at DMRT 5%.
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fertilizers on soybean plants. *is can be seen from the
nutrient uptake in the treatment of urea, SP36, and bio-
fertilizers which increased in soil treated with organic fer-
tilizers compared to those without (Figure 2).

*e evaluation of Bradyrhizobium did not give a clear
effect on soybean yield and composition. Soybean seed yield
and composition (protein, oil, and AAs concentration) were
not affected by any of the inoculation strategies. *ere was a
lack of response to inoculation on nodule number and
relative abundance of ureides (RAU). Soils with previous
soybean in the rotation or viable rhizobia populations create
conditions in which seed or additional in-season soil in-
oculations, at V4 or R1 growth and development stages, did
not produce any benefit on seed yield and composition [13].
Continuous cultivation, without application of organic in-
puts, significantly depleted total C content in the soil by
39–43% compared with treatments involving the addition of
organic amendments. Microbial biomass carbon (Cmic) and
mineralizable C increase following the addition of the or-
ganic inputs. *e organic amendment significantly increases
grain yield [14].

Soil organic matter and enzymes are essential for nu-
trient cycling and soil quality. Long-term use of manure is
the best alternative to improve soil quality and microbial
activity. *e use of manure for 15 years increased organic
matter, total N, enzyme activity, including invertase,
β-glucosidase, urease, acid phosphatase, alkaline phospha-
tase, and dehydrogenase activity in the soil [15]. *erefore,
the application of organic fertilizers may increase soil or-
ganic-C content and reduce the use of inorganic fertilizers.
Inorganic fertilizer application such as manure and soil

conservation methods is an important recommendation in
areas where there is frequent drought and erratic rainfall
occurring to conserve the fertile agricultural environment.
*e sustainable land management practices reduce the
likelihood of discontinued use of green revolution input
technologies [16].

*e application of organic (cow or poultry) manures
combined with the recommended dose of inorganic fertil-
izers (N, P, K, and Ca) improved soil fertility status and
increased the grain yield as well as grain quality of soybean
[17].*e use of a late-maturing variety of soybean with lower
rates of organic manure resulted in a finger millet yield
comparable to farmers’ practice, indicating that this option
can be adopted by smallholder farmers who cannot produce
sufficient organic manure. Planting of finger millet after a
soybean precursor crop even without fertilizer application
could give better yield and economic benefits as it saves
70–85% of chemical fertilizer costs compared to the farmers’
practice [18].

*e combination of conservation systems (no-tillage and
minimum tillage) and crop rotation gave a higher soybean
yield [19]. N and P uptake by seed and straw increased
significantly from 0 to 75 and 75 to 100% recommended N,
and a similar trend was found in K uptake by seed and straw.
Agronomic efficiency, apparent recovery, and energy output
were increased up to 100% recommended N. However,
partial factor productivity was decreased significantly with
the increase in N levels, and physiological efficiency was not
influenced significantly by different N levels [20]. *e right
timing of rice straw incorporation into the soil and com-
bined use of rice straw and mineral fertilizer could improve

Table 6: Chemical properties of soil and organic matter.

Soil organic matter pH H2O C-organic (%) P (%) N (%) C/N ratio K (me/100 g)
Without fertilizer 6.5 1.4 0.0036 0.21 6.66 0.96
Straw compost — 25.9 0.3100 0.61 42.45 0.60
Chicken manure — 9.0 0.8000 1.66 5.42 0.88
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Figure 2: Effect of urea: 25 kg·ha−1 (25 N) and 50 kg·ha−1 (50 N), SP36: 75 kg·ha−1 (75 P) and 100 kg·ha−1 (100 P), and biofertilizer (Bio) on N
and P uptake of the second soybean season under the rice-soybean-soybean cropping pattern.
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the short-term effectiveness to the plants. Continuous ap-
plication of rice straw resulted in the improvement of soil
fertility, plant growth, and N uptake by paddy rice and
upland crops [21].

5. Conclusions

*e findings of this study highlighted that the use of organic
chicken manure in irrigated entisol rice fields (rainy season)
has a real role up to two seasons and after that, in increasing
soybean productivity in the first and second dry season. On
the other hand, the effect of straw compost is seen in the
third season (second dry season). *e residue of chicken
manure and straw compost has a significant role in in-
creasing the effectiveness of urea and biofertilizers on
soybean in the second dry season.
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