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Abstract. Increasing soybean (Glycine max L.) production in dry land can be done through intensification
using organic and inorganic fertilizer. The aim of the study was to evaluate the optimization use of
organic and inorganic NPK fertilizers on soil and soybean productivity on dry land. The experiment was
arranged in a randomized complete block design with three replications on dry land in Gresik, East Java,
Indonesia. The treatments evaluated were 12 dosage combinations of ZA (ammonium sulphate), SP-18
(super phosphate-18), KCI (potassium chloride), and chicken manure. The study was conducted on dry
land without and with 5,000 kg cow manure/ha. The soybean seed used in this research was Argomulyo.
The results showed that (1) application of 5,000 kg cow manure/ha increased the yield of Argomulyo
soybean variety by 0.21 t/ha (9%), (2) application of 100 kg KCl/ha + 50 kg ZA/ha + 100 kg SP-18/ha +
5,000 kg cow manure/ha, and 50 kg ZA/ha + 2,500 kg chicken manure/ha + 5,000 kg cow manure/ha
increased soybean yield by 0.95-1.38 t/ha (50-74%), (3) application of 100 kg KCl/ha increased P uptake
by 68%, Ca uptake by 60%, and Mg uptake by 54% compared to without fertilizer, (4) application of
50 kg KCl/ha + 2,500 kg chicken manure/ha increased N uptake by 48%, application of 50 kg ZA/ha +
100 kg SP-18/ha increased K uptake by 117%, and application of 50 kg ZA/ha increased Ca uptake by
60% compared without fertilizer, and (5) application of 5,000 kg cow manure/ha improved the physical
properties of the soil by reducing soil bulk density by 7% and soil penetration by 37% and increasing soil
permeability of 2.20 cm/hour from 1.78 cm/hour to 3.98 cm/hour. Soybean cultivation of the Argomulyo
variety on dry land in Gresik requires the addition of organic cow manure 5000 kg/ha plus ZA fertilizer
50 kg/ha + chicken manure 2500 kg/ha or ZA fertilizer 50 kg/ha + SP-18 100 kg/ha + KCI 100 kg/ha to
increase yield 0.95-1.38 t/ha and improve soil physical fertility. This study gives the information that the
use of organic and inorganic fertilizer is an alternative technology that is required to maintain and
increase the productivity of soybean and soils in dry land to support sustainable soybean cultivation.
Keywords: Argomulyo variety, application, chicken manure, optimization, productivity

Introduction

Dry land is defined as land that has never been waterlogged most of the year. The
productivity of dry land is generally low, thus limiting the productivity of cultivated
plants. Physical characteristics of dry land soils in Indonesia especially in East Java and
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Central Java that are planted with maize (Zea mays L.), soybean (Glycine max L.), and
peanuts (Arachis hypogea L.) is dominated by clay and silt fractions. The soil organic-C
content ranges from 0.47-3.09%, the N-total content ranges from 0.11-0.22%, with pH
(H20) 4.65-7.60, level of P,0Os Bray-1 ranged from 3 to 87 ppm, and level of P20Os
Olsen is between 5 and 64 ppm. K content is between 0.08 and 1.20 me/100 g. Fe-P and
Al-P levels > 50 ppm are more than 50% of the survey locations; the highest Ca-P
levels (25 ppm) is only in one location. On average, Fe-P > Al-P >> Ca-P. The diversity
of soil fertility causes diversity in soybean vyields (lletri, 1998; Harsono, 1999;
Kuntyastuti and Radjit, 2000). According to Nurjaya et al. (1998) soils rich in P and K
elements are found in intensification areas, while those with low P and K status are
found in non-intensified or rainfed areas. Taufiq (2001) reported that Alfisol soil in East
Java and Central Java is potentially deficient in P. Dry land needs improvement to
increase productivity by providing ameliorant materials such as agricultural lime,
dolomite, organic matter or biochar. Balanced fertilization is very effective and efficient
to increase soil productivity, and is carried out based on soil nutrient status and nutrient
needs by plants (Kasno, 2019).

Apart from paddy fields, soybeans are also grown on dry land with lower
productivity compared to rice fields. The role of dry land soybean is in supporting
efforts to increase production through intensification using organic and inorganic
fertilizers. Increasing soybean yield on suboptimal land requires the addition of organic
fertilizers, biological fertilizers, lime, and inorganic fertilizers. In addition, the use of
varieties suitable for specific agroecology is also highly recommended (Barus, 2013).

Nutrients that limit soybean growth in dry land are elements of P and K (Kuntyastuti
and Radjit, 2000) and organic matter (Kuntyastuti and Taufig, 2008). The addition of
organic fertilizers and inorganic fertilizers is reported to improve and increase growth,
soybean yield, and soil fertility (Vende et al., 2013; Hanifa and Lutojo, 2014; Naini,
2015; Juarsah, 2016; Widiastuti and Latifah, 2016; Wijanarko, 2016; Sari et al., 2017;
Setiawati et al., 2017; Yuniarti et al., 2019; Kristiono et al., 2020). On dry land, the use
of SP36 (super phosphate-36) fertilizer and chicken manure increases soybean yield
(Kuntyastuti, 2000), and the addition of 100 kg S fertilizer/ha increases the efficiency of
KCI fertilizer on soybeans (Kuntyastuti and Santoso, 2001). Sulfur fertilization and
Rhizobium sp inoculation can also increase soybean yields (Getachew, 2017). The use
of organic fertilizers can reduce the need for NPK inorganic fertilizers (Sitawati, 2020).
The yield of soybean fertilized by 50 kg Urea/ha + 75 kg SP36/ha + 100 kg KCl/ha is
not different from that fertilized by 25 kg Urea/ha + 37.5 kg SP36/ha + 50 kg KCl/ha +
500 kg guano manure/ha (Wahyudin et al., 2017). Meanwhile, the addition of biological
fertilizers of Rhizobium, Azotobacter sp., Azospirillum sp., or endomycorrhizae also
improves soybean growth in dry land (Permanasari et al., 2014; Kartina et al., 2015;
Kiuk et al., 2019). The addition of biofertilizer Agrimeth + NPK inorganic fertilizer
50% recommendation increases soybean yield 1.26 t/ha (100%) compared to
recommended 100% NPK fertilizer (Purba, 2016). Application of 50% NPK + 50%
poultry manure and 100% poultry manure improved soil chemical properties and
nutrient uptake of soybean (Almaz, 2017).

The use of P inorganic fertilizer and manure is one of the alternatives to improve soil
P fertility status, increase yields, and sustain better productivity of soy-wheat cropping
patterns on dry land Vertisols (Reddy et al., 1999). Phosphorus deficiency significantly
decreased nutrient uptake by all plant parts especially in drought conditions (Rotaru et
al., 2014). Continuous application of P fertilizer enhanced available P (Bray-P), but
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application of lime reduced the accumulation of P in soil. Balanced fertilizer
management with suitable amendment (organic manure/lime) compulsorily required for
optimum nutrient supply without affecting soil health for sustainable production
(Vishwanath, 2020). On dry land with a pH of 6.9, 1.21% organic C, low levels of P, K,
and S elements, the use of 150 kg rock phosphate/ha increases soybean yields 35-50%
and increases the efficiency of using chicken manure and cow manure by 50%
(Kuntyastuti et al., 2003). According to Ghosh et al. (2003) 100% recommended dose of
NP fertilization can increase the sustainable yield index. The agronomic efficiency was
higher at the 50% recommended dose of NP fertilization compared to 100%
recommended dose of NP fertilization. Soil organic C content decreased after four years
of planting and availability of P elements increased with continuous NP fertilization for
four years. In Latosol and Podsolik soils, the use of cow dung is better than that of straw
compost. The addition of cow dung and straw is better given after the application of
P-inorganic fertilizer (Sari et al., 2017).

The use of 4,000 kg manure + 30 kg N + 26 kg P + 25 kg K/ha in each growing
season is an alternative fertilizer to improve soil physical properties and soybean
productivity because it increases the efficiency of water and nutrient use
(Bandyopadhyay et al., 2010). Improvement of soil fertility due to the use of manure
caused by the activity of dehydrogenase enzymes; acid and alkaline phosphatase;
cellulose; and protease activity, which ultimately improves nutrient transformation
(Saha et al., 2008). The best soybean growth and yield was obtained in the treatment of
20 t/ha manure + Trichoderma sp. 20 g/polybag (Sarawa, 2014).

Intensive cultivation, the use of inorganic fertilizers and erosion can reduce the
carbon content of microorganisms (Susilawati, 2013) and cause a decrease in yield.
Ding et al. (2016) reported that inorganic fertilizer plus manure increased microbial size
and diversity and changed microbial composition.

Cultivation of plants without organic fertilizers reduced soil organic C content by
39-43% compared to soil treated with organic fertilizers. The increase in soil organic C
was 26, 18, and 6% of the total C-organic in added manure, rice straw, and green
manure (Ghosh et al., 2012). The use of manure for 15 years increased the C-organic
and N-total soil as well as the enzyme activity of invertase, b-glucosidase, urease, acid
and alkaline phosphatase, and dehydrogenase in the soil. Long term use of manure is the
best alternative to improve soil quality and microbial activity (Liang et al., 2014). The
activity of the plasma membrane H+-ATPase enzyme can be increased by the addition
of Ca, thereby increasing nutrient uptake (Liang and Zhang, 2018). Ca nutrient
promotes a more positive partial N-balance in soybean, contributing N to the rotation,
reducing the dependency on synthetic N fertilizers and the mining of soil N reservoir
from soil organic matter, and increasing the long-term sustainability (Alves et al.,
2021). In connection with the foregoing research that has been carried out, this study
aimed was to evaluate the optimization use of organic and inorganic NPK fertilizers on
soil and soybean productivity on dry land.

Materials and Methods
Place and time of study

The study was conducted on dry land in Bolo Village, Ujungpangkah District, Gresik
Regency, East Java Province, Indonesia at the coordinates of 6.957881 and 112.531537
East Longitude.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary



Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia
- 3534 -

Research design

The experiment was arranged in a randomized complete block design with three
replications. The treatments evaluated were 12 dosage combinations of ZA (ammonium
sulphate), SP-18 (super phosphate-18), KCI (potassium chloride), and chicken manure
(Table 1). The study was conducted on dry land without and with application of
5,000 kg cow manure/ha. ZA inorganic fertilizer contains 20.8% N and 23.8% S, SP-18
contains 18% P20s, and KCI contains 60% K>O. Chemical properties of cow manure
and chicken manure presented in Table 2.

Table 1. Combination treatments of organic and NPK inorganic fertilizer

ENVIRONMENT A ENVIRONMENT B
(without cow manure) (5,000 kg cow manure/ha)
No- | za  spas ko Chicken ZA  SP-18  KCl Chicken manure
manure
(kg/ha) (kg/ha)
1 0 0 0 0 0 0 0 0
2 50 0 0 0 50 0 0 0
3 0 100 0 0 0 100 0 0
4 0 0 100 0 0 0 100 0
5 50 100 0 0 50 100 0 0
6 50 0 100 0 50 0 100 0
7 0 100 100 0 0 100 100 0
8 50 100 100 0 50 100 100 0
9 50 0 0 2,500 50 0 0 2,500
10 0 50 0 2,500 0 50 0 2,500
11 0 0 50 2,500 0 0 50 2,500
12 0 0 0 2,500 0 0 0 2,500
Table 2. Chemical properties of cow manure and chicken manure
Chemical properties Cow manure Chicken manure Methods
Organic-C (%) 3.86 26.9 Curmic
P20s (%) 0.13 4.21 Wet destruction HNO3; + HCIO4
S04 (%) 3.07 7.45 Wet destruction HNO3 + HCIO,4
K (%) 0.44 2.62 Wet destruction HNO3 + HCIO,4
Ca (%) 5.35 2.67 Wet destruction HNO3; + HCIO4
Mg (%) 0.28 0.34 Wet destruction HNO; + HCIO4
CEC (%) 25.1 32.0 NH4 OAc pH 7
Fe (%) 0.39 0.18 Wet destruction HNO; + HCIO4
Mn (%) 0.170 0.08 Wet destruction HNO; + HCIO4
Cu (%) 0.011 0.08 Wet destruction HNOs + HCIO,4

Remarks: Analysis were carried out in Soil and Plant Chemical Laboratory, lletri

Seeds of Argomulyo variety (mixed with carbosulfan insecticide) were planted at a
3.2 m x 3.2 m plot with a planting space of 40 cm x 10 cm, without basic fertilizer.
Between plots were made a drainage channel of 30 cm wide with a depth of 25 cm.
Cultivated land, the fertilizers were supplied at planting time by making a hole in the
soil of 10 cm apart next to the seedling hole. Weeding was carried out at the age of 21
and 35 days after planting (DAP). Thinning and replanting were carried out at the age of
10 DAP and leaving two plants/clumps. Pests and disease controls were carried out
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intensively according to the field conditions using deltametrin 25 g/l, fipronil 50 g/I,
diafentiuron, mankozeb, and propinep 70%. At the research locations, water pump
facility is available, so that soybean plants can be irrigated once every 20 days using
underground water.

Observation

Soil samples were taken at a depth of 0-20 cm and 20-40 cm. Nutrient uptake
analysis was carried out at the pod formation phase at 51 DAP. Parameters observed
were (1) leaves chlorophyll indexes using chlorofilmeter digital SPAD brand Minolta
(Figure 1); nutrient uptake of N, P, K, Ca, and Mg in the pod formation phase at 51
DAP, (2) plant height, number of filled pods, and weight of 100 seeds from 10 sample
plants at harvest time, and (3) soybean yields in the 3.2 m x 2.5 m plots. Data obtained
were subjected to analysis of variance followed by LSD test at a significant level of 5%.
The condition of soybean crop in the study site is shown in Figures 2 and 3.

Figure 2. Leaf growth of Argomulyo variety during pod filling phase, Alfisol Gresik.
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Figure 3. Crop of Argomulyo variety during pod harvesting phase, Alfisol Gresik.

Data analysis

Analysis of the physical and chemical properties of the soil was carried out before
planting and after harvesting. Soil texture of dry land in the research location at Gresik
is clay loam with a soil water holding capacity in the top soil of a depth of 0-20 cm by
16%. Soil is dominated by the silt fraction so that is loose and has the potential to
support the achievement of high productivity. Farmers rarely cultivate the soil to a
depth of more than 20 cm. This can be seen from the saturated hydraulic conductivity of
the soil with a depth of 0-20 cm of 2.01 cm/hour, which is 65% higher than the soil
depth of 20-40 cm, which is 1.22 cm/hour (Table 3). Saturated hydraulic conductivity
(soil permeability) is the velocity of movement of water in the saturated soil (vertical
flow). Water can flow easily in soil which has large pores and has good inter-pore
relationships. Small pores with uniform inter-pore relationships have lower permeability
because the movement of water in the soil is slower. Low soil permeability can also be
caused by the soil that has never been cultivated, so that the soil pores are very small
and the soil becomes compact.

Table 3. Physical properties of Gresik dry land

Physical properties Depth of 0-20 cm | Depth of 20-40 cm Methods
Saturated hydraulic conductivity (cm/hour) 2.01 1.22 Constan heat
Bulk density (g/cm?) 1.28 1.30 Cylinder
Particle density (g/cm?3) 251 2.48 Picnometer
Porosity (%) 49 47 Equation BI, BJ
Penetration (N/cm?) 259 271 Penetrometer
COLE 0.027 0.074
Water content pF 2,5 (%) 35 38 Gravimetry
Water content pF 4,2 (%) 19 19 Gravimetry
Water holding capacity (%) 16 19
Sand fraction (%) 22 23 Pipette
Silt fraction (%) 43 39 Pipette
Clay fraction (%) 35 38 Pipette
Texture class Clay loam Clay loam Triangle texture

Remarks: Analysis was carried out in Physical Soil Laboratory, Brawijaya University
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Soil compaction with a depth of 20-40 cm was also observed based on the soil
penetration value, namely 271 N/cm? in soil depth of 20-40 cm, higher than the soil
depth of 0-20 cm, namely 259 N/cm?. Soil penetration is the power needed for an object
to enter the ground. The high value of soil penetration can inhibit plant root
development.

Gresik dry land soil has a neutral pH, poor in organic matter, nutrients N, S, Na, Ca,
and Mg, but rich in P and K nutrients (Table 4). If water needs are fulfilled and
fertilized, the physical and chemical fertility of the Gresik dry land soil can support the
achievement of high productivity. In soil with a neutral pH, the level of macro nutrient
availability is at its maximum, so that it can meet the needs of soybean plants. Chicken
manure as research material is richer in organic-C, P, S, K, and Mg elements compared
to cow manure, and vice versa for elements of Ca (Table 2).

Table 4. Chemical properties of Gresik dry land

Chemical properties Depth of 0-20 cm Depth of 20-40 cm Methods
pH H.0 6.75 7.45 pH meter
Organic-C (%) 1.77 1.34 Curmic
Total-N (%) 0.11 0.11 Kjeldhal
P,Os Bray | (ppm) 55.0 40.5 Bray-1
SO4 (ppm) 19.8 15.9 NHs OAc pH 4,8
K (cmol(+) kg?) 0.65 0.23 NH. OAc pH 7
Na (cmol(+) kg™ 0.05 0.03 NH; OAc pH 7
Ca (cmol(+) kg?) 0.82 1.55 NH. OAc pH 7
Mg (cmol(+) kg™?) 0.10 0.52 NH4 OAc pH 7
Al (cmol(+) kg 0.0 0.0 KCI1N
H (cmol(+) kg?) 0.0 0.0 KCI1N
CEC (cmol(+) kg1 25.1 32.0 NH4 OAc pH 7
Fe (ppm) 20.2 16.0 DTPA extract
Mn (ppm) 44.1 45.0 DTPA extract
Cu (ppm) 8.25 7.59 DTPA extract
Zn (ppm) 4.06 3.46 DTPA extract

Remarks: Analysis were carried out in Soil and Plant Chemical Laboratory, Iletri

Results and Discussion

On dry land in Gresik, optimal growth of Argomulyo soybean varieties can be
obtained with good management. The application of organic fertilizer in the form of
cow and chicken manure, NPK inorganic fertilizer in the form of ZA, SP-18, and KCI
did not affect the chlorophyll index of soybean leaves at the age of 51 DAP on pod
development stage, plant height at harvest, weight of 100 seeds, and number of filled
pods/plants (Table 5). The chlorophyll index of soybean leaves averaged 42.3. At
harvest time, the soybean plant reaches a height of 59 cm with 26 filled pods/plant and a
weight of 100 seeds 19.6 g. Argomulyo weight of 100 seeds based on the description of
superior varieties is 16 g, including the large seed soybean category (lletri, 2018).

Application of 5,000 kg cow manure/ha increase Anjasmoro soybean leaves
chlorophyll index at 60 DAP from 39.7 to 46.6. The soybean plant grows on dry land
with pH 6.74, 1.35% organic-C, 9.5 ppm P20s, 0.29 me/100 g K, 52.5 me/100 g Ca, and
7.22 me/100 g Mg. Soil is poor in P and K nutrient, but rich in Ca and Mg nutrient
(Muzaiyanah et al., 2015). The availability and P nutrient uptake can be inhibited by
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high levels of Ca and Mg nutrient. In this study, soybean was grown on dry land with a
pH of 6.75, 1.77% organic-C, 55 ppm P20s, 0.65 me/100 g K, 0.82 me/100 g Ca, and
0.10 me/100 g Mg (Table 4). Soil rich in P and K nutrients, but poor in Ca and Mg
nutrient.

Table 5. Effect of organic and inorganic fertilizer on growth and yield component
Argomulyo soybean varieties in Gresik dry land

Treatment Leaf chlorophylliPlant height at Numlt;g of Weight of
index at 51 DAP| harvest (cm) 100 seeds (9)
pods/plant
Environment
Without cow manure 41.8 59.9 24.3 19.15
5,000 kg cow manure/ha 42.7 57.9 27.1 20.03
Organic and NPK inorganic fertilizer

1. Control (without fertilizer) 40.6 56.1 23.9 18.86
2. ZA 50 ZA kg/ha 42.9 58.5 26.4 18.85
3. SP-18 100 kg/ha 43.1 56.0 24.5 19.85
4. KCI 100 kg/ha 41.8 59.4 29.6 20.10
5. ZA 50 kg + SP-18 100 kg/ha 41.6 60.1 25.0 19.03
6. ZA50kg + KCI 100 kg/ha 41.7 62.9 25.2 19.63
7. SP-18 100 kg + KCI 100 kg/ha 42.5 57.4 26.7 20.14
8. iéb;hio kg+ SP-18 100 kg + KCI 100 435 59.7 259 19.10
9. iéA/hE;O kg + chicken manure 2500 417 585 26.9 19.77
10. ﬁg/hl:i 50 kg + chicken manure 2500 126 596 26.3 19.82
11. EgC/rImSO kg + chicken manure 2500 419 596 25 5 19.94
12. Chicken manure 2500 kg/ha 43.2 59.5 22.8 20.00
Average 42.3 58.9 25.7 19.59
LSD 5% ns ns ns ns

Remarks: ns = not significant, DAP = days after planting

Application of cow manure and interaction with chicken manure and inorganic
fertilizer (ZA, SP-18, and KCI) not affected growth and yield component, but affected
the seeds yield of Argomulyo varieties in Gresik dry land. Application 5,000 kg cow
manure/ha as an environmental differentiator can increase soybean yield by 0.27 t/ha
(15%) from 1.76 t/ha to 2.03 t/ha.

At environment without cow manure, Argomulyo soybean yield reach 1.43 t/ha on
without fertilizer treatment. Addition of 50 kg ZA/ha (10.4 kg N + 11.9 kg S/ha)
increase soybean yield 0.61 t/ha (43%) from 1.43 t/ha to 2.04 t/ha (Table 6). Addition of
100 kg KCl/ha (60 kg K20O/ha) increase soybean yield 0.71 t/ha (50%) from 1.43 t/ha to
2.14 t/ha and not different with application of 50 kg ZA/ha. Addition 100 kg SP-18/ha +
100 kg KCl/ha (18 kg P2Os + 60 kg K2O/ha) and 50 kg ZA + 100 kg SP-18 + 100 kg
KCl/ha (10.4 kg N + 11.9 kg S + 18 kg P20s + 60 kg K>O/ha) increase 0.56 t/ha (40%)
the average of soybean yield. Conversely, application of 100 kg SP-18/ha; 50 kg ZA +
100 kg SP-18/ha; 50 kg ZA + 100 kg KCl/ha, 2,500 chicken manure/ha without or with
50 kg ZA/ha or 50 kg SP-18/ha or 50 kg KCl/ha did not increase soybean yield.
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Table 6. Effects of organic and inorganic fertilizer on Argomulyo varieties soybean yield in
Gresik dry land

Treatment Yield with moisture content 12% (t/ha)
Without cow manure | 5,000 kg cow manure/ha

1.  Control (without fertilizer) 1.43 ef 2.00 bcd

2. ZA50kg/ha 2.04 bcd 1.96 bcd

3. SP-18 100 kg/ha 1.78 bcde 1.56 def

4. KCI 100 kg/ha 214 b 1.79 bcde
5. ZA 50 kg + SP-18 100 kg/ha 118 f 2.72 a

6. ZA50kg + KCI 100 kg/ha 1.83 hcde 220 b

7. SP-18 100 kg + KCI 100 kg/ha 2.01 bcd 2.05 bcd

8. ZA50kg + SP-18 100 kg + KCI 100 kg/ha 1.99 bcd 2.12 bc

9. ZA50 kg + chicken manure 2500 kg/ha 1.56 def 2.23 ab
10. SP-18 50 kg + chicken manure 2500 kg/ha 1.63 cdef 1.87 bcde
11. KCI 50 kg + chicken manure 2500 kg/ha 1.83 bcde 1.97 bcd
12. Chicken manure 2500 kg/ha 1.74 bcde 1.85 bcde
Average 176 P 203 Q
LSD 5% (interaction) 0.5048

In the environment with 5,000 kg cow manure/ha, Argomulyo soybean yield reached
2 t/ha without application of NPK inorganic fertilizers or chicken manure. These results
were not different if 5,000 kg cow manure/ha was combined with N, P, K, NK, PK,
NPK inorganic fertilizer, and 2,500 kg chicken manure/ha with or without N, P, or K
inorganic fertilizer. The highest yield of 2.72 t/ha was obtained when soybean plants
were given 5,000 kg cow manure/ha plus 50 kg ZA + 100 kg SP-18/ha (10.4 kg N +
119 kg S + 18 kg P20s/ha). This yield was 1.29 t/ha (90%) higher than the control
treatment without cow manure, chicken manure, and inorganic fertilizer (ZA, SP-18,
and KCI) or increased 0.72 t/ha (36%) compared to 5,000 kg cow manure/ha without
chicken manure and NPK inorganic fertilizer (Table 6). The addition of 5,000 kg cow
manure + 50 kg ZA + 100 kg SP-18/ha also causes different and higher soybean yields
compared to soybean yields on other fertilization treatment. In contrast, giving 2,500 kg
chicken manure/ha with or without NPK inorganic fertilizer did not increase soybean
yields. The dosage of chicken manure given might still be insufficient, so it does not
increase soybean yield. On dry land in Lamongan and Blitar, increasing soybean yield
requires 10-20 t chicken manure/ha (Kuntyastuti, 2000).

Increasing Argomulyo soybean yield >50% (>0.7 t/ha) becomes 2.14-2.72 t/ha can
reach with application of 100 kg KCl/ha; 5,000 kg cow manure + 50 kg ZA + 100 kg
SP-18/ha; 5,000 kg cow manure + 50 kg ZA + 100 kg KCl/ha or 5,000 kg cow manure
+ 2,500 kg chicken manure + 50 kg ZA/ha. The yield of Argomulyo soybean based on
the variety description is 1.5-2.0 t/ha (lletri, 2018). In the dry land of Penukal Abab
Lematang Ilir, South Sumatra, fertilizing 25 kg Urea + 150 kg SP36 + 100 kg KCI +
2.000 kg manure + 1.000 kg dolomite/ha produces seeds 2.49 t/ha on Anjasmoro
soybean varieties and 1.37 t/ha Burangrang soybean varieties (Somantri et al., 2019).
On the dry land of Bima, West Nusa Tenggara, giving 100 kg NPK fertilizer (15:15:15)
+ 1 liter of liquid fertilizer/ha can produce seeds of 2.41 t/ha in Anjasmoro variety and
2.35 t/ha in Burangrang variety (Hipi et al., 2015). Anjasmoro soybean variety can
produce seeds of 1.8 t/ha in dry land Sampang, Madura (lletri, 2021). In contrast, in
drought condition, 75 kg Urea + 100 kg SP36 + 100 kg KCI + 1,000 kg organic manure
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+ 500 kg dolomite/ha can produce only 0.74 t/ha Grobogan seeds soybean variety
(Mustikawati et al., 2018).

Han (2006) reported that the addition of NPK inorganic fertilizer could increase
soybean yields on Lampineung, Banda Aceh dry land. The use of combination organic
fertilizer and inorganic fertilizer to increase soybean yield was also obtained on dry land
in Blitar and Blora (Kuntyastuti et al., 2003), in Konawe Selatan, Southeast Sulawesi
(Wahab et al., 2019), in South Kalimantan (Adie et al., 2019), and in West Sumatra
(Nofrianil, 2019). According to Bandyopadhyay et al. (2010), the application of manure
and NPK inorganic fertilizer can improve the allocation of dry matter to pods compared
to only NPK inorganic fertilizer, thus increasing soybean yields.

Application of 5,000 kg cow manure/ha did not increase N, P, K, Ca, and Mg
nutrient uptake, but application of NPK inorganic fertilizer with chicken manure giving
reverse information. Application of NPK inorganic fertilizer and chicken manure can
increase 10-48% N nutrient uptake; the highest was 50 kg KCI + 2,500 kg chicken
manure/ha, namely 115 mg N/plant. P nutrient uptake increased 10-69%, highest on
100 kg/ha KCI treatment that was 30 mg P/plant. K nutrient uptake increased 71-130%,
highest on 50 kg ZA + 100 kg SP-18/ha treatment that was 186 mg K/plant. Ca nutrient
uptake increased 33-63%, highest on 50 kg ZA/ha and 100 kg KCl/ha that was 90 mg
Ca/plant. Mg nutrient uptake increased 25-53%, highest on 100 kg KCl/ha that was
24 mg Mg/plant (Table 7). Application of 2-4 t organic manure/ha can increase NPK
nutrient on soybean stem (Sabilu et al., 2015). Application of 20-40 t banana stalk
bokashi/ha can increase NPK nutrient uptake on soybean plant, otherwise on application
103-10° CFU Azotobacter sp./mL + 23-35 g Mycorrhizae bio-fertilizer did not affect
NPK nutrient on soybean stem (Faozi et al., 2019).

Table 7. Effect of organic and inorganic fertilizer on Argomulyo soybean variety macro
nutrient uptake at 51 DAP in Gresik dry land

Macro nutrient uptake (mg/plant)
Treatment N P K Ca Mg
Environment
Without cow manure 100.3 22.6 156.0 79.4 21.0
5,000 kg cow manure/ha 101.4 21.2 157.3 815 20.9
Organic and NPK inorganic fertilizer

1.  Control (without fertilizer) 77.9 17.7 86.0 55.9 155
2. ZA50 ZA kg/ha 112.0 28.3 175.8 89.6 229
3. SP-18 100 kg/ha 85.8 23.3 140.2 75.1 19.3
4. KCI 100 kg/ha 108.7 29.7 182.5 89.5 238
5. ZA50 kg + SP-18 100 kg/ha 102.5 29.0 186.2 85.0 224
6. ZA 50 kg + KCI 100 kg/ha 101.8 23.8 150.6 74.3 20.4
7.  SP-18 100 kg + KCI 100 kg/ha 107.8 21.2 157.6 85.9 21.0
8. ZA50 kg+ SP-18 100 kg + KCI 100 kg/ha 100.7 21.2 175.6 83.0 216
9.  ZA50 kg + chicken manure 2500 kg/ha 96.1 19.1 151.6 78.1 205
10. SP-18 50 kg + chicken manure 2500 kg/ha 994 18.8 145.6 76.6 21.2
11. KCI 50 kg + chicken manure 2500 kg/ha 114.9 21.8 161.0 82.6 23.2
12.  Chicken manure 2500 kg/ha 96.0 17.3 158.9 77.1 20.1
Average 100.3 226 156.0 79.4 21.0

In this study, the average soybean yield of Argomulyo varieties reached 1.90 t/ha and
absorbed 100 mg N/plant, 23 mg P/plant, 156 mg K/plant, 79 mg Ca/plant, and 21 mg
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Mg/plant. In Vertisol soil Ngawi, soybean plants absorbed 430 mg N/plant, 790 mg
P/plant, 450 mg K/plant, 490 mg Ca/plant, and 910 mg Mg/plant to produce 1.74 t/ha
(Kuntyastuti et al., 2012). In Entisol soil Malang, soybean yield of 1.72 t/ha was
obtained in soybean plant which absorbed 450 mg N/plant, 47 mg P/plant, 203 mg
Ca/plant, and 55 mg Mg/plant (Kuntyastuti and Sutrisno, 2014).

Application of 5,000 kg cow manure/ha can improve physical soil fertility in Gresik
dry land. Bulk density decreased from 1.25 g/cm® to 1.16 g/cm?®. Soil penetration
measured in the field using a penetrometer at a depth of 5 cm reduced 63% and at a
depth of 15 cm declined 44% (Table 8). Soil structure can improve with application of
5,000 kg cow manure/ha. Application cow, goat, and chicken manure can decrease bulk
density or increase soil porosity, permeability rate, and soybean yield in degraded
Ultisol soil Jambi. Conversely, at a depth of 25 cm, the use of cow manure does not
affect soil penetration (Abdurachman et al., 2000). A soil layer of 22.5-30 cm depth, the
use of 10 t manure/ha + NPK fertilizer recommended dosage (25 kg N + 25.8 kg P +
16.6 kg K/ha) does not affect saturated hydraulic conductivity and soil bulk density
(Hati et al., 2006).

Table 8. Effect of organic and inorganic fertilizer on bulk density and soil penetration after
Argomulyo soybean varieties harvesting in Gresik dry land

Bulk density  Penetration5 Penetration 15 Penetration 25

Treatment (g/cm?®) cm (t/feet?) cm (t/feet?) cm (t/feet?)
Environment
Without cow manure 1.25 a 35 a 45 a 49 a
5,000 kg cow manure/ha 116 b 13 b 25 b 48 a
Organic and NPK inorganic fertilizer
1. Control (without fertilizer) 1.26 2.8 3.4 5.0
2. ZA 50 ZA kg/ha 1.22 2.7 3.7 4.8
3. SP-18100 kg/ha 1.19 25 4.0 5.0
4. KCI 100 kg/ha 1.18 2.6 35 4.7
5. ZA50 kg + SP-18 100 kg/ha 1.21 2.3 33 4.8
6. ZA50kg + KCI 100 kg/ha 1.23 22 31 5.0
7. SP-18 100 kg + KCI 100 kg/ha 1.23 22 4.1 5.0
8. ZA50 kg+ SP-18 100 kg + KCI 100 kg/ha 1.22 25 3.6 5.0
9.  ZA 50 kg + chicken manure 2500 kg/ha 1.17 2.3 3.3 4.8
10. SP-18 50 kg + chicken manure 2500 kg/ha 1.24 19 3.2 45
11. KCI 50 kg + chicken manure 2500 kg/ha 1.15 2.3 3.5 4.8
12. Chicken manure 2500 kg/ha 1.20 2.3 35 4.6
Average 121 24 35 4.8
LSD 5% ns ns ns ns

ns = not significant based on 5% probability level

The results of measurements in the laboratory showed that application of 5,000 kg
cow manure/ha improves the soil physical properties. The saturated hydraulic
conductivity increased from 1.78 cm/hour to 3.98 cm/hour, while particle density and
soil penetration decreased by 7.8% and 36% (Table 9). Available water is no different.
Similar results were presented by Bandyopadhyay et al. (2010), that the application of
4,000 kg manure + 30 kg N + 26 kg P + 25 kg K/ha reduced soil bulk density by 9.3%
and soil penetration 42.6%, increased hydraulic conductivity 95.8%, aggregate diameter
stable 13.8%, and 45.2% organic-C content compared to the treatment without fertilizer.
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Table 9. Effect of organic and inorganic fertilizer on saturated hydraulic conductivity
(SHC), particle density (PD), penetration depth of 0-10 cm and available soil water after
harvesting Argomulyo soybean varieties in Gresik dry land

Treatment sr:gu(;:)m/ PD (g/em?) Soil F’\?/r:;g';?tlon A\sztlgfl(%/zgm
Environment
Without cow manure 1.78 2.58 360.8 12.7
5,000 kg cow manure/ha 3.98 2.38 228.7 12.3
Organic and NPK inorganic fertilizer
1.  Control (without fertilizer) 2.55 2.50 260.0 125
2. ZA 50 ZA kg/ha 3.45 2.50 227.0 115
3. SP-18 100 kg/ha 2.00 2.45 235.0 14.0
4.  KCI 100 kg/ha 2.05 2.55 215.5 12.0
5. ZA50 kg + SP-18 100 kg/ha 3.00 2.55 240.0 125
6. ZA50 kg + KCI 100 kg/ha 2.60 2.55 330.0 11.0
7. SP-18 100 kg + KCI 100 kg/ha 2.75 2.40 351.0 12.5
8. ZA 50 kg+ SP-18 100 kg + KCI 100 kg/ha 2.95 2.50 340.5 14.0
9.  ZA50 kg + chicken manure 2500 kg/ha 3.55 2.45 352.0 12.5
10. SP-18 50 kg + chicken manure 2500 kg/ha 4.05 2.40 317.0 135
11. KCI 50 kg + chicken manure 2500 kg/ha 2.55 2.45 353.5 115
12. Chicken manure 2500 kg/ha 3.05 2.40 3155 12.0
Average 2.88 2.48 294.8 125

The diversity of combination between NPK inorganic fertilizer and chicken manure
caused variations in soil physical properties. Application of 50 kg SP-18 + 2,500 kg
chicken manure/ha makes the highest saturated hydraulic conductivity (4.05 cm/hour).
The lowest soil particle density (2.4 g/cm®) was found at application 100 kg SP-18 +
100 kg KCl/ha and 2,500 kg chicken manure/ha with or without 100 kg SP-18/ha. The
lowest soil penetration at the depth 0-10 cm (215.5 N/cm?) was found at application
100 kg KCl/ha. The highest water availability (14%) was found at application 100 kg
SP-18/ha or 50 kg ZA + 100 kg SP-18 + 100 kg KCl/ha.

Application of NPK inorganic fertilizers and crop residues play an important role in
improving fertility and maintaining soil quality (Jiang et al., 2008). Application of 10 t
manure/ha + recommended dosage of NPK fertilizer (25 kg N + 25.8 kg P + 16.6 kg
K/ha) increase soybean yield from 0.90 t/ha to 1.83 t/ha (Hati et al., 2006). The increase
in yield is supported by improvements in soil physical properties. The highest RLD
(root length density) to a depth of 30 cm was obtained in the manure + NPK fertilizer
treatment, 31.9% and 70.5% higher than NPK fertilizer and without fertilizer, and
negatively correlated (r=-0,88**) with soil penetration.

Application of manure for 8 years decreases soil bulk density, increases aggregate
diameter, and soil organic-C content (Bhattacharyya et al., 2007). The infiltration rate at
steady state conditions in the NPK + manure treatment was 1.98 cm/hour, without
fertilizer 0.72 cm/hour, and 1.20 cm/hour on NPK fertilization. Soil water sorptivity
with NPK + manure was 1.06 cm/min®® higher than NPK (0.61 cm/min®®). Application
of manure and inorganic fertilizer for long term can increase organic-C and improve soil
physical properties. Bhattacharyya et al. (2008) reported the results for 30 years, that
NPK + manure increased soil water holding capacity, infiltration rate, organic-C,
total-N, P-Olsen, K-dd, C-microbial biomass, and dehydrogenase activity compared to
NPK treatment or without fertilizer. Recommendations for inorganic fertilization are
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incomplete, on the other hand, the provision of manure + NPK fertilizer every year is
necessary for sustainable soil and plant productivity.

Cultivation of crops on dry land without P fertilizer will not be sustainable in the
long term (unsustainable). Fertilization of 15-20 kg P/ha/year is needed to maintain soil
fertility in order to provide available P which is sufficient for plant to produce (Ryan et
al., 2008). Soybean cultivation without the addition of manure and inorganic P-fertilizer
suppressed soil organic-P. The addition of manure and inorganic P-fertilizers stimulated
soil organic-P. Therefore, application of manure and inorganic P-fertilizers is an
effective strategy to improve soil organic-P and provide P-soil in the long term for
sustainable crop production (Reddy et al., 2000).

The dry land used as the research location is intensive agricultural land and the
highest Argomulyo soybean vyield, 2.72 t/ha was obtained by adding 5,000 kg cow
manure + 50 kg ZA + 100 kg SP-18/ha (10.4 kg N + 11.9 kg S + 18 kg P.Os/ha). Fan et
al. (2005) recommend a balance of fertilizers to ensure continued productivity in
intensive cropping patterns. The highest increase in soil organic C, namely
160 mg/hal/year was obtained by adding rice straw + N fertilizer every year + P fertilizer
every two years or by adding manure + N + P fertilizer every year. The addition of
organic matter to the soil in the long term can increase the soil water holding capacity,
which in turn improves water availability for crops and restrains yield losses, reduces
CO. emissions from agricultural land and sustains land productivity. Research by
Manna et al. (2007) on dry land for 30 years showed that soybean yields decreased by
21 kg/halyear in the NP fertilizer treatment and 30 kg/ha/year in the treatment without
fertilizer. However, the continuous use of NPK + manure or NPK + lime can maintain
soybean yields without worsening soil quality.

Soil quality index indicators are available levels of N, K, S, microbial biomass
carbon and hydraulic conductivity. Conventional tillage + legume residue + 90 kg N
fertilizer/ha produced the highest soil quality index (Sharma et al., 2005). Therefore, the
management of yield and quality of dry land for sustainable agriculture requires soil
cultivation with the addition of organic fertilizer residues and N fertilizers. The use of
manure + NPK increases total biomass (Mandal et al., 2009), leaf area index, growth
rate, fuel, contribution renewable energy, net energy output, non-renewable energy
productivity, and higher efficiency in the use of non-renewable energy, resulting in
higher yields, so that soybean yield higher than the use of NPK and control. The
combination of NPK + manure can be a viable nutrient management alternative for
soybean production.

According to Evanylo et al. (2008) the negative effect of use manure on the
environment and ground water can be prevented by estimating the rate of N
mineralization accurately. The increased risk of transporting nutrients by run off due to
increased concentrations of organic-C, N, and P in the run off from compost as a soil
amendment is offset by increased infiltration, porosity, and soil water holding capacity
which can reduce run off volume. Jacobsen et al. (2012) explained that improving plant
productivity on dry land can be done in several ways, namely initial planting with
minimum soil cultivation, increasing the use of organic matter and efficient weed
control, and crop rotation.

Soybean cultivation on dry land with land characteristics such as dry land in Gresik
requires inorganic fertilizers to increase yield by 50% (0.7 t/ha) and a combination of
inorganic fertilizers with organic fertilizers to increase yields by 90% (1.29 t/ha).
According to Anshori et al. (2019) soybean productivity has a positive correlation with
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land quality. Technological improvements from farmers manual such as the use of new
superior varieties, quality seed, drainage channels, regular planting, IPM principles and
2.000 kg organic fertilizer + 100 kg NPK fertilizer/ha and foliar fertilizers can increase
soybean vyields 0.4-0.7 t/ha (33-43%). Residues of applying organic fertilizers,
P-inorganic and inoculation also have a positive impact on subsequent crop productivity
(Rurangwa, 2018).

Information on increasing soybean yields and improving physical, chemical, and
biological soil fertility due to intensification dry land shows that input of organic and
inorganic fertilizers is still needed to increase and maintain soil and soybean
productivity on dry land. However, the low soybean price factor causes farmers not to
be interested in adopting the recommended technology package as a whole. Farmers are
interested in applying some technology components, such as new superior varieties or
regular spacing (Elizabeth and Subartina, 2019). Input of dry land -cultivation
technology through amelioration measures to improve soil quality by utilizing local
resources that are in-situ and prioritized diversification of superior dry land
commodities must be in accorandce with the regional agro-ecosystem conditions, that is
acceptable to the local community and provide added value to farm income (Matheus et
al., 2017).

Conclusion

Application of 5,000 kg cow manure/ha increased 0.21 t/ha (9%) Argomulyo
varieties soybean yield. Application of 100 kg KCl/ha, 50 kg ZA + 100 kg SP-18 +
5,000 kg cow manure/ha, and 50 kg ZA + 2,500 kg chicken manure + 5,000 kg cow
manure/ha increase 0.95-1.38 t soybean yield/ha (50-74%). Application of 5,000 kg cow
manure/ha improve soil physical properties by reducing 7% soil bulk density and 37%
soil penetration, and increasing soil permeability 2.20 cm/hour from 1.78 cm/hour to
3.98 cm/hour. Soybean cultivation of the Argomulyo variety on dry land in Gresik
requires the addition of organic cow manure 5000 kg/ha plus ZA fertilizer 50 kg/ha +
chicken manure 2500 kg/ha or ZA fertilizer 50 kg/ha + SP-18 100 kg/ha + KCI 100
kg/ha to increase yield 0.95 — 1.38 t/ha and improve soil physical fertility. The results of
this study gives the information that the use of organic and inorganic fertilizer is an
alternative technology that needed to maintain and increase the productivity of soybean
and soils in dry land to support sustainable soybean cultivation.

Acknowledgements. The authors thank Salam Agus Rianto and Rofi’i (field technicians); Angesti P,
Mayar, and Ekmi L.Y. (lab technicians) for their efforts and assistance in conducting field research and
analyzing soil, plants, and fertilizers in the ILETRI soil and plant chemistry laboratory.

REFERENCES

[1] Abdurachman, A., Juarsah, 1., Kurnia, U. (2000): Effects of the use of various types and
dosage of manure on productivity of degraded Ultisol in Batin Village, Jambi. —
Proceedings of the National Seminar on Soil Resources, Climate, and Fertilizer, 6-8
December 1999. Lido-Bogor, Indonesia, pp. 303-319. (in Indonesian).

[2] Adie, M. M., Krisnawati, A., Suryati, D. (2019): Characterization of adaptive and
productive soybean (Glycine max L.) genotypes in dry land of Kalimantan, Indonesia. —

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary



Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia

3]

[4]

5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

- 3545 -

The 2" International Conference on Natural Resources and Life Sciences (NRLS), I0OP
Conf. Series: Earth and Environmental Science 293: 012027.

Almaz, M. G., Halim, R. A., Martini, M. Y., Samsuri, A. W. (2017): Integrated
application of poultry manure and chemical fertiliser on soil chemical properties and
nutrient uptake of maize and soybean. — Malaysian Journal of Soil Science 21: 13-28.
ISSN 1394-7990.

Alves, L. A., Ambrosini, V. G., de Oliveira Denardin, L. G., Flores, J. P. M., Martins, A.
P., Filippi, D., Bremm, C., César de Faccio Carvalho, P., Farias, G. D., Ciampitti, I. A.,
Tiecher, T. (2021): Biological N2 fixation by soybeans grown with or without liming on
acid soils in a no-till integrated crop-livestock system. — Soil and Tillage Research 209: 1-
9.

Anshori, A., Srihartanto, E., Riyanto, D. (2019): Productivity of several soybean varieties
on dry land in Kab. Gunung Kidul, DI Yogyakarta. — Research Fair Unisri 3(1): 463-467.
(in Indonesian).

Bandyopadhyay, K. K., Misra, A. K., Ghosh, P. K., Hati, K. M. (2010): Effect of
integrated use of farmyard manure and chemical fertilizers on soil physical properties and
productivity of soybean. — Soil and Tillage Research 110: 115-125.

Barus, J. (2013): Potensi pengembangan dan budidaya kedelai pada lahan suboptimal di
Lampung. — Prosiding Seminar Nasional Lahan Suboptimal, Palembang, 20-21
September 2013. HIm 1-12.

Bhattacharyya, R., Chandra, S., Singh, R. D., Kundu, S., Srivastva, A. K., Gupta, H. S.
(2007): Long-term farmyard manure application effects on properties of a silty clay loam
soil under irrigated wheat—soybean rotation. — Soil and Tillage Research 94: 386-396.
Bhattacharyya, R., Kundu, S., Prakash, V., Gupta, H. S. (2008): Sustainability under
combined application of mineral and organic fertilizers in a rainfed soybean—wheat
system of the Indian Himalayas. — European Journal of Agronomy 28: 33-46.

Ding, J., Jiang, X., Ma, M., Zhou, B., Guan, D., Zhao, B., Zhou, J., Cao, F., Li, L., Li, J.
(2016): Effect of 35 years inorganic fertilizer and manure amendment on structure of
bacterial and archaeal communities in black soil of northeast China. — Applied Soil
Ecology 105: 187-195.

Elisabeth, D. A. A., Suhartina (2019): Farmers response on introduction of soybean
cultivation technology under teak shade. — International Conference on Biology and
Applied Science (ICOBAS) AIP Conf. Proc. 2120, 040013-1-040013-9.

Evanylo, G., Sherony, C., Spargo, J., Starner, D., Brosius, M., Haering, K. (2008): Soil
and water environmental effects of fertilizer, manure, and compost based fertility
practices in an organic vegetable cropping system. — Agriculture, Ecosystems, and
Environment 127: 50-58.

Fan, T., Stewart, B. A., Yong, W., Junjie, L., Guangye, Z. (2005): Long-term fertilization
effects on grain yield, water-use efficiency and soil fertility in the dryland of Loess
Plateau in China. — Agriculture, Ecosystems, and Environment 106: 313-329.

Faozi, K., Yudono, P., Indradewa, D., Maas, A. (2019): Nutrient uptake of N, P, K, and
soybean seed yields (Glycine max L. Merrill) in application bokashi banana stalk to sand
beach soil. — Vegetalika 8(3): 177-191. (in Indonesian).

Getachew, Z., Abera, G., Beyene, S. (2017): Rhizobium inoculation and sulphur fertilizer
improved yield, nutrients uptake and protein quality of soybean (Glysine max L.) varieties
on Nitisols of Assosa area, Western Ethiopia. — African Journal of Plant Science 11(5):
123-132. DOI 10.5897/AJPS2017.1519. http://www.academicjournals.org/AJPS.

Ghosh, P. K., Dayal, D., Mandal, K. G., Wanjari, R. H., Hati, K. M. (2003): Optimization
of fertilizer schedules in fallow and groundnut-based cropping systems and an assessment
of system sustainability. — Field Crops Research 80: 83-98.

Ghosh, S., Wilson, B., Ghoshal, S., Senapati, N., Mandal, B. (2012): Organic
amendments influence soil quality and carbon sequestration in the Indo-Gangetic plains
of India. — Agriculture, Ecosystems, and Environment 156: 134-141.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1016/j.still.2020.104923
https://doi.org/10.1016/j.still.2020.104923
http://dx.doi.org/10.1016/j.apsoil.2016.04.010
http://dx.doi.org/10.1016/j.apsoil.2016.04.010
http://www.academicjournals.org/AJPS

Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia

(18]

[19]
[20]

[21]

[22]

[23]
[24]
[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]
[35]

[36]

- 3546 -

Han, B. (2006): Adaptation test of several soybean varieties (Glycine max (L) Merril) on
site specific dry land agro ecosystems during the June planting season at the Lampineung
Experimental Farm in Nanggroe Aceh Darussalam. — Jurnal Floratek 2: 78-85. (in
Indonesian).

Hanifa, A., Lutojo, L. (2014): Penggunaan pupuk organik berbahan urine sapi terhadap
kualitas kimia tanah di lereng Merapi. — Buana Sains 14(2): 157-163.

Harsono, A. (1999): Location Specific Peanut Cultivation Technology in Tegal and Rice
Fields. — lletri, Malang, Indonesia, 65p. (in Indonesian).

Hati, K. M., Mandal, K. G., Misra, A. K., Ghosh, P. K., Bandyopadhyay, K. K. (2006):
Effect of inorganic fertilizer and farmyard manure on soil physical properties, root
distribution, and water-use effciency of soybean in Vertisols of central India. —
Bioresource Technology 97: 2182-2188.

Hipi, A., Herawati, N., Sulistyawati, Y., Sudarto (2015): Agronomic characteristic and
productivity seven superior varieties of soybean at dry land. — Proceedings of the
National Seminar on the Results of Research on Tuber and Crops in 2014. 5 June 2014.
lletri, Malang, Indonesia, pp. 149-155. (in Indonesian).

letri. (1998): lletri Annual Report on 1997/1998. — Malang, Indonesia, 124p.

letri. (2018): Deskripsi Varietas Terbaru. - Retrieved from
http://balitkabi.litbang.pertanian.go.id/informasi/deskripsi-varietas-terbaru.

lletri. (2021): Gelar Teknologi Budidaya Kedelai di Lahan Kering Beriklim Kering. —
Retrieved from http://balitkabi.litbang.pertanian.go.id/berita/gelar-teknologi-budidaya-
kedelai-di-lahan-kering-beriklim-kering/.

Jacobsen, S. E., Jensen, C. R., Liu, F. (2012): Improving crop production in the arid
Mediterranean climate. — Field Crops Research 128: 34-47.

Jiang, D., Zeng, X., Gao, J., Li, L. (2008): Changes of Organic Matter, N, P and K
Content of Soils in Red Soil Areas Under Long-Term Experiment. — Agricultural
Sciences in China 7(7): 853-859.

Juarsah, 1. (2016): Konservasi tanah mendukung pertanian organik untuk peningkatan
produktivitas lahan. — HIm. 60-67. Prosiding Seminar Nasional Pengembangan Teknologi
Pertanian. Politeknik Negeri Lampung, 8 September 2016. ISBN 978-602-70530-4-5.
Kartina, A. M., Nurmayulis, Fatmawaty, A. A., Firnia, D. (2015): Exploration of the
potential of soil microbes in increasing soybean yield (Glycine max) on dry land. —
Journal Agroekotek 7(2): 121-128. (in Indonesian).

Kasno, A. (2019): Perbaikan tanah untuk meningkatkan efektivitas dan efisiensi
pemupukan berimbang dan produktivitas lahan kering masam. — Jurnal Sumberdaya
Lahan 13(1): 27-40.

Kiuk, Y., Rai, I. N., Kesumadewi, A. A. I. (2019): The effectiveness of indigenous
endomycorrhiza and rhizobium inoculum in increasing nutrient uptake and vyield of
soybean in dry land. — International Journal of Biosciences and Biotechnology 7(1): 18-
30.

Kristiono, A., Purwaningrahayu, R. D., Elisabeth, D. A. A., Wijanarko, A., Taufig, A.
(2020): Kesesuaian varietas, jenis pupuk organik dan pupuk hayati untuk peningkatan
produktivitas kedelai di lahan pasang surut. — Buletin Palawija 18(2): 94-104.
Kuntyastuti, H. (2000): Application of SP-36 and chicken manure in Ultisol and Alfisol
dry land. — Penelitian Pertanian Tanaman Pangan 19(3): 59-65. (in Indonesian).
Kuntyastuti, H., Radjit, B. S. (2000): Efficiency of P, K Fertilizer, and Soil Enhancer in
Dry Land. — Technical Report 1999/2000, lletri, Malang, Indonesia, 15p. (in Indonesian).
Kuntyastuti, H., Santoso, G. W. A. (2001): Potassium and sulfur fertilization of soybeans
in paddy fields and dry land. — Tropika 9(1): 32-44. (in Indonesian).

Kuntyastuti, H., Taufig, A., Heryanto (2003): Application of P, K, S, and manure on
soybean in Alfisol dry land. — Penelitian Pertanian Tanaman Pangan 22(1): 14-22. (in
Indonesian).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary


http://balitkabi.litbang/
file:///C:/Users/USER/Downloads/Retrieved%20from%20http:/balitkabi.litbang.pertanian.go.id/berita/gelar-teknologi-budidaya-kedelai-di-
file:///C:/Users/USER/Downloads/Retrieved%20from%20http:/balitkabi.litbang.pertanian.go.id/berita/gelar-teknologi-budidaya-kedelai-di-
http://balitkabi.litbang.pertanian.go.id/berita/gelar-teknologi-budidaya-kedelai-di-lahan-kering-beriklim-kering/

Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

- 3547 -

Kuntyastuti, H., Taufig, A. (2008): Technology component of soybean cultivation in dry
land. — Buletin Palawija 16: 1-31. (in Indonesian).

Kuntyastuti, H., Wijanarko, A., Purwaningrahayu, R. D., Taufiq, A. (2012): Effect of
organic fertilizer residues and NPK on changes and soil conditions in Ngawi Vertisols in
soybean plants. — Proceedings of the National Seminar on the Results of Research on
Tuber and Crops in 2011. 15 November 2011. Puslitbang Tanaman Pangan, Bogor,
Indonesia, pp. 177-188. (in Indonesian).

Kuntyastuti, H., Sutrisno (2014): Effect of chicken, bagasse, and zeolite manure residues
after six growing seasons on mungbean and soybean in Entisol soil. — Proceedings of the
National Seminar on Organic Agriculture. 28-29 August 2013. Soil Department,
Agricultural Faculty, Gadjah Mada University, Yogyakarta, Indonesia, pp. 156-164. (in
Indonesian).

Liang, Q., Chen, H., Gong, Y., Yang, H., Fan, M., Kuzyakov, Y. (2014): Effects of 15
years of manure and mineral fertilizers on enzyme activities in particle-size fractions in a
North China Plain soil. — European Journal of Soil Biology 60: 112-119.

Liang, C., Zhang, B. (2018): Effect of exogenous calcium on growth, nutrients uptake and
plasma membrane H*-ATPase and Ca*-ATPase activities in soybean (Glycine max)
seedlings under simulated acid rain stress. — Ecotoxicology and Environmental Safety
165: 261-269. https://doi.org/10.1016/j.ecoenv.2018.09.019.

Mandal, K. G., Hati, K. M., Misra, A. K. (2009): Biomass yield and energy analysis of
soybean production in relation to fertilizer-NPK and organic manure. — Biomass and
Bioenergy 33: 1670-1679.

Manna, M. C., Swarup, A., Wanjari, R. H., Mishra, B., Shahi, D. K. (2007): Long-term
fertilization, manure and liming effects on soil organic matter and crop yields. — Soil and
Tillage Research 94: 397-400.

Matheus, R., Basri, M., Rompon, M. S., Neonufa, N. (2017): Dry land agricultural
management strategies to improve food security in East Nusa Tenggara. — Partner 22(2):
529-541. (in Indonesian).

Mustikawati, D. R., Mulyanti, N., Arief, R. W. (2018): Productivity of soybean on
different agroecosystems. — International Journal of Environment, Agriculture and
Biotechnology 3(4): 1154-1159.

Muzaiyanah, S., Kristiono, A., Subandi (2015): The effect of nutrient-rich organic
fertilizers from Santap NM1 and Santap NM2 on the growth and yield of soybean in
Vertisols. — Buletin Palawija 13(1): 74-82. (in Indonesian).

Naini, 1., Minwal, M., Syafrullah, S. (2015): Pengaruh takaran pupuk organik plus
terhadap pertumbuhan dan produksi tanaman kedelai (Glycine max L. Merril) di lahan
lebak. — KLOROFIL 10(2): 63-67. ISSN 2085-9600.

Nofrianil (2019): Response of Anjasmoro soybean variety to the application of compost
made from mol bamboo clumps on suboptimal land. — Journal of Applied Agricultural
Science and Technology 3(1): 29-40. (in Indonesian).

Nurjaya, Kasno, A., Moersidi, S., Santoso, D., Adiningsih, J. S. (1998): Nutrient status of
phosphorus and potassium in Pantura rice fields. — Proceedings No. 14: Meeting for
Discussion and Communication of Soil and Agro-climate Research Results. 10-12
February 1998. Puslittanak. Bogor, Indonesia, pp. 231-250. (In Indonesian).

Permanasasi, I., Irfan, M., Abizar (2014): Soybean growth and yield (Glycine max (L.)
Merill) on application of rhizobium and Urea fertilizer in peat media. — Journal
Agroteknologi 5(1): 29-34. (in Indonesian).

Purba, R. (2016): Response of soybean growth and yield on biological fertilizer in dry
land Pandeglang, Banten. — Jurnal Pengkajian and Pengembangan Teknologi Pertanian
19(3): 253-261. (in Indonesian).

Reddy, D. D., Rao, A. S., Reddy, K. S., Takkar, P. N. (1999): Yield sustainability and
phosphorus utilization in soybean-wheat system on Vertisols in response to integrated use
of manure and fertilizer phosphorus. — Field Crops Research 62: 181-190.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary


https://doi.org/10.1016/j.ecoenv.2018.09.019

Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

- 3548 -

Reddy, D. D., Rao, A. S., Rupa, T. R. (2000): Effect of continuous use of cattle manure
and fertilizer phosphorus on crop yields and soil organic phosphorus in a Vertisol. —
Bioresource Technology 75: 113-118.

Rotaru, V., Toma, S., Bursan, A. (2014): The effects of phosphorus deficiency and
rhizobacteria on phosphorus contents of two soybean (Glycine max L.) cultivars grown at
low water supply. — Scientific Papers. Series A. Agronomy. LVI1:316-321. ISSN 2285-
5785. ISSN CD-ROM 2285-5793. ISSN Online 2285-5807. ISSN-L 2285-5785.
Rurangwa, E., Vanlauwe, B., Giller, K. E. (2018): Benefits of inoculation, P fertilizer and
manure on yields of common bean and soybean also increase yield of subsequent maize.
— Agriculture, Ecosystems and Environment 261: 219-229.

Ryan, J., lIbrikci, H., Singh, M., Matar, A., Masri, S., Rashid, A., Pala, P. (2008):
Response to residual and currently applied phosphorus in dry land cereal/legume rotations
in three Syrian Mediterranean agroecosystems. — European Journal of Agronomy 28:
126-137.

Sabilu, Y., Damhuri, Imran (2015): N, P, and K levels of soybean (Glycine max (L.)
Merril) applied by Azotobacter sp., Mycorrhizae, and organic fertilizer. — Biowallacea
2(1): 153-161. (In Indonesian).

Saha, S., Prakash, V., Kundu, S., Kumar, N., Mina, B. L. (2008): Soil enzymatic activity
as affected by long term application of farm yard manure and mineral fertilizer under a
rainfed soybean—wheat system in N-W Himalaya. — European Journal of Soil Biology 44:
309-315.

Sarawa, O., Gushawaty, H. S., Sartika (2014): Efek residu pupuk kandang dan
trichoderma terhadap pertumbuhan dan produksi tanaman kedelai (Glycine max L.). —
AGRIPLUS 24(02): 169-176. ISSN 0854-0128.

Sari, M. N., Sudarsono, Darmawan (2017): Pengaruh bahan organik terhadap
ketersediaan fosfor pada tanah-tanah kaya Al dan Fe. — Buletin Tanah dan Lahan 1(1):
65-71.

Setiawati, M. R., Sofyan, E. T., Nurbaity, A., Suryatmana, P., Marihot, G. P. (2017):
Pengaruh aplikasi pupuk hayati, vermikompos dan pupuk anorganik terhadap kandungan
N, populasi Azotobacter sp. dan hasil kedelai edamame (Glycine max (L.) Merill) pada
Inceptisols Jatinangor. — Agrologia 6(1): 1-10.

Sharma, K. L., Mandal, U. K., Srinivas, K., Vittal, K. P. R., Mandal, B., Grace, J. K.,
Ramesh, V. (2005): Long-term soil management effects on crop yields and soil quality in
a dryland Alfisol. — Soil and Tillage Research 83: 246-259.

Sitawati, R., Turmuktini, T., Kurniawan, A. (2020): Paket inovasi bahan organik untuk
efisiensi pupuk anorganik (NPK) peningkatan pertumbuhan dan hasil beberapa genotipe
kedelai hitan (Glycine max L. Merrill). — Agroscience 10(2): 160-168. ISSN Cetak: 1979-
4681. e-ISSN: 2579-7891.

Somantri, R. U., Syahri, Thamrin, T. (2019): Potential yields of several new high yielding
varieties (VUB) of soybeans in dry land South Sumatera. — Proceedings of the
Suboptimal Land National Seminar 2018: Challenges and Solutions for the Development
of Pajale and Second Generation Palm Oil (Replanting) on Suboptimal Lands. 18-19
October 2018. Unsri, Palembang, Indonesia, pp. 473-481. (in Indonesian).

Susilawati, M., Budhisurya, E., Anggono, R. C. W., Simanjuntak, B. H. (2013): Analisis
kesuburan tanah dengan indokator mikroorganisme tanah pada berbagai sistem
penggunaan lahan di plateu Dieng. — AGRIC. 25(1): 64-72.

Taufig, A. (2001): Evaluation of Alfisol viability and increase in productivity for peanuts.
— llmu Pertanian 8(1): 16-25. (in Indonesian).

Verde, B. S., Danga, B. O., Mugwe, J. N. (2013): Effects of manure, lime and mineral P
fertilizer on soybean yields and soil fertility in a humic nitisol in the Central Highlands of
Kenya. — International Journal of Agricultural Science Research 2(9): 283-291. ISSN
2327-3321. Available online at http://academeresearchjournals.org/journal/ijasr.
Academe Research Journals.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary


http://academeresearchjournals.org/journal/ijasr

Kuntyastuti et al.: Effect of organic and inorganic fertilizers on soybean (Glycine max L.) grain yield in dry land of Indonesia

[68]

[69]

[70]

[71]

[72]

[73]

- 3549 -

Vishwanath, Kumar, S., Purakayastha, T. J., Datta, S. P., Rosin, K. G., Mahapatra, P.,
Sinha, S. K., Yadav, S. P. (2020): Impact of forty-seven years of long-term fertilization
and liming on soil health, yield of soybean and wheat in an acidic Alfisol. — Archives of
Agronomy and Soil Science. DOI 10.1080/03650340.2020.1843023.

Wahab, A., Adnan, A. M., Sarjoni, Karimuna, S. R. (2019): Soybean fertilizer package
for dry land in South Konawe, Southeast Sulawesi. — Penelitian Pertanian Tanaman
Pangan 3(1): 32-34. (In Indonesian).

Wahyudin, A., Wicaksono, F. Y., Irwan, A. W., Ruminta, Fitriani, R. (2017): Response
of Wilis soybean (Glycine max) due to the application of various doses of N, P, K, and
guano fertilizer to the Inceptisol Jatinangor soil. — Jurnal Kultivasi 16(2): 333-339. (In
Indonesian).

Widiastuti, E., Latifah, E. (2016): Keragaan Pertumbuhan dan Biomassa Varietas Kedelai
(Glycine max (L)) di Lahan Sawah dengan Aplikasi Pupuk Organik Cair. — Jurnal Iimu
Pertanian Indonesia (JIPI) 21(2): 90-97. ISSN 0853-4217.
http://journal.ipb.ac.id/index.php/JIP1. EISSN 2443-3462. DOI: 10.18343/jipi.21.2.90.
Wijanarko, A., Taufig, A., Harnowo, D. (2016): Effect of liming, manure, and NPK
fertilizer application on growth and yield performance of soybean in swamp land. —
Journal of degraded and mining lands management 3(2): 527-533. ISSN:2339-076X.
DOI:10.15243/jdmIm.2016.032.527.

Yuniarti, A., Damayan, M., Mustika Nur, D. (2019): Efek pupuk organik dan pupuk NKP
terhadap C-organik, N-total, C/N, serta hasil padi hitam pada Inceptisols. — Jurnal
Pertanian Presisi 3(2): 90-105. https://doi.org/10.35760/jpp.2019.v3i2.2205.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(4):3531-3549.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2004_35313549
© 2022, ALOKI Kft., Budapest, Hungary


http://journal.ipb.ac.id/index.php/JIPI

