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ROCK PHOSPHATE, ZEOLITE AND QUAIL
MANURE TO ENHANCE POTASSIUM UPTAKE
AND YIELD OF SOYBEAN ON ALFISOLS

ABSTRACT

Soybean seeds are the source of vegetable protein-based that most consumed in Indonesia, but
apparently the production is unable to compensate the rate of increase in community needs. This
study aims to determine the effect of Rock Phosphate (RP), zeolite and quail manure to enhance
potassium (K) uptake and yield of soybean in Alfisols. A field experiment was conducted in June-
October with a single factor Randomized Complete Block Design (RCBD) consisting of 9
treatments and 3 blocks (replicates). The dosage of RP, zeolite and quail manure used was O t
ha™, 2.5 t ha'and 5 t ha™. The results showed that zeolite 5 t ha® + quail manure 2.5 t ha™
tended to increase K uptake. The combination of RP 2.5 t ha™+ quail manure 5 t ha™
significantly increases the number of filled pods and seed weight per plot. RP 5 t ha™ + zeolite 5 t
ha™+ quail manure 5 t ha™ also affects the number of filled pods and seed weight per plot. The
treatment zeolite 2.5 t ha™+ quail manure 2.5 t ha™also affects the number of filled pods.
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1. INTRODUCTION

Soybean seeds are the source of
vegetable protein-based that most consumed in
Indonesia. Soybean seed needs continue to
increase along with increasing population
growth, per capita income, and public
awareness of food nutrition. National soybean
production fell 7.06% from 963.18 tons in 2015
to 887.54 tons in 2016 [1]. The average
soybeans consumption per year in Indonesia is
2.2 million tons, but ironically, 67.99% of
soybean needs are obtained from imports [2].
Therefore there is a need to increase soybean
production in order to meet the needs and
overcome import dependence.

Land expansion by utilizing the potential of
suboptimal lands such as Alfisol need to
increase soybean production. Alfisol is a
potential soil for agriculture, but there are still
obstacles that need to be considered in its
management [3]. Alfisols have acidic pH due to
high Al and Fe reduction and low cation
exchange capacity (CEC). In addition, Alfisol
has low levels of organic matter and low
macronutrient content such as potassium [4].

Potassium (K) is an essential nutrients
needed in large quantities for plant growth. The
content of K in the soil is quite high, but plants
can only absorb 1-2% of the total K soil [5].
Potassium plays a various role in physiological
processes in plants such as photosynthesis,

protein synthesis, and enzyme activator [6]. The
K element also helps increasing plant resistance
of pests, diseases, and drought stress.
Adequate availability and uptake of K increases
plant growth and yield, as well as the quality of
crop yields [7].

Rock phosphate (RP), zeolite and qualil
manure is expected to increase the K availability
and uptake so that soybean production
increases. RP contains a group of phosphorus
oxides [Ca3 (PO4) 3F2]. The Ca+ in rock
phosphate has a base effect so that the soil pH
increases. Zeolite is an aluminosilicate crystal
mineral that has the ability as an ion absorber
and exchanger and pH buffer [8]. Zeolite has
high CEC and naturally contain K. Zeolite is
negatively charged that can absorb K ions and
prevent K from washing.

Quail manure has the potential to be used
as a source of organic material because its
availability is abundant and not yet widely used.
Adding organic manure as a source of organic
material can increase total N, available P, Ca,
and K, and increase land productivity [9].
Organic manure in the study [10] was able to
increase soil fertility, nutrient uptake, plant
height, plant dry weight, number of pods per
plant, and dry weight of soybean. This study
aims to determine the effect of RP, zeolite, and
quail manure on K uptake and soybean seed
yield on Alfisol.



2. MATERIALS AND METHODS
2.1 Study Area

The filed experiment was carried out on
Alfisol land in Soko, Sukosari Village,
Jumantono Subdistrict, Karanganyar, Surakarta,
Indonesia in July-October 2018. The research
location was at an altitude of 180 meters above
sea level with coordinates 7°37'41"S and
110°57'7"E. Laboratory analysis was carried out
at the Laboratory of Chemical and Soil Fertility,
Faculty of Agriculture, Universitas Sebelas
Maret, Surakarta. The materials used in the
study were soybean DEGA 1, rock phosphate,
zeolite, and quail manure. The tools used
include spectrophotometers, flamefotometers,
analytical scales, and ovens.

2.2 Experimental Design

The experimental design used was a single
factor Complete Randomized Block Design
(RAKL) consisting of 9 treatments with 3 block
(replicates), so there were 27 experimental
units. Treatments include:PO: Control, P1:RP
2.5t ha™™+ quail manure 5 t ha™, P2: zeolite 2,5 t
ha™ + quail manure 5t ha™, P3: RP 2,5tha™ +
zeolite 2,5t ha™+ quail manure 5tha™, P4: RP
2,5 t ha™+ quail manure 2,5 t ha™, P5: zeolite
2,5t ha™+ quail manure 2,5tha™, P6: RP 5t
ha™+ quail manure 2,5 t ha™, P7: zeolite 5tha™
+ quail manure 2,5 t ha*, P8: RP 5t ha' +
zeolite 5tha™ + quail manure 5tha™.

2.3 Crop Management

The experimental field was divided into 3
equal blocks (replicates) with an inter-block
spacing of 40 cm. Each block divided into 9
equal plots (1.7 m x 3 m) with interplot spacing
of 20 cm, giving a total of 27 lots. Laboratory
analysis was conducted to determine the
characteristic of RP, zeolite, quail manure, initial
soil, and post-harvest soil. Soil samples from
each plot were taken before the application of
treatment and planting. Application of RP,
zeolite, and manure according to predetermined
treatment. Soybean seed was planted directly
into planting hole with a plant spacing of 25 cm
X 25 cm, so there were 84 planting holes. Plant
maintenance includes replanting, watering as
well as control of weed, pests and diseases. At
the flowering stage, (4 weeks after planting) K
tissue and K uptake were measured. Soybean
harvesting was carried out at 70 days after

planting. Post-harvest soil samples were
collected from each plot to measured soil pH,
organic matter, CEC and available K. Soybean
growth and vyield variables was observed i.e.
plant height, dry matter, tissue K, K uptake,
number of filled pods and seed weight per plot.

2.4 Statistical Analysis

All the collected data were subjected to
analysis of variance (ANOVA) using SPSS
statistics package. Significant ANOVA results
were tested further using the Duncan Multiple
Range Test (DMRT) at 5%.

3. RESULT AND DISCUSSION
3.1 Initial Soil Condition

Alfisols on the experimental field had low
soil fertility with 1.65% organic C (low), 2.85%
organic matter (medium) and pH 4.9 (acid). Rao
and Reddy [11] state that soil conditions with
pH <6 will inhibit soybean growth because soll
pH affects solubility and nutrient availability [12].
Soil with low pH will have a relatively low CEC,
because more H+ ions are attached to colloids
and cause soil cations to be pushed into the soil
solution. This condition, as reported by Sudadi
et al. [13] in their study that Alfisols had low
CEC (5.7 me/100g) and very low available K
(0.33 me/100g). Application of RP, zeolite and
quail manure is needed to improve the soil
condition in providing and increasing nutrient
uptake to support optimal plant growth and
yield.

3.2 Characteristic of RP, zeolite dan quail
manure

Rock phosphate, zeolite and quail manure
had a pH of 7.9-8.3 (moderately alkaline) and
expected to improve the soil conditions of the
experiment field which has low pH. Qualil
manure has a N content of 1.32%, P 4.54%, K
1.51%, and C-org 17.56% with C / N 13.31 [14].
RP is slow realese phosphate source, and
manure contains organic acids that can
increase the solubility of RP [15]. Zeolite with
CEC 128.6 me / 100g meet the Indonesian
National Standar of zeolite quality requirements.
Chmielewska and Lesny [16] state that zeolite
have pores that contain cations and channels
that are broad in their structure, so that CEC is
important parameter to determining the quality
of zeolite.



Tabel 1. Effect of rock phosphate, zeolite and quail manure on soil pH, organic matter, cation

exchange capacity and available K

Treatment pH Organic matter  Cation Exchange Capacity Available K

(%) (me/100g) (me/100g)
PO 6.4a 2.86a 41.79a 0.87a
P1 6.8b 3.06a 47.23a 1.00a
P2 6.5a 2.67a 48.07a 0.78a
P3 6.8b 3.58a 45.06a 0.82a
P4 6.7b 2.59a 50.18a 0.62a
P5 6.3a 3.20a 45.04a 1.09a
P6 6.9b 3.37a 43.96a 1.10a
P7 6.4a 3.24a 45.36a 1.36a
P8 6.8b 3.17a 40.26a 0.86a

The numbers followed by the same letters show no significant difference in the DMRT 5%

3.3 Soil pH

Soil pH is a characteristic that describes
the amount of H + ion concentration in the soil.
Application of RP, zeolite and quail manure
significantly increase the soil pH (p=0.00).
Combination of RP 2.5 t ha-1 + quail manure 5
tha™, RP 2.5t ha™ + zeolite2.5 t ha-1 + quail
manure 5t ha™, RP 2.5 t ha™+ quail manure
25tha™, RP 5tha’+ quail manure 2.5 t ha™
and RP+zeolite+manure each t ha’ gave
better results than the control treatment, while
other treatments showed the same results with
the control treatment.

The pH value in various treatments were
compared with the initial soil pH (4.9) has
increased. The increase in pH occurs due to
the RP, zeolite and quail manure given to the
soil have a higher pH of 7.9-8.3 (moderately
alkaline). Quail manure releases organic
compounds in the form of organic acids that
are able to bind H+ ions so that the soil pH
increases. Appropriate soil pH will increase
nutrient availability, growth and yield of plants
[12].

Treatment with the addition of RP gives
an increase in pH higher than treatment
without RP. RP is slow realese and has a Ca
content that has an alkaline effect. Acidic initial
soil conditions tend to accelerate the solubility
of RP [17], which has implications for
increasing pH.

3.4 Organic Matter

Statistical analysis showed that RP,
zeolite and quail manure did not affect soil
organic matter. Combination of Rp 2.5 t ha™ +
quail manure 2.5t ha™ has the lowest organic
matter content (2.59%). Treatment of RP 2.5 t
ha™+ quail manure 5t ha™ + zeolite 2.5 t ha™
tends to increase organic matter better than

other treatments with organic matter content
3.58%.

RP+zeolitet+quail manure each 5 t ha™
only increases the organic matter 11.07%,
while the combination of RP 2.5 t ha™ + zeolite
25 t ha' + quail manure 5 t ha™ tends to
increase soil organic matter 25.41% compared
to treatment control. Zeolite is able to influence
soil aggregate stability [18]. Soils with stable
aggregates have the ability to infiltrate water
and high nutrient retention. Zhang et al. [19]
stated that manure also increases soll
aggregation which physically protects soil
organic  matter from degradation by
microorganisms and exoenzymes.

3.5 Cation Exchange Capacity (CEC)

Cation Exchange rtCapacity (CEC) is the
ability of the soil to bind and exchange cations.
Analysis results showed that the application of
RP, zeolite and quail manure did not affect the
soil CEC. Table 1. shows that overall soil CEC
tends to increase compared to initial soil
condition. Soils with high CEC are able to
absorb and provide nutrients better than low
CEC. Figure 1 shows a combination of Rp. 2.5
t ha’ + quail manure 2.5 t ha® tends to
increase CEC 20.08% compared to control
treatment. RP is a rock with hight content of
phosphate (P). Yuniarti et al. [20] reported that
the administration of P and organic matter to
the soil contributed to adding negative charges
to the soil causing CEC to increase.

3.6 Available K

Potassium (K) is a macro essential
nutrient that highly mobile and is need in large
guantities for plant growth. K availability in the
soil determines the amount of K that can be
absorbed by plants [21]. Application of RP,
zeolite and quail manure did not effect the K



availability in the soil (Table 1.). Combination
of zeolite 5 t ha™ + quail manure 2.5 t ha™
tended to increase K available 56.18%
compared to the control treatment. Manure as
a source of organic matter contains humus
which can increase the release of K elements
and determine the dynamic balance status of
potassium in the soil [22]. Organic matter can
increase the ability to hold water so that soil

moisture is maintained. Soil under humid
conditions will affect the release mechanism of
K which is absorbed to become available to
plants. Zeolite can increase K availability due
to the capability of zeolite to absorb K+ from
soil solution and prevent K+ from leaching.
Zeolite also contain basic cations such as K
and Ca, as well as macro elements that can be
added to the soil as a plant nutrient [23].

Table 2. Effect of rock phosphate, zeolite and quail manure on K uptake, plant height and dry

matter
Treatment K Uptake (mg/plant) Plant Height (cm) Dry Weight (gram)
PO 155.98a 21.33a 4.66a
P1 419.80a 27.95b 12.76a
P2 370.92a 25.97b 8.25a
P3 379.53a 26.97b 9.17a
P4 385.08a 25.87b 9.37a
P5 503.55a 25.41ab 10.36a
P6 505.67a 25.26ab 12.04a
P7 509.83a 25.13ab 11.40a
P8 375.85a 25.07ab 10.22a

The numbers followed by the same letters show no significant difference in the DMRT 5%

3.7 K Uptake

Potassium (K) absorbed by plants in the
form of exchangeable K and K+ ions in the soil
solution. RP, zeolite, and quail manure
application tended to increase K uptake
compared to the control treatment which had a
K uptake of 155.98 mg/plant. The highest K
uptake was found in the treatment of zeolite 5 t
ha® + quail manure 2.5 t ha’ which was
509.83 mg/plant. Zeolite naturally contains K
and increases K availability in the soil and
prevents K from leaching [24]. As reported by
Rabai et al. [25] that zeolite increases the
concentration and uptake of K as well as the
nutrient use efficiency of K elements by plants.

Treatment with quail manure 2.5 t ha™
tended to give higher K uptake than 5 t ha™.
Quail manure contain organic material that
capable to realese K nutrients into the soil
solution. However, excessive application of
manure can result in leaching up soil cations
such as K, Ca and Mg which cause decreased
of CEC and soil pH [26], those condition can
inhibit nutrient absorption by plant roots

3.8 Plant Height

Plant height is one of the plant growth
indicator and its irreversible. Table 2. showed
that RP, zeolite and quail manure were
significantly increase the plant height
(p=0,006). The RP 2.5t ha™ + quail manure 5t

ha™; zeolite 2.5 t ha™ + quail manure 5t ha™;
RP 2.5tha™ + zeolite 2.5 t ha™ + quail manure
5tha™; and RP 2.5t ha™ + quail manure 2.5 t
ha™ significantly increases plant height. Other
treatments have similar effect with control
treatment.

Plant height in each treatment has
increased every week, and application of RP,
zeolite and quail manure was able to increase
plant height 21.29-31% compared to control
treatment. RP contains P elements which
essential in the formation of root nodules in
legume plants. Zeolite can increase the water
holding capacity due to its physical properties,
so it can improve soil structure and increase
macro and micro pores in the soil [27]. Manure
as organic material supply plant nutrients that
stimulate root growth [28]. A proper root
system will promote nutrient absorption and
optimal plant growth.

3.9 Dry Matter

Dry weight determined the amount of
assimilates that translocated to plant organs
as the result of metabolic processes in the
form of photosynthesis, nutrient absorption
and water. The amount of assimilate produced
during growth is related to the rate of
photosynthesis [29]. The control treatment had
the lowest dry weight of 4.66gram.
Combination of RP 2.5 t ha™ + quail manure 5



t ha’ tended to give the highest result
compared to other treatments. Wang et al. [30]
stated that potassium plays an important role
in water retention in plant tissues, as well as
cell turgor during the opening and closing of
stomata. Potassium in the mechanism of
opening and cloosing of stomata related to
plant physiology processes, especially CO,
fixation which will produce assimilates to meet
plant needs for proper gowth.

80 1

Dry weight was positively correlated with
K uptake (r = 0.808; p = 0,000). Accumulation
of photosynthate during plant growth related to
the rate of photosynthesis, and potassium
plays an important role in these process.
Wang et al. [30] stated that adequate of K
availability and K uptake will increase the total
accumulation of plant dry weight.
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Figure 2. Effect of rock phosphate, zeolite and quail manure on seed weight per plot

3.10 Number of Seed per Pods

Number of seed per pods was
significantly increase due to the application of
RP, zeolite and quail manure. The treatments
with significant effect were RP 2.5 t ha™ + quail
manure 5t ha™; RP 5 t ha™ + quail manure 2.5
tha™; and RP 5t ha' + zeolite 5 t ha™ + quail
manure 5 t ha™. The increase in the number of
pods of these treatments were 80.41-115.46%
compared to the control treatment. Other
treatments showed similar result, except the
zeolite 2.5 t ha™ + quail manure 5t ha™ which
showed the same effect as the control
treatment.

RP as a source of phosphate (P) was
increases the soil pH (table 1.) and its also
effect the availability of P in the soil. Legumes
use P for the formation of pods and seed filling

during the generative phase. The absorbed P
is translocated from the roots and leaves to
the seed [31]. The P and K elements are
needed in hight amount for proper plant growth
and development. Fageria and Oliveira [32]
found that the combination of both P and K
gave a large increase in plant production
compared to the effects of each individual
element. These interactions indicate a synergy
between P and K [33].

The number of filed pods positively
correlated with dry weight (r = 0.835; p =
0,000). Sabilu et al. [34] stated that
photosynthate in the generative phase widely
used for the process of pods formation and
seed filling.

3.11  Seed Weight per Plot



The combination of RP 2.5 t ha™ + quail
manure 5t ha™ and RP 5t ha™ +zeolite 5 t ha™
+ quail manure 5 t ha™ significantly increases
the seed weight per plot. Other treatments
showed the similar effect with the control
treatment. Seed weight per plot correlates with
the number of filled pods (r = 0.921, p =
0,000). Manure does not only contain macro
and micro nutrients needed by plants, but also
produces derivative products in the form of
humic acid [35] . Mindari et al. [36] mentioned
that humic acid can increase K uptake so that
it can trigger ion transport and assimilation of
carbohydrates and affected the increase of
plany yield.

4. CONCLUSSION

Rock phosphate , zeolite and qualil
manure is needed to increase K uptake and
soybean yield in Alfisol. RP, zeolite and quail
manure tend to increase potasium uptake .
Potassium plays an important role in
photosynthesis and translocation of
photosinthate to support plant growth and
production. The combination of RP 2.5 t ha™
and quail manure 5 t ha™ gave the highest
yield on soybean yield variables compared to
other treatments, and significantly increased
the number of filled pods and seed weight per
plot

REFERENCES

1. BPS [Biro Pusat Statistik]. 2016. Data
Produksi Kedelai Nasional. Badan pusat
statistik republik indonesia. Jakarta.

2. KEMENTAN [Kementerian Pertanian].
2016. Outlook komoditas pertanian
tanaman pangan: kedelai. Kementerian

Pertanian Repubik Indonesia. Jakarta

3. Prasetyo A, Listyorini E, Utomo WH. 2014.
Hubungan sifat fisik tanah, perakaran dan
hasil ubi kayu tahun kedua pada Alfisol
Jatikerto akibat pemberian pupuk organik
dan anorganik. J Tanah dan Sumberdaya
Lahan 1(1): 27-37.

4. Chinnadurai C, Gopalaswamy G,
Balachandar D. 2014. Impact of long-term
organic and inorganic nutrient
managements on the biological properties
and eubacterial community diversity of the
Indian semi-arid Alfisol. J Archives of
Agronomy and Soil Science, 60(4): 531-
548.

5. Munawar A. 2011. Kesuburan tanah dan
nutrisi tanaman. IPB Press: Bogor

6. Amtmann A, Rubio F. 2012. Potassium in
Plants. In: eLS. John Wiley & Sons Ltd,
Chichester. http://www.els.net.
doi:10.1002/97804 70015902.a0023737

10.

11.

12.

13.

14.

15.

16.

17.

18.

Zorb C, Senbayram M, Peiter E. 2014.
Potassium in agriculture: status and
perspectives. J Plant Physiol. 171(9): 656-
69.doi: 10.1016/}.jplph.2013.08.008.

Sabilu Y. 2016. Aplikasi  zeolit
meningkatkan hasil tanaman pada tanah
ultisol. J Biowallacea 3(2): 396-407.

Akter F, Rahman M, Alam A. 2019. Soil
chemical properties as influenced by long
term manuring and nitrogen fertilization in
Bangladesh. Asian Journal of Soil Science
and Plant Nutrition. 4(4): 1-9.
doi:10.9734/AJSSPN/2019/v4i430049
Sudarsono WA, Melati M, Aziz SA. 2013.
Pertumbuhan, serapan hara dan hasil
kedelai organik melalui aplikasi pupuk
kandang sapi. J Agron. Indonesia 41 (3) :
202 — 208

Rao AS, Reddy KS. 2010. Nutrient
management in soybean. In: Singh G (ed)
The soybean: botany, production and
uses.London: CABI.

Zhao J, Dong Y, Xie X, et al. 2011. Effect
of annual variation in soil pH on available

soil nutrients in pear orchards. Acta
Ecologica  Sinica, 31(4): 212-216.
doi:10.1016/j.chnaes.2011.04.001

Sudadi, Sumarno, Handi W, 2012.

Pengaruh pupuk organik berbasis azolla,
fosfat alam dan abu sekam terhadap hasil
padi dan sifat kimia tanah alfisol. Sains
Tanah 11(2): 77-84. doi:
10.15608/stjssa.v11i2.223

Alvernia P, Minardi S, Suntoro. 2017.
Zeolite and organic fertilizer application to
the improvement of available P and
soybean (Glycine max ) seed yield in

Alfisols. J of Soil Science and
Agroclimatology 14 (2): 84-90.
Ditta A, Muhammad J- Imtiaz M et al.

2018. Application of rock phosphate
enriched composts increases nodulation,
growth and yield of chickpea. International
Journal of Recycling of Organic Waste in
Agriculture 7 :33-40.
doi.org/10.1007/s40093-017-0187-1
Chmielewska E, Lesny J. 2012. Selective
ion exchange onto Slovakian natural
zeolite in aqueous solutions. Journal of
Radioanalytical and Nuclear Chemistry,
293(2): 535-543.

Wahba MM, Bahna FL, Amal MA. 2018.
Improving the availability of phosphorus
from rock phosphate in calcareous soils by
natural materials. Bioscience Research
15(3):1796-1804.

Aminiyan MM, Safari AA, Sheklabadi SM.
2015. Aggregation stability and organic
carbon fraction in a soil amended with
some plant residues, nanozeolite, and



https://www.ncbi.nlm.nih.gov/pubmed/24140002

19.

20.

21.

22.

23.

24.

25.

26.

natural zeolite. Int J Recycl Org Waste
Agricult (2015) 4:11-22. doi:
10.1007/s40093-014-0080-0

Zhang H, Ding W, Yu H, et al. 2015.
Linking organic carbon accumulation to
microbial community dynamics in a sandy
loam soil: result of 20 years compost and
inorganic fertilizers repeated application
experiment Biol Fertil Soils 51(2): 137.
doi.org/10.1007/s00374-014-0957-0
Yuniarti A, Arifin M, Sofyan ET, et al. 2018.
The effect of Sinabung volcanic ash and
rock phosphate nanoparticle on CEC
(cation exchange capacity) base saturation
exchange (K, Na, Ca, Mg) and base
saturation at Andisol soils Ciater, West
Java. AIP Conference Proceedings.
doi.org/10.1063/1.5021196

Kas M, Muihlbachova G, Kusa H, t al
2016. Soil phosphorus and potassium
availability in long-term field experiments
with organic and mineral fertilization. J.
Plant Soil Environ. 62(12): 558-565. doi:
10.17221/534/2016-PSE

He W dan Chen F. 2013. Evaluating status
change of soil potassium from path model.
PLoS ONE 8(10):1-15.
doi:10.1371/journal.pone.0076712
Abdillah A, Syamsiyah J, Riyanto D et al.
2011. Pengaruh pupuk zeolit dan kalium
terhadap ketersediaan dan serapan K di
lahan  berpasir pantai  Kulonprogo,
Yogyakarta. Bonorowo Wetlands 1 (1): 1-
7.

Moraetisa D, Papagiannidou S, Pratikakis
A. 2015. Effect of zeolite application on
potassium release in sandy soils amended
with municipal compost. Desalination and
Water Treatment 57(28):1-12. doi:
10.1080/19443994.2015.1065440

Rabai KA, Ahmed OH, Kasim S. 2013.
Use of formulated nitrogen, phosphorus,
and potassium compound fertilizer using
clinoptilolite zeolite in maize (Zea mays L.)
cultivation. Emir. J. Food Agric. 2013. 25
(9): 713-722. doi:
10.9755/ejfa.v25i9.14541

Han SH, Ji YN, Hwang J, Kim SB, Park
BB. 2016. The effects of organic manure
and chemical fertilizer on the growth and
nutrient concentrations of yellow poplar
(Liriodendron tulipifera Lin.) in a nursery
system. J Forest Science and Technology.
12(3): 137-143. doi:
10.1080/21580103.2015.1135827

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Juarsah |. 2016. Pemanfaatan zeolit dan
dolomit sebagai pembenah  untuk
meningkatkan efisiensi pemupukan pada
lahan sawah. J Agro 3(1):10-19

Ditta A, Arshad M, Zahir ZA et al. 2015.
Comparative efcacy of rock phosphate
enriched organic fertilizer vs. Mineral
phosphatic fertilizer for nodulation, growth
and vyield of lentil. Inter J Agric Bio.17 (3):
589-595. doi: 10.17957/1JAB/17.3.14.954.
Wahono E , lzzati M, Parman S. 2018.
Interaksi antara tingkat ketersediaan air
dan varietas terhadap kandungan prolin
serta pertumbuhan tanaman kedelai
(Glycine max L. Merr). Buletin Anatomi
dan Fisiologi 3(1): 11-19

Wang M, Zheng Q, Shen Q, et al. 2013.
The critical role of potassium in plant
stress response. Int. J. Mol. Sci. 14: 7370-
7390; doi:10.3390/ijms14047370

Taliman NA, Dong Q, Echigo K, et al.
2019. Effect of phosphorus fertilization on
the growth, photosynthesis, nitrogen
fixation, mineral accumulation, seed yield,
and seed quality of a soybean low-phytate
line. Plants 2019, 8:1-13.
doi:10.3390/plants8050119

Fageria NK, Oliveira JP. 2014. Nitrogen,
phosphorus and potassium interactions in
upland rice. Journal of Plant Nutrition 37
(10):1586-600

Rietra RPJJ, Heinen M, Dimkpa CO, t al.
2017. Effects of nutrient antagonism and
synergism on vyield and fertilizer use
efficiency. Communications in Soil Science
and Plant Analysis, 48(16): 1895-1920,
doi:10.1080/00103624.2017.1407429
Sabilu Y, Damhuri, Imran. 2015. Kadar N,
P, dan K kedelai (Glycine max (L) Merril)
yang diaplikasi Azotobacter sp., mikoriza
dan pupuk organik. Biowallacea, 2 (1):
153-161

Murmu K, Swain DK, Ghosh BC. 2013.
Comparative assessment of conventional
and organic nutrient management on crop
growth and yield and soil fertility in tomato-
sweet corn production system. Aust J Crop
Sci. 7(11):1617-1626.

Mindari W, Aini N, Kusuma Z , et al. 2014.
Effects of humic acid-based buffer + cation
on chemical characteristics of saline soils
and maize growth. Journal Of Degraded
And Mining Lands Management. 2(1): 259-
268. doi:10.15243/jdmIim.2014.021.259




