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ABSTRACT

Ultisol soil has a low organic matter content, CEC, and pH, causing an insufficient buffering capacity for N
nutrients, especially NH

4
+. The objective of this study was to determine the effect of tillage and fertilization on the

quantity and intensity (Q/I) of Ammonium (CR
NH4

0, PBC
NH4

+, NH
4
0, K

G
) in the soil, plant N and C uptake, and mung

bean yields at the sixth growing season in ultisols. This study was arranged in a 2 × 2 factorial in a Randomized
Block Design (RBD). The first factor was the tillage system (T), namely minimum tillage (T0) and intensive tillage
(T1). The second factor was the fertilization (P), namely without fertilizer application (P0), and with fertilizer appli-
cation (NPK 200 kg ha-1 + 1 Mg ha-1 chicken manure) (P1). Each treatment was replicated four times. The results
showed that the application of NPK fertilizer significantly affected the mung bean yield, mung bean plant Nitrogen
and Carbon uptake at harvest time. While, the intensive tillage had a very significant effect on increasing the N
uptake compared to the minimum tillage. Minimum tillage and fertilization increased Q/I parameters (PBC

NH4
+, KG

,
CR

NH4
0, and NH

4
0). The parameter of Q/I (CR

NH4
0) was significantly correlated with mung bean plant N and C

uptake. PBC
NH4

+ and K
G
 were significantly correlated with mung bean yields.

INTRODUCTION

Mung bean (Vigna radiata L.) is one of the
agricultural commodities with excellent development
prospects in Indonesia. Mung beans are the third
most crucial legume commodity after soybeans and
peanuts (Widjajaseputra et al. 2019). The main
problems of mung bean cultivation in Indonesia are
low productivity and limited cultivation area. This
problem can be overcome by optimizing marginal
land such as Ultisol soil for mung bean cultivation
activities.

Ultisols are a significant group of marginal soils
extensively found in the upland area of Indonesia
(Prasetyo et al. 2021). The total area of Ultisol in
Indonesia is up to 45.8 million ha, or about 25% of
the total land area of Indonesia (Subagyo et al.
2004). Ultisol soil is less fertile soil (Offiong et al.
2021) but can still respond well if properly managed
(Utomo et al. 2016). Ultisol soils have several

problems, including low pH, N, P, K, Mg, and Ca
content (Hale et al. 2020), low cation exchange
capacity (CEC) (Alves et al. 2021; Pan et al. 2021)
and high levels of aluminum (Al) which can cause
poisoning in plants and inhibit the growth of roots
and soil microbes (Mulyani et al. 2010; Zhao et al.
2020).

Ultisol soils have a very low organic matter
content, CEC, and low pH (Peng et al. 2011;
Septiyana et al. 2021), causing a very low N nutrient
buffer, especially NH

4
+. The availability of N in acid

soils is dominated in the form of NH
4

+ compared to
in the form of nitrate (NO

3
-), so it is necessary to

improve the buffering capacity of NH
4

+

(Lumbanraja et al. 2019). The buffering capacity
of ammonium can be increased by using organic
and inorganic fertilizer management technology and
soil management (Prasetyo and Suriadikarta 2006).

One type of fertilizer commonly used in addition
to N nutrients is urea. Urea in the soil is mainly
converted to NH

4
+, which is adsorbed in the soil

colloid, but NH
4

+ in the soil solution can be oxidized
to NO

3
- (Lumbanraja et al. 2019). Several studies
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on the relationship between the quantity/intensity of
NH

4
+ in various soil types have been carried out,

especially on dry land (Lumbanraja et al. 2019;
Wang and Alva 2000). Applying organic matter can
increase the availability of ammonium and nitrate
so that more nitrogen will be available in the soil
(Munawar 2011). Isnaini’s research (2005) showed
that the no-tillage combined with fertilization affected
the N-NH

4
+ content and K+ uptake. Lumbanraja et

al. (2020) stated that minimum tillage treatment has
higher PBC

K
 (potential buffering capacity for K+)

than conventional tillage. It is suspected that
minimum tillage has higher organic matter compared
to conventional tillage and organic matter can
increase the soil CEC values. The minimum tillage
system that was given fertilization improved the soil’s
chemical properties (N, P, K, pH, Organic-C, and
CEC). The CEC value is directly proportional to
the PBC

K
 value; the higher the soil CEC value, the

PBC
K
 will also increase (Lumbanraja 2017).

The relationship (Q/I) was used in several
studies to evaluate the availability of K+ and NH

4
+

(Singh et al. 2019). The previous research (in the
third planting period) has conducted a Q/I K+

analysis. Hence in this study, an analysis of the Q/I
NH

4
+ relationship was conducted to determine the

effect of tillage and fertilization on the behavior of
Ammonium in soil, mung bean plant N and C uptake,
and mung bean yields in Gedong Meneng ultisols at
the sixth planting period.

MATERIALS AND METHODS

History of Research Area and Reseach Site

Series of experiment were done in the experi-
mental field since December 2016.  The research
in the first planting season from December 2016 to
February 2017 used maize as an indicator plant. The
second planting season in April-June 2017 used
mung bean, the third planting season in February-
June 2018 used maize, the fourth planting season in
September-December 2018 used mung bean, the
fifth planting season in October 2019-January 2020
used maize, and the sixth planting season in Sep-
tember 2020-May 2021 used mung bean. The field
experiment was done in the Integrated Agricultural
Experimental Stations (5°22’10’’S 105°14’38’’E),
the University of Lampung, from. For the sixth plant-
ing season, a laboratory experiment on Quantity –
Intensity (Q/I) Ammonium was conducted in the
Laboratory of Soil Science, the University of
Lampung.

Experimental Design

A 2×2 factorial in Randomized Block Design
(RBD) was applied. The first factor was the tillage
system (T), namely minimum tillage (T0) and
intensive tillage (T1). The second factor was the
fertilization (P), namely without fertilizer application
(P0), and with fertilizer application (NPK 200 kg
ha-1 + 1 Mg ha-1 chicken manure) (P1). The
combination traetments were Minimum Tillage and
No Fertilization (T0P0), Minimum Tillage and
Fertilizer Application (T0P1),  Intensive Tillage and
No Fertilizer (T1P0), and Intensive Tillage and
Fertilizer Application (T1P1). Each treatment was
replicated four times. So, the experiment had 16
experimental plots.

The size of each plot size was 2.5 m × 2.5 m
with 0.7 m spacing between plots. The minimum
tillage plots were processed only as necessary by
clearing weeds and returning them to the
experimental plots. While, in the intensive tillage
plots, the soil was tilled entirely to a depth of 15-20
cm, and weeds in the plots were removed. Planting
was done by inserting 4 mung bean seeds in each
hole of the Vima-2 variety with a spacing of 60 cm
× 15 cm. After 7 days after planting (DAP), thinning
was done, leaving two plants per hole. Manure was
applied during the planting process; while, NPK
compound fertilizer was applied at 7 DAP by
spreading over an array with a distance of ± 10 cm
from the plant. During mung bean cultivation, plant
maintenance includeed watering, weeding, and
hoarding. Harvesting was done gradually when the
pods had brown or black color at the age of 60-70
DAP. Soil samples were taken twice which were
before planting and after harvesting. Each plot was
taken 3 points randomly using a Belgian drill, then
composited based on the treatment. Meanwhile, five
samples from each plot were taken, then the stover,
pods, and seeds were separated to calculate the dry
weight of the plant.

The main variables in this study were the
Quantity-Intensity (Q/I) Ammonium experiment, wet
and dry weight of plants. Harvested plants samples
that had been separated from stover, pods, and seeds
in each plot were weighed to obtain wet weight and
then oven-baked (60 oC  for three days) to obtain
dry weight. The mung bean plant N uptake was
analysed using the Kjeldahl method, and C uptake
using the Walkey and Black method. While the
supporting variables of this study were soil total N
(Kjeldahl method), soil available P (Bray-1 method),
soil organic C (Walkey and Black method), soil pH
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(actual and potential), soil CEC (NH
4
OAc 1N pH

7) (Sparks 1996).

The Experiment of Quantity – Intensity (Q/I)
Ammonium in Laboratory

The concept of Q/I describes the relationship
between the ion concentration in the soil colloid and
the equilibrium concentration in the soil solution.
According to Forghani and Sabouri (2020),
evaluating the relationship of nutrient supply
characteristics to the soil can be described using
the Q/I method. The analysis of NH

4
+ by the Q/I

method was in accordance with the procedure used
by Beckett (1964). A four gram of soil samples was
placed into each series (6 centrifuge tubes) then
added 40 ml of NH

4
Cl with a concentration of 0;

0.2; 0.5; 1.0; 2.0; and 3.0 mmol L-1, which has
already contained 0.005 M CaCl

2
. Then, the soil

was shaken for 2 hours and centrifuged for 15
minutes at 3000 rpm. After being centrifuged, the
solution was filtered to separate the clear solution
from the soil. The clear soil solution was distilled
with a 40% NaOH solution to measure NH

4
+, which

was accommodated in a mixture of boric acid and
Conway indicator, as well as Ca and Mg, using an
Atomic Absorption Spectrophotometer (AAS)
(Wang et al. 2004). Each treatment was repeated
three times.

Cation exchange will occur in the soil that has
been given a series of solutions based on the Q/I
method. The concept of PBC can be illustrated by
a simple exchange reaction between Ca2+ and NH

4
+.

The exchange reaction can be written as follows
(Ninh et al. 2009):

(soil) Ca½ + NH
4

+  (soil) NH
4
 + ½ Ca2+....(1)

Beckett’s (1964) approach was used to study
the Q/I NH4+ relationship in soils. From the Q/I
NH

4
+ method, a curve (Figure 1) is obtained, which

can provide clues to determine the ability and
adequate quantity of ammonium supply into the
solution in the soil, which can then be available to
plants. From the ideal curve of Q/I, NH

4
+ gives input

the amount of NH
4

+ absorbed or released from the
soil ( NH

4
+, cmol kg-1) and the concentration ratio

of NH
4

+ (CRNH
4

+, (mol L-1) ½). T the reactions of
NH4+ and CR

NH4
+ are described by equations (2

and 3):

NH
4

+ = CR
NH4

+i - C
NH4

+f..............................(2)

Changes in the value of exchangeable NH
4

+

( NH
4

+) are the difference between the
concentrations of NH

4
+ before (i) and after (ƒ)

equilibrium with soil colloids, which can be seen in
equation (2). The intensity factor of NH

4
+ (CR

NH4

+)
is the result of the calculation of the concentrations
of NH

4
+ (C

NH4
+), Ca (C

Ca
), and Mg (C

Mg
) in the soil

solution (equation 3). The buffering capacity of NH
4
+

(PBC
NH4

+, Cmol kg-1 (mol L-1)-1/2) is the slope of the
linear line of the Q/I curve. Non-specific NH

4
+

( NH
4

0, cmol kg-1) was obtained from the linear
line of the Q/I curve when AR

NH4
+ = 0 and the

Figure 1. Ideal Curve of Q/I NH
4

+. NH
4

+ : Amount of NH
4

+ absorbed or released NH
4

+ from soil (vertical);
CR

NH4
+ = Ammonium ratio concentration (horizontal); CR

NH4
0 = Equilibrium concentration ratio am-

monium; PBC
NH4

+ = Buffer Capacity of NH
4

+ (slope); NH
4

0 = Non-specific position of NH
4

+;
NH

4
dd : exchangeable NH

4
+ extracted with 1M KCl; NH

4
+ 

sas
 = The specific position of NH

4
+

(NH
4
dd - NH

4
0) (Lumbanraja et al. 2019).
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specific adsorbtion site of NH
4

+ (NH
4
-

sas
, cmol kg-1)

(Wang and Alva 2000). The NH
4

+ and CRNH
4

+

calculated values were used to plot a Q/I curve;
NH

4
+ is the y-axis, CR

NH4

+ is the x-axis, and PBC
NH4

+

is the slope of the regression line (Becket 1964).

CR
NH4

+= (NH
4

+)/[(Ca) + (Mg)]1/2...............(3)

Potential Buffering Capacity (PBC
NH4

+) is one
of the parameters derived from the Q/I NH

4
+

relationship. The PBC
NH4

+ value is the slope
(gradient) of the Q/I linear curve, where a steeper
curve indicates a higher potential buffering capacity
than a gentler curve. This value describes the ability
of the soil to maintain the quantity of NH

4
+ in the

soil adsorption complex. The Gapon coefficient (K
G
)

= 2(PBC
NH4

+)/CEC is the selectivity coefficient for
NH

4
+, which is the soil adsorption constant for NH

4
+.

The higher the K
G
 value, the relatively more soil

colloids adsorb NH
4

+ compared to Ca2+ and Mg2+

cations.
The Gapon coefficient value (K

G
) is used to

determine the preference for cation adsorption which
is proportional to the total cations present in the soil
colloid (Tan 1982). K

G
 is calculated using the equation

Evangelou and Philips (1987) with formula (7):

PBC
NH4

+= ½ K
G
CEC so K

G
=2PBC

NH4
+ 
..............

.
(4)

                                  CEC

Data Analysis

Statistics were conducted with Microsoft Excel
2019. The student-t-test (5% level) determines the
difference between the amount of released soil

NH
4

+ in each treatment and each labile NH
4

+ in the
treatment analyzed using the Q/I method. A
correlation test was conducted to determine the
relationship between the parameters Q/I (CR

NH4
0,

NH
4

0, PBC
NH4

+), NH
4dd

 with soil available N, N
and C uptake of mung bean plant due to tillage and
fertilization. Analysis of variance was performed to
analyse the data of vegetative and generative
components of the mung bean. In addition, the Least
Significant Difference (LSD) test was further
performed to see the differences among the mean.

RESULTS AND DISCUSSION

Soil Chemical Properties Before and After
Planting

The results of the soil chemical analysis pre-
planting and post-planting can be seen in Table 1.
The pH value of the Gedung Meneng Ultisol soil is
in the slightly acidic criteria, and the soil nutrients
content of total N is low to moderate, available P is
moderate to very high, organic C and CEC values
are low. The low soil pH was due to the leaching of
primarily bases nutrients, so the soil reacts with acid.
The soil total N and available P tend to decrease
after harvest, presumably because mung bean plants
have absorbed the soil N and P. The low soil organic
matter content is generally due to the rapid
decomposition process, and some of it is carried
away by erosion (Prasetyo and Suriadikarta 2006),
besides the decrease in carbon content is due to the
weathering process of organic matter by
microorganisms, releasing CO

2
 into the air,

Table 1. Soil chemical properties before and after planting mung bean.
 

Chemical properties 
Treatments 

T0P0 T0P1 T1P0 T1P1 

pH H2O Before 5.65SA 6.09SA 6.19SA 6.50SA 
 After 6.23SA 6.36SA 5.95SA 6.18SA 
pH KCl Before 5.19A 5.44A 5.55A 5.59A 
 After 5.23A 5.41A 4.91A 5.29A 
Total N (%) Before 0.20L 0.27M 0.22M 0.23M 
 After 0.18L 0.19L 0.16L 0.15L 
Available P (mg P2O5 kg-1) Before 28.80H 39.43VH 25.69H 48.46VH 

After 16.01M 37.09VH 15.76M 38.83VH 
Organic C (%) Before 1.71L 1.85L 1.77L 1.60L 

After 1.33L 1.75L 1.61L 1.55L 
CEC (cmol kg-1) Before 5.3L 5.3VL 6.1L 5.9L 

After 5.4L 5.7L 4.3VL 5.6L 

T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer.  The numbers followed by the same
letters indicate the criteria of soil chemical properties, namely VH= Very High; H= High; M=Moderate; L=Low;
VL=Very Low; A= Acid; SA= Slightly Acid.
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Mung Bean Yields and the Amount of Nitrogen
and Carbon Uptake by Mung Bean Plants

The results of the analysis of variance showed
that the application of NPK compound fertilizer and
manure had a significant effect on harvested dry
weight, oven dry seed, and 100-seed weight (g), but
tillage treatment had no significant effect. Based
on the BNT test (Table 2), the fertilizer application
gave significantly higher harvested dry seed, oven
dry seed and 100-seed weight than without
fertilization application.

The addition of nutrients through the fertilization
can affect the plants nutrients supply, increasing the
growth process and yields of mung bean plants. In
addition, during the cultivation process, the provision
of water is always maintained by watering the plants
twice a day in the morning and evening that it can
help the process of plant nutrients absorption. Hastuti
et al. (2018) stated that the availability of sufficient
water during generative growth can increase seed
weight because seed weight is strongly influenced
by the amount of water available in the soil.

The analysis of variance showed that tillage
and fertilization treatments had a very significant
effect on plant N uptake in stover and total, while
only fertilization had a significant effect on plant N
uptake in pods and seeds. Based on the results of
the LSD test (Table 3), intensive tillage has a higher

plant N uptake in the stover and total than minimum
tillage; then fertilizer application has a higher plant
N uptake in the stover, pods, seeds, and totals than
without fertilizer application. It is suspected that
adding fertilizer will increase the availability of
nutrients in the soil so that the uptake of nitrogen by
plants with the addition of fertilizer will increase
(Wang et al. 2019). NPK fertilizer is a source of
essential macronutrients that can meet plant nutrient
needs. Alavan et al. (2015) stated that applying
inorganic fertilizers into the soil can quickly increase
plant nutrient availability. Application of chicken
manure was able to increase soil N-total and N
uptake on Ultisol (Harahap et al. 2022). Nyiraneza
and Snapp (2007) found that the chicken manure
application can increase tomato yields and the
efficiency of plant N uptake by up to 20% in field
experiments. In addition, intensive tillage will improve
soil structure so that root growth is good, and couple
with sufficient nitrogen availability, roots will absorb
nitrogen properly (Kaya 2018).

Based on the analysis of variance, tillage had
no significant effect on plant C uptake of pods, while
fertilization significantly increased plant C uptake
of mung beans. Table 4 shows that tillage had no
significant effect on plant C uptake of stover, seeds,
and total. While, the LSD’ test results showed that
fertilization had a higher plant C uptake of stover,
seeds, and total than without fertilizer. Applying
fertilizer will increase the activity of microorganisms
because it is a source of energy for microorganisms.
According to Akbar et al. (2016), the nitrogen
content in NPK fertilizer is an energy source that
can increase the soil microorganisms activity so that
the decomposition of organic matter and
mineralization of nutrients can run quickly and so
plants can absorb nutrients. The high plant C uptake

Table 2. Effect of tillage and fertilization on mung bean yields.

 
Treatments 

Seed Weight of Mung Bean 

Harvested Dry Seed 
 (Mg ha-1) 

Oven Dry Seed  
(Mg ha-1) 

100-seed weight  
(g) 

T0  1.82 1.49 6.23 
T1  1.81 1.42 5.49 
F-Test ns ns ns 
P0  1.52b 1.30b 4.13b 
P1  2.11a 1.61a 7.60a 
F-test * * ** 
LSD 5% 0.58 0.31 0.33 

 T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg ha-1 NPK + 1.000 kg ha-1

manure). The numbers followed by the same letters in the same column are not significantly based on the LSD test at a
5% significance level. ** = significant at p < 0.01, * = significant on p < 0.05, ns = not significant.

accompanied by energy production (Oktavia 2006).
Because Ultisol soils have low organic matter, the
CEC value is also low, according to the results
obtained, the CEC values   before and after harvest
fall into the very low to low criteria. According to
Syahputra et al. (2015), organic matter is a humus
that acts as a soil colloid, so the more organic matter,
the greater the CEC of the soil.
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was in line with the high plant dry weight (Deliyana
et al. 2016). According to the study results,
fertilization treatment had a higher plant dry weight
than without fertilization.

Quantity-Intensity (Q/I) Ammonium

The linear curve of Q/I NH
4
+ (Figure 2) shows

the relationship between the Quantity and Intensity
of NH

4
+ in the soil solution, namely between CR 

NH4
+

(intensity factor) and NH
4

+ (quantity factor), while
(Table 5) shows the value of the Q/I parameter.

Figure 2 shows that CR
NH4

+, on the X axis, is
the ratio of ammonium concentration to Ca2+ in the
soil solution, and NH

4
+ on the Y axis is ammonium

adsorbed by soil colloids. The value of CR
NH4

+

depends on the concentration of NH
4

+ and Ca2+ in
the soil solution. The curves in Figure 2 are above
the X-axis in each treatment, which means that all
treatments experience NH

4
+ adsorption. The value

of the Quantity-Intensity (Q/I) Ammonium
parameter for each treatment can be seen in Table
5. Meanwhile, the differences in the parameters for
each treatment is shown in Table 6.

Potential Buffering Capacity of Ammonium
(PBC

NH4
+) and Gapon Coefficient (K

G
)

Table 5 shows that the T0P1 treatment had
the highest PBC

NH4
+ value compared to the other

treatments but did not differ much from the T1P1
treatment. The addition of organic and inorganic
fertilizers can increase NH

4
+ uptake. It is suspected

that the soil colloid is not saturated with NH
4

+ so
the addition of NPK fertilizer will be adsorbed to
the soil colloid and will be released into the soil
solution if the NH

4
+ concentration in the soil solution

is reduced due to being absorbed by plants or
leached so that NH

4
+ will be available again

(Lumbanraja et al. 2019). Adding organic fertilizer

Table 3. Effect of tillage and fertilization on N uptake by mung bean plant.

Treatments N uptake (kg ha-1) 

Stover Pod Seed Total 
T0  5.32b 0.84 12.24 18.40b 
T1  11.65a 0.95 12.63 25.22a 

F-Test ** tn tn ** 
LSD 5% 1.97 

  
4.53 

P0   5.62b 0.77b 10.42b 16.81b 
P1  11.34a 1.03a 14.44a 26.81a 
F-Test ** * ** ** 

LSD 5% 1.97 0.24 1.18 4.53 

 T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg ha-1 NPK + 1.000 kg
ha-1 manure). The numbers followed by the same letters in the same column are not significantly based on the
LSD test at a 5% significance level. ** = significant at p < 0.01, * = significant on p < 0.05, ns = not significant.

Table 4. Effect of tillage and fertilization on C uptake by mung bean plant.

Treatments 
  C uptake (kg ha-1) 

Stover Seed Total 
T0  616.48    795.95 1616.4 
T1  769.50   753.23 1891.1 
Uji F tn tn tn 

P0  582.09b    639.86b 1521.2b 

P1  803.90a 909.32a 1986.3a 

F-Test * * * 
LSD 5% 158.09 166.50 383.92 

 
T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg
ha-1 NPK + 1.000 kg ha-1 manure). The numbers followed by the same letters in the same
column are not significantly based on the LSD test at a 5% significance level. ** = significant
at p < 0.01, * = significant on p < 0.05, ns = not significant.
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in the form of manure and plant litter used as organic
mulch can trigger an increase the value of PBC

NH4

+.
It can be seen that the T0P1 treatment can increase
the CEC value (Table 1) because the PBC value is
directly proportional to the CEC value. The increase
in CEC value is influenced by the decomposition
process of organic matter, which produces humic
compounds that contribute to the increase of CEC
in soil colloids. This increase is also caused by an
increase in the negative charge of soil colloids. The
negative charge comes from the carboxyl (COOH)
and hydroxyl (OH) groups present in organic
compounds (Siregar 2017). The PBC

NH4

+ value in
the treatment without fertilization showed the lowest
value, this means that the Ultisol Gedung Meneng
soil needs to be fertilized. Based on the student-t-
test (Table 6), the value   of PBC

NH4
+ treatment

T0P0 vs T0P1, T0P0 vs T1P1, T0P1 vs. T1P0, and
T1P0 vs T1P1 showed a very significant difference.
The addition of fertilizer can increase PBC

NH4
+ or

NH
4

+ buffering capacity in the soil.

The PBC value is directly proportional to the
K

G
 value (NH

4
+ adsorption capacity), so if the NH

4
+

PBC value is high, the K
G
 value will also be high.

Following the results, the K
G
 value in the T0P1

treatment had the highest K
G
 value, and then the

T1P0 treatment had the lowest K
G
 value (Table 5).

The high K
G
 value in the soil indicates that the NH

4
+

given through the application of fertilizer will survive
leaching, especially in soils with high rainfall
(Lumbanraja et al. 2019) or in other words the soil
ability to adsorb NH

4
+ is high. The higher the K

G

value, the more soil colloids adsorb NH
4
+ compared

to Ca2+ and Mg2+ cations.

Value of NH
4

+ Concentration at Equilibrium
(CR

NH
0)

The soil NH
4
+ exchange behavior can describe

the relationship between NH
4

0 and CR
NH4

0. The
intensity value at equilibrium (CR

NH4
+) is a value

that describes the intensity of NH
4

+ in equilibrium,
or the value reflects the availability of NH

4
+ for
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Figure 2. Ammonium Quantity-Intensity (Q/I) Curve in Ultisol Soil. T0= (Minimum Tillage), T1= Intensive
Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg ha-1 NPK + 1.000 kg ha-1 manure). CR 

NH4
+:

Concentration ratio; ÄNH
4

+: The amount of NH
4

+ absorbed or released in the soil.  : T0P0=
0.99x - 0.185;  = T0P1= 1.655x - 0.476; : T1P0= 0.709x - 0.193;  TIP1= 1.504x - 0.583.

Table 5. Effect of tillage and fertilization on the Quantity-Intensity Q/I parameter.

Treatments 
PBCNH4

+ CRNH4
0 KG ∆NH4

0 

cmol kg-1 (mol L-1)-½  (mol L-1)½ (mol L-1)-½ cmol kg-1  

T0P0 0.999 0.221 0.344 0.185 
T0P1 1.655 0.288 0.591 0.476 
T1P0 0.709 0.272 0.330 0.193 
T1P1 1.504 0.388 0.590 0.583 

 T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg ha-1 NPK + 1.000 kg ha-1

manure). PBC
NH4

+: Potential Buffering Capacity of NH
4

+, CR
NH4

0: NH
4
 ratio at equilibrium, K

G
: Gapon Coefficient

and NH
4
0: Non-specific position of ammonium.
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plants. The treatment of T1P1 had the highest
CR

NH4
0 value than the other treatments. The NPK

fertilizer was given as an N source so that the
availability of NH

4
+ increased in the soil and made

it available to plants. Furthermore, adding manure
can increase NH

4
+ in the soil solution because it

contains many soluble NH
4

+ salts (Ramdoni and
Lumbanraja 2021). Putra and Jalil (2018) stated that
nitrogen availability is directly influenced by organic
matter, so adding organic matter can increase the
available N in the soil. Supported by Permana et al.
(2017), tillage carried out manually by hoeing to a
depth of 20-30 cm will improve soil aeration, loosen
the soil, and stimulate the decomposition process by
bacteria. Based on the student-t-test (Table 6), the
value of CR

NH4

0 treatment T0P0 vs. T0P1, T0P0
vs. T1P1, T0P1 vs. T1P1, and T1P0 vs. T1P1 show
a very significant difference. Fertilization can
increase the availability of soil NH

4
+ for plants.

Non-Specific Position of Ammonium ( NH
4

0)

The higher the value of NH
4

0, the higher the
NH

4
+ in the soil colloid. In the results, the T1P1

treatment had the highest NH
4

0 value; then, the
second highest was T0P1 treatment (Table 5). The
application of NPK fertilizer and manure can
increase NH

4
+ in soil colloids. Isnaini (2001) found

that the content of N-NH
4

+ increases with addition
of N and K fertilizer. Furthermore, NH

4
+ will be

adsorbed a lot by the organic fraction of organic
matter from given manure. Syaiful and Untung
(2013) stated that the negative charge originating
from functional groups of organic compounds could
increase the chances of absorbing positive charges
such as NH

4
+ in soil colloids.

The student-t-test was done to find the
difference between the slope (PBC

 NH4

+), intercept
( NH

4
0), and CR

NH
0 in each treatment. The resuts

of student-t’ test (Table 6) show that the parameters
PBC

NH4

+, NH
4

0, and CR
NH4

0 are very significantly
different in the treatment of T0P0 vs. T0P1, T0P0
vs. T1P1, and T1P0 vs. T1P1. The minimum and
intensive tillage with fertilization has higher NH

4
+

buffering capacity and increases the availability of
N-NH

4
+ for plants than without fertilization. In

addition, the given fertilization can increase NH
4

+ in
soil colloids which the organic fraction will then
adsorb through the applied manure and plant litter
used as organic mulch (Isnaini 2001). Student-t test
in treating T0P0 vs. T1P0 for each Q/I parameter
showed no significant difference. The minimum and
intensive tillage without fertilization did not increase
PBC

NH4

+, NH
4

0, and CR
NH4

0.  At Table 5, T0P0
and T1P0 treatments had the lowest Q/I parameter
values  compared to other treatments. Based on
the student-t’ test, T0P1 vs. T1P0 showed a
significant difference in the parameters PBC

NH4
+

and  NH
4

0 except for the CR
NH4

0 parameter. The
treatment does not significantly increase ammonium
in the soil solution.

Correlation Between Soil and Plant Analysis
Parameters and Q/I Parameter

The results of correlation test are in Table 7, it
is shown that CR

NH4
0 is significantly correlated with

plant N and P uptake. CR
NH4

0 is NH
4

+ in a balance
state, or the value reflects the availability of NH

4
+

for plants, so the more NH
4

+ in the soil, the N uptake
by plants will also increase. Kaya (2018) stated that
the increase in plant N uptake correlated to soil N
availability.

Table 6. The student-t-test on the potential buffering capacity of NH4+ (PBC
NH4

+),
the non-specific position of ammonium ( NH

4
0), and the NH

4
 ratio at

equilibrium (CR
NH4

0).

Treatments 
t-calculated t-table 

PBCNH4
+ ∆NH4

0 CRNH4
0 0.05 0.01 

T0P0 VS T0P1 13.452** 16.607** 16.888** 4.303 9.925 
T0P0 VS T1P0 -54.136ns 2.000ns -9.344ns   
T0P0 VS T1P1 48.031** 53.213** 34.722**   
T0P1 VC T1P0 18.305** 15.614** 1.371ns   
T0P1 VS T1P1 -3.291ns -6.060ns 89.163**   
T1P0 VS T1P1 71.747** 50.859** 14.806**     

 T0= (Minimum Tillage), T1= Intensive Tillage, P0= No Fertilizer, P1= Fertilizer (200 kg ha-1

NPK + 1.000 kg ha-1 manure). The student-t-test is performed to compare the differences between
PBC

NH4
+, “NH

4
0, and CR

NH4
0 in each treatment.  ** = significant at p < 0.01, * = significant on p

< 0.05, ns = not significant.
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Table 7 shows that PBC
NH4

+ and K
G
 are

significantly correlated with mung bean yields. The
value of PBC

NH4
+ is directly proportional to the K

G

value, where PBC
NH4

+ is the ability of the soil to
retain NH

4
+ in the soil solution so that plants can

absorb it and the high K
G
 indicates that NH

4
+ will

survive from leaching. So that, the more N and other
nutrients are available, the more that can be absorbed
by plants. Plant nutrients must be available to meet
all plant needs (Supramudho et al. 2012) so that the
provision of nutrients to the soil through the
fertilization process can affect the supply of nutrients
to plants to increase the growth process and yields
of mung bean plants.

CONCLUSIONS

The application of NPK fertilizer 200 kg ha-1

and manure 1000 kg ha-1 significantly affected the
yields and plant N and P uptake of mung bean, while
intensive tillage had a very significant effect in
increasing the plant N uptake of mung bean
compared to minimum tillage. Moreover, minimum
tillage and fertilization (NPK 200 kg ha-1 and manure
1000 kg ha-1) affected the increasing of Q/I
parameters (PBC

NH
4

+, K
G
, CR

NH4

0, and NH
4

0).
Subsequently, Q/I (CR

NH4

0) was significantly
correlated with plant N and C uptake of mung bean;

while, PBC
NH4

+ and K
G
 were significantly correlated

with mung bean yields.
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