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Abstract N dynamics in the soil can be determined from the information about the release of N from N fertilizer applied to
the soil until it becomes N-available to plants. Urea-humate dynamics in ricefield is not yet widely known. Application of
urea-humate in flooded soil is believed to be able to increase N in the form of N-NH," and increase soil pH. The purpose of
this study was to examine the effects of flooding (water saturated and field capacity soil conditions) on the dynamics of
urea-humate. Four treatments (field capacity urea, field capacity urea-humate, flooded urea, and flooded urea-humate) are
used as incubation treatments on ricefield Vertisol being studied. Results of experiment in the greenhouse showed that
flooding with depth of water 5 cm from the soil surface and treatment of urea-humate 260 ppm can increase the soil pH and
reduce soil Eh. Urea-humate in flooded soil until week 5 still produces N-NH," that is higher than urea, and N-NO; levels
were higher in conditions of field capacity. Furthermore, pH, Eh, and soil temperature are factors that affect the availability of

I\I—I\IHJr and N-NO3—.
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1. Introduction

One of the reasons behind land’s low productivity is the
low efficiency of nitrogen fertilizer applied by farmers,
various soil factors can cause the low availability of N from
fertilizer. Factors affecting the release of N-available from
urea-humate fertilizer are: humic acid concentration, soil pH,
Eh, temperature and CEC[4,8,12,23]. Flooding causes soil
pH near neutral, it encourages mineralization of N-organic
into N-NH," which is available for plants. In flooded
conditions, soil Eh is low and can be attributed to the
increasing accumulation of N-NH,". In contrast, flooded
soils with increased pH value may trigger changes of
N-NH," to NH; which can evaporate. In these conditions
(low Eh, high pH), nitrogen can also be released in the form
of N, and N,O as a result of the denitrification process. Low
levels of soil fertility and productivity is a major obstacle in
ricefield management[10]. Vertisol has high CEC, high base
saturation, and very slow permeability, which makes it
suitable for ricefield. Vertisol has a smooth texture with clay
mineral content type 2:1, so it becomes very hard when dry
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and becomes sticky when wet. Additionally, Vertisols have
relatively high pH, unbalanced nutrient status, and low
organic matter content (<1%) so its N content is also low
(0,08-0,18%)[18]. Nursyamsi et al.[l5] reported that in
flooded soil can occur chemical and electronics changes that
are detrimental to the growth of plants. These changes
include: (1) decrease of redox potential, (2) lack of oxygen,
and (3) reduction of Fe** to Fe*', Mn*" to Mn**, NO;™ and
NO, to N,O and N,. Min et al.[13] showed that in the
flooded state, the loss of NOj; to the soil layers is very rapid.
Transport of NO; is influenced by the clay content.
Reduction of soil does not inhibit the growth of rice plants
except at higher Eh value of -300 mV, where sulfide can be
produced at a rate that poisoned[17]. Reduction processes
cause a decrease in Eh and produce OH™ ions thus increasing
the pH[22]. The higher the organic matter content of the soil,
the greater the reduction power. Effects of flooding are
increasing the pH of acid soil and decrease the pH of alkaline
soils. Changes in the pH value is due to the release of OH
ions of Fe (OH); to Fe (OH),. Alkaline pH values in the soil
was reduced to 7 due to the increase in CO, partial-pressure
that produces H' ions[1,7,17,22]. Soils with good aeration
usually have redox potential values between +400 - 700 mV
[7]. Fausey and Lal[6] reported that the flooded soil can have
a redox potential of -300 mV. Under the Eh value of +400
mV, the soil is classified in the "moderate-reduction"”, while
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at -100 mV is classified in the "high-reduction". The value of
Eh affects the availability of the elements for plant. There
have been studies about the absorption of 5 macro elements
and 10 micro elements by maize in flooded soil compared to
well drained soil using lysimeter. The result shows that the
absorption of Al, Fe, Mn, and Mo increased but the
absorption of N, P, K, Zn, Cu, and B decreased in flooded
conditions. Panda[16] reported that the amount of NH,"
release from ricefield (4-11%) experienced an increase in
flooding with water depths up to 10 cm. Furthermore NH,"
content decreased at a water depth of 30 cm. The high
amount of NH," in the soil with the flooding of up to 5 cm
compared with soil that is not flooded is due to the large
number of ammonification bacteria and the small number of
nitrosomonas and nitrobacter bacteria on flooded soils or the
inactive aerobic bacteria. Anilakumar et al[3] also found
that the addition of N fertilizer from several N sources
resulted in waterlogged soil Eh was lower than the control
treatment without N fertilizer. Compounds most likely to be
involved in buffering the pH of flooded soil are Fe and Mn
compounds in the form of hydroxide carbonate and carbonic
acid. This flooding may lead to the increased availability of
nutrients[22]. Panda[16] suggests that the flooding increases
production of NH4" in the soil, organic N mineralization in
flooded soil is faster than in non-flooded soil.

2. Materials and Methods

The research was conducted from October 2011 to
November 2011 in the laboratory and greenhouse of
University of Brawijaya, Indonesia. Soil samples at a depth
of 0-30 cm were collected from The Experimental Station
of Research Center for Legume and Tuber Crop, Ngale,
Ngawi, East Java, Indonesia. Soil samples used has been
refined through 20 mesh sieve.

Urea-humate 260 ppm used is an engineered mix between
urea and potassium humate formula (KH 26) obtained from
Leonardite sediment of Victoria's gippland Australia.
Manufacture of urea-humate 260 ppm is by mixing 100 mL
KH 26 containing 26% humic acid in 1 kg of urea. Urea used
in this research is urea 46% N, a product of Pupuk
Kalimantan Timur, Bontang, Indonesia. Concentration of
humic acid used is based on research results from Khaled and
Fawy[11], where the addition of humic acid through the soil
is more economical if provided at a concentration of <0,2%
and provision through the leaves at a concentration of
<0,1%.

1 kg of air-dry soil which has been refined through sieve is
included in volume 3 L plastic pots and then watered and
stirred up until it silt. For flooded treatment, water in plastic
pots maintained at a height of 5 cm. Incubation treatment
consists of 2 factors, namely the type of fertilizer and
flooding. The first factor is the type of fertilizer: urea 46% (U)
and urea-humate 260 ppm (UH). The second factor (T) is a
continuous flooding (+ 5 cm) for 5 weeks and the condition
of field capacity (KL). The amount of fertilizer applied per
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pot was 0.1 g kg™ in accordance with the recommended dose
of urea fertilizer for rice in Ngale, Ngawi i.e. 200 kg ha™.

Observations were made every week for 5 weeks (5 times
of observation). Soil and water sampling were done for
analysis of ammonium and nitrate method given by
Anderson and Ingram[2]. Analysis of chemical and physical
properties of soil using standard procedures. Analysis of
C-organic using Walkey and Black method[19]. Analysis of
N-total, N-NH;" and N- NO; using Kjeldahl, CEC with
NH4OAc IN pH 7[9]. pH and Eh were measured with Multi
Water Quality Checker V-50.

Then tested statistically using factorial CRD with F test
level of 5%. Followed by Duncan's test at the 5% level to see
the effect differences between treatments. Multiple
regression test is done to see the interrelation of pH, Eh, CEC
and temperature on the availability of N-NH,"and N- NOs".

3. Result and Discussion

3.1. pH (H,O) in the Soil

The addition of urea-humate 260 ppm both on the state of
field capacity (KL) and the flooded state (T), the pH of the
soil during the five weeks of incubation was higher than the
initial pH value of 6,30.

Table 1. The effect of flooding on soil pH

Flooded c :l;;l; oy P
pH on U 6,88 7,05 6,97
week 1 a
UH 7,11 6,97 7’::4

r 6,99 a 7,01 a
v:’e]:k"“z U 7,02 6,90 6’26
UH 7,96 6,56 7’26

P 749 b 673 a
v:’e?k"“s U 737 7,45 7’:1
UH 743 7,20 7’31

r 740 a 732 a
vfe?k"" . U 7,62 7,55 7’: ?
UH 7,69 7,24 7’:7

P 7,66 b 739 a
v:’el:k"“s U 7,95 7,86 7’20
UH 8,01 7,60 7’:0

P 789 b 7,73 a

Notes:

* Figures with the same letter in the same column are not significantly
different at 5% level of Duncan's test

* U = urea, UH = urea-humate, T = flooded, and KL = field capacity, [ =
mean value

At week 1 of flooding, soil pH increased to 6,88 on urea
treatment and to pH 7,11 on urea-humate treatment. While
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on field capacity treatment, soil pH value increased to 7,05
(urea) and 6,97 (urea-humate) (Figure 1). Both showed that
at week 1 soil pH changed from slightly acidic to neutral
conditions. This is contrast to urea-humate 260 ppm
treatment which increased sharply in week 2, in flooded state
the soil pH changed from 7,11 to 7,96 (slightly alkaline),
while in urea treatment from 6,88 to 7,02 (Table 1).

Sanchez[22] showed that one month after flooding nearly
all types of soil to reach pH 6,6 — 7,2 and those value are
fixed until the soil is dry.

Table 1 shows that the effect of flooding is very significant
and there is interaction between flooding and urea on the soil
pH in incubation at week 1 to week 5. At week 2, the soil pH
at field capacity condition declined from 7,01 to 6,73 and at
flooded condition increased from 6,99 to 7,49 but still within
the range of neutral. This is in accordance with the opinion of
Purakayastha et al.[20] that the Vertisol pH declined sharply
in week 2. Table 1 shows that flooding significantly gives a
higher pH than field capacity on incubation weeks 2, 4, and
S.

Sanchez[22] adds that the reduction process produces OH
ions so as to increase the soil pH. The higher the organic
matter content of the soil, the higher the reduction power.
Increase in the pH value is also due to the release of OH"

from Fe(OH); into Fe(OH), given urea-humate 260 ppm used
also contains Fe.

Increase in pH up to five weeks of flooding in the
treatment of urea-humate reached 8,01 and 7,95 (urea) while
in a state of field capacity reached pH 7,86 (urea) and 7,6
(urea-humate). It is also influenced by the results of analysis
which shows that the humic acid used containing carboxyl
group (71,4 cmol kg') and OH-phenol group (101,7 cmol
kg™") which can form a chelate with metal elements[24].

Humic acid is a polyelectrolyte macromolecules capable
to chelate metal ions[24]. This causes a decrease in the
solubility of the metal ions so as to increase the soil pH.
Wang et al.[25] also showed that at neutral to alkaline pH,
humic acid functional groups can undergo deprotonation
resulting in lower hydrogen bonding and increase the amount
of negative charge. Saidi[21] adds that the pH value greatly
influenced by the type of soil and the addition of organic
material after 5 weeks of flooding.

3.2. Soil Eh

Soil Eh on incubation at week 1 to week 5 are presented in
Table 2 and Figure 2.
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Table 2. The effect of flooding on soil Eh

Eh (mV)
Treatment Incubation time

week 1 week 2 week 3 week 4 week 5
UK 408,00 b 326,67 ¢ 321,00 b 336,67 b 337 b
UHK 341,67 b 333,67 ¢ 328,33 b 338,67 b 323 b
uT 10,67 a 17,00 b -17,00 a -31,67 a -50 a
UHT 5,00 a -51,67 a -20,33 a -3533 a -53,67 a

Notes:

* Figures with the same letter in the same column are not significantly different at 5% level of Duncan's test
* UK = urea - field capacity, UHK = urea-humate - field capacity, UT = urea — flooded, and UHT = urea-humate - flooded.

Flooding can decrease soil Eh, soil Eh both on
urea-humate and urea are lower than the Eh in the state of
field capacity (Table 2). Statistical analysis showed that the
Eh value very significantly affected by the flooding
treatment. Eh value in the state of field capacity on
incubation for 5 weeks ranged between 321-408 mV (urea)
and 323 to 341,67 mV (urea-humate). Differ highly
significant with a value of Eh in flooded conditions in the
range of -50 mV to 17 mV (urea) and -53,67 mV to 5 mV
(urea-humate). This is shown in incubation at week 1, which
urea-humate Eh reached 341,67 mV (K) and 5 mV (T).
Furthermore, at week 2 urea-humate Eh values decreased to
333,67 mV (K) and -51.67 mV (T). At week 3 to 5, Eh of
flooded soils tends to decrease, both the urea and
urea-humate. This is in accordance with the opinion of
Sanchez[22] that the flooding resulted in decreased soil
redox potential (Eh). Eh decreased sharply and reached a
minimum in several days then rose rapidly to reach a
maximum value and then decreases again.

At field capacity conditions, Eh urea treatment at week 3
tends to increase until week 5. While urea-humate treatment
tends to increase until week 4 but decreased at week 5. This
is in accordance with the opinion of Saidi[21] that the
addition of organic matter can lower soil Eh value from
278,3 mV to -213 mV at week 5 after flooding Vertisol soil.
According to Sanchez[22], reduction processes cause a
decrease in soil Eh.

3.3. Seil CEC

Soil CEC is an important criterion of soil fertility which

can reflect the ability to provide and keep nutrients in the soil.

This is related to the use of fertilizers, where cation which are
fixed to the soil with high CEC can be used as a backup
nutrients for plants.

Soil CEC at field capacity and flooded conditions, both in
the application of urea and urea-humate included in the very
high criteria, ie 76,74 to 90,43 me 100g™ (flooded) and the

condition of field capacity from 77,45 to 88,44 me 100g™.
CEC on flooded and field capacity decreased until week 4
and subsequently stabilized through week 5, except for the
treatment of urea-humate under flooded conditions that
increased again at week 5. Statistical test results showed no
significant differences between treatments (Table 3). The
high humification of soil organic matter with high cation
exchange capacity (CEC) binding most N-NH," on the
exchange complex. Further N-NH," experienced less
nitrification[27]. On the other hand, the high CEC of Vertisol
also influential in reducing the loss of NHj in the soil[20].

Table 3. The effect of flooding on soil CEC

CEC (me 100g™)

Treatment Incubation time
week 1 week 2 week 3 week 4 week 5
UK 88,44 82,64 83,35 79,95 79,75
UHK 88,22 83,08 83,02 77,80 77,45
UT 90,43 83,06 78,79 76,89 76,74
UHT 86,83 82,62 80,84 78,08 79,92
Notes:

* Figures with the same letter in the same column are not significantly different at
5% level of Duncan's test

* UK = urea - field capacity, UHK = urea-humate - field capacity, UT = urea —
flooded, and UHT = urea-humate - flooded.

The addition of urea-humate at 260 ppm concentration
does not affect the value of Vertisol’s CEC. Thus, the
addition of urea-humate does not increase the availability of
N-NH,". This is consistent with the results of research from
Narteh and Sahrawat[14] which indicates that the soil CEC
and clay content of the soil is have no significant correlation
with the content of N-NH,".

3.4. Levels of N-NH," and N-NOj;™ of the Soil

Levels of N-NH," and N-NO; which measured during the
incubation time for 5 weeks are presented in Table 4 and
Table 5 and Figure 3 and 4.
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Table 4. The effect of flooding on the availability of N-NH,"
Level of N-NH," (mg kg™)

Treatment Incubation time
week 1 week 2 week 3 week 4 week 5
UK 144,762 74,755 66,745 a 51,115 a 19,503 a
UHK 118,907 78,029 54,761 a 8,706 a 21,465 a
UT 145,461 84,157 93,944 b 98,950 b 48,619 b
UHT 139,045 92,980 105,057 b 96,292 b 56,815 b
Notes:

* Figures with the same letter in the same column are not significantly different at 5% level of Duncan's test
* UK = urea - field capacity, UHK = urea-humate - field capacity, UT = urea — flooded, and UHT = urea-humate - flooded.
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Figure 3. The effect of flooding on N-NH,"
Table 5. Effect of flooding on the availability of N- NO;
Level of N-NO;™ (mgkg™)
Treatment Incubation time
week 1 week 2 week 3 week 4 week 5
UK 131,064 b 96,426 66,341 a 96,264 47,399 c
UHK 111,497 ab 101,347 81,037 a 119,155 41,074 be
UT 101,100 a 99,944 76,571 a 48,649 37,568 ab
UHT 98,881 a 136,095 114,796 b 50,553 20,087 a

Notes:
* Figures with the same letter in the same column are not significantly different at 5% level of Duncan's test

* UK = urea - field capacity, UHK = urea-humate - field capacity, UT = urea — flooded, and UHT = urea-humate - flooded.
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Table 6. The effect of flooding on soil temperature

Temperature (°C)

Treatment Incubation time
week 1 week 2 week 3 week 4 week 5
UK 28,64 28,57 a 2529 a 2591 a 26,89
UHK 28,61 27,89 a 25,55 a 2563 a 26,65
UT 28,48 29,76 b 26,20 b 26,95 b 28,25
UHT 29,63 30,01 b 26,38 b 26,71 b 28,04

Notes:

* Figures with the same letter in the same column are not significantly different at 5% level of Duncan's test
* UK = urea - field capacity, UHK = urea-humate - field capacity, UT = urea — flooded, and UHT = urea-humate - flooded.

Effect of flooding showed that the solubility of N-NH," in
the treatment of urea and urea-humate decreased at week 2
and increased again at week 3, then decreased until the 5
week of incubation. Levels of N-NH," in the first week of
treatment urea 145.461 mg kg™’ decreased to 48.619 mg kg
at week 5. While urea-humate in the first week 139.045 mg
kg decreased to 56.815 mg kg at week 5. This suggests
that the flooding could lead to the availability of most
nutrients[22]. The statistical analysis in Table 4 shows that
during week 3, 4, and 5 of incubation, N-NH, " in flooded soil
treatment differ highly significant with the field capacity
treatment.

Higher N-NH," in flooding up to 5 cm compared to field
capacity condition may be caused by the high number of
ammonification bacteria and the low number of
nitrosomonas and nitrobacter bacteria on flooded soils[16].

Flooding at week 1, 3, and 5 significantly affect the levels
of N-NO;™ (Table 5). Decreased availability of N-NH," is
associated with the higher availability of N-NO; in week 1
and week 5 on the condition of field capacity, which is
significantly different from flooded conditions due to the
process of nitrification. Until week 3, the levels of N-NO5’
on urea-humate treatment on flooded soil are higher than
urca treatment. This is presumably because the pH on
urea-humate treatment for flooded soil also rose sharply in
week 2 reaching a pH value of 7.96. According Cyio[5] this
happens because there are contributions from organic
materials containing Fe that undergo changes from ferric into
ferrous and OH™ release from nitrate to nitrite by the
following reaction:

Fe(OH); + e - Fe(OH), + OH
NOg_ + Hzo +4e > NOz_ +20H

Furthermore, N-NO; decreased until the 5" week of
flooding in accordance with increasing pH value. This is in
accordance with opinions from Havlin et a/.[8] that pH more
than 7 spur N losses in the form of elements (N,). When the
soil flooded, it becomes anaerobic and some organisms
obtain O, from NO, and NOj by releasing N, and N,O.

Denitrification reaction that occurs is:

ENO{ —_ ENOQ- —_— INO —_ Ngo —_— NgT

C available are needed by microbial to change 2NO;™ to N,
or N,O. Denitrification will be higher when the temperature
rose from 25°C to 60°C. Given the maximum temperature of
the soil at the time of the study reaching 30°C (Table 6)
which indicates that incubation weeks 2, 3, and 4 were
significantly affected by the flooding treatment. On the other

hand, the value of N-NH," from urea-humate in week 5 is
still higher than the urea treatment both at the flooded and
field capacity condition. This suggests that the urea-humate
fertilizer is a slow release fertilizer.

3.5. The Relationship between pH, Eh, CEC, and
Temperature to the Availability of N-NH," and
N-NO5

Results of analysis of variance of multiple linear
regression equation is used to determine the effect of several
parameters (pH, Eh, CEC, and temperature) on the
availability of N-NH," and N-NO;". Equation for N-NH," is
as follows

y =26,128 x; - 0,058 x, - 0,680 x5 + 1,825 x4 - 95,119

(R*=0,964)

where y = N-NH,"; x; = pH; x, = Eh; x; = CEC, x4 =
temperature

This equation shows that the availability of N-NH, " is very
significantly affected by pH, Eh, and temperature. This is
supported by calculated F value of 47.386 with a significance
level of 0.000 and R* = 0.964 which indicates that 96.4%
availability of N-NH," is influenced by parameters observed.
This is in accordance with the opinion of Havlin et a/.[8] that
N mineralization depends on temperature, pH, and soil water
content.

While the results of the analysis of variance of multiple
linear regression equation for N- NO; are as follows:

y=1,542x,+ 0,061 x, - 2,193 x5+ 1,055 x4 + 210,743

(R*=0.,875)

where y = N- NO;’; x; = pH; x, = Eh; x5 = CEC, x4 =
temperature

This equation shows that the availability of N-NO;is very
significantly affected by soil Eh. This is supported by
calculated F value of 12.291 with a significance level of
0.003 and R* = 0.875 which indicates that 87.5% availability
of N-NOj" is influenced by the observed parameters (pH, Eh,
CEC, and temperature). This is in accordance with the
opinion of Sanchez[22] which states that nitrate becomes
unstable at the Eh value of +400 mV and +300 mV due to
denitrification.

4. Conclusions

Based on the results and discussion that has been done, it
can be concluded that:
1. The urea-humate 260 ppm in flooded conditions may
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increase soil pH and decrease soil Eh value,

2. The urea-humate in flooded soil, until week 5, still
produces higher N-NH," than urea, but the N- NO; levels
were higher only until week 3, and

3. pH, Eh, and temperature of the soil are factors that
affects the availability of N-NH," and N- NO;".
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