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Nutrients Dynamics in Komatsuna (Brassica campestris 1..) Growing Soil Fertilized
with Biogas Slurry and Chemical Fertilizer Using°N Isotope Dilution Method
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Abstract: Efficient liquid shurry land application requires knowledge of nutrient content, proper application rate
and crop needs. An improved understanding of the cyeling of biogas slurry N is a prerequisite for making better
use of this N source. The efficiency of mtrogen (N) derived from biogas slurry must be determined to optimize
use of N and reduce mmpact on the environment. Keeping in view, a pot experiment was initiated to estumate crop
N uptake from biogas slurry and chemical fertilizer that applied to Komatsuna (Brassica campestris 1..) using
PN isotope dilution method. In this experiment 180 kg N ha™ of 1.0 atom % “N excess ammonium chloride was
used. Nitrogen derived from biogas slurry (Ny;) and recovered-N (N,;) in Komatsuna was measured to know
the effects of applied slurry on the performance of the crop and nutrient dynamics i a Brown Lowland Soil,
Fluvisols west Japan. It was found out that '"N uptake was slightly higher in chemical fertilizer compared to
slurry application. Tn addition, N uptake derived from chemical fertilizer (N;,) was better than that taken from
soil (N, Fertilizer use efficiency (FUE-"N) was lower in slurry treatment (47.2%) than chemical fertilizer
(65.9%). The relative efficiency (slurry use efficiency/chemical use efficiency *100) was varied m Komatsuna

roots and leaves.
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INTRODUCTION

An important objective of the use of “"N-enriched
fertilizers in agricultural research is to develop criteria for
the efficient use of mtrogenous (N) fertilizers. By
comparing different fertilizer sources and types of
application, the efficiency of this fertilizer can be assessed
n terms of increasing plant uptake and reducing losses of
applied N from the soil-plant system. The improved
utilization of biogas slurry has a central role to decrease
the environmental risks of farming. More efficient
utilization of the nutrients reduces the mineral fertilizer
applied and the influence of the surrounding environment
(Thomsen et al., 1997). Biogas shurry contains valuable
plant nutrients and is important for the N cycle in
agricultural systems. Knowledge of the direct and the
subsequent longer-term tumover of N derived from
slurry are important to maximize crop utilization and
minimize losses of nitrate to the environment
(Sikora and Enkiri, 2001). Several studies have shown that
slurry may induce immobilization of soil N after
application (Opperman et al., 1989, Paul and Beauchamp,
1993). One of the factors affecting N immobilization is

volatile fatty acid in the slurry (Kirchmamm and
Lundvall, 1993). The sustainable agriculture is based on
adoption of farming practices that recycle biogas slurry.
The rate of available nitrogen (N), which 1s released from
organic materials in soil, 1s often measured by applyng
"N and following its recovery by the growing crop.
However, the turnover of labeled N in so1l modifies the
ratio of labeled to unlabelled available N and thereby
affects the uptake of “N by plants (Fillery and Recous,
2001). To maximize the benefit of sturry for crop use and
efficient soil fertility management, it is essential to
understand and quantify the dynamics of N and other
nutrients from slurry. The research on plant N uptake from
organic residues is limited due to methodological
difficulties. Non-isotopic methods can provide useful
agronomic information on the quantity of N available to
the crop: N uptake by the crop i1s measured in the
presence and absence of added residues and the
difference is attributed to N mineralized from the residues.
N release n practical situations is often small compared
with total crop uptake so the precision of measurement 1s
often void (Powlson and Barraclough, 1993). Tn addition,
it is impossible to trace the flow of residue-derived N
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through soil pool without isotopic labeling and losses can
only be determined if all possible pathways are measured.
Extensive research has been done on the mnpact of
various orgamic materials such as rice straw, compost and
green manure on nutrient dynamics (Eghball, 2000,
Choi et al., 2001). However, the detailed N uses efficiency
and biogas slurry nutrient dynamics using a direct method
with "N isotepe dilution method is well understood.

Komatsuna (Brassica campestris 1..) is a typical
Tapanese leafy vegetable. Tt is often called Japanese
mustard spinach 1 the US supermarkets. Young leaves,
stalks and flower shoots are used in salad and stir-fry. It
1s also very popular for salt pickling in Japan. Komatsu is
a fast-growing vegetable and is ready for harvest 35 days
after sowing in warm climates. Plants can be grown round
the year in temperate and subtropical areas. An unlikely
relative of the turip family, this large leafy green is grown
almost exclusively in Japan, Taiwan and Korea. The
purpose of this research was to check out the effect of
biogas slurry application as fertilizer for Komatsuna,
nutrient dynamics and N uptake using "N isotope dilution
method.

MATERIALS AND METHODS

Slurry characteristics and experimental layout: A pot
experiment was carried out at the Elmme University Farm,
Japan. Soil used from upland field (Low fertile, Brown
Lowland Seil, Fluvisols, (in FAQ/ UESCO), taken from
Ehime University Farm. The soil had pH (H,O) of
6.28, EC (dSm™") of 0.37, T-C of 1.46 %, T-N of 0.15 %,
Olsen-extractable of 0.18 % and CEC of 6.40 cmol (+) kg .
The composition of biogas slurry (mainly cattle manure
and waste of dairy products, which collected from
Yagi-town, Kyoto, Japan) 13 shown in Table 1. Two
treatments were set up in a completely randomized design:
(1) the biogas slurry at the rate of 150 kg N ha™ was
applied at different intervals (8 times) and (2) the control
(chemical fertilizer labeled with 1.0 atom % excess "NI,CI,
99.70 atom % "N). The tracer N was applied at the rate of
0.10 g m™* equivalent rate of "NH,C1, 99.70 atom %
injected into slurry treatment soil thoroughly. Slurry was
applied m liqmd form by mixing with the soil Tlus
technique can mimmize NH,; volatilization, thereby
increasing N use efficiency. Only phosphorous was
applied to slurry treatment at the rate of 150 kg ha™ on
dry soil. Control treatment was amended with NPK
fertilizers at the same rate of 150 kg ha™ applied to dry
soil. Plants were raised in 1/5000a Wagner’s pots filled
with 3.0 kg dried soil. Komatsuna (Brassica campestris 1..)
was grown in soil using a completely randomized design
with five replicates. Ten seeds of Komatsuna were planted

Table 1: Chemical characteristics of biogas shirry * used in the experiment

Characteristics Values
pH 7.60
EC (mS m™") 1700.00
Organic N (%) 0.11
NH,*N (mg L) 1800.00
NO,-N (mg L) 0.02
NOs-N (mg L") 15.00
C/N ratio 4.80
Phosphate (mg L™) 180.00
K (mgL™h) 0.57
80,7 380.00
Total C (%) 1.40
Total Fe 560.00
Volatile total solids (%) T0.60

* Biogas slumry (mainty cattle mamire and wastes of dairy products, which
collected from Yagi-town, Kyoto, Japan

per pot. Germination was completed in 7 days. After
emergence, plants were thinned to four plants per pot.
The crop uptake of labeled biogas slurry N was compared
with the uptake of “N-labelled mineral fertilizer in the
respective treatment.

Plant harvest and chemical analysis: The harvest was
taken after 47 Days After Sowing (DAS). After harvesting,
Komatsuna plants were dir-dried mto oven at 80°C for
48 h. Samples were weighed to determine dry matter
production and cut mto small pieces and pulverized for
chemical analysis. A CN analyzer determined total plant N,
while “N/“N-isotope ratio was determined by mass
spectrometry. In addition, P, K, Ca, Mg and NO,”
concentrations in plants were also measured. N derived
from biogas slurry (Ny), from chemical fertilizer (N ), from
soil (Ny) and N recovered from biogas slurry was
calculated. The soil was analyzed for total N, C and "N
after harvest to determine the recovery of fertilizer N in the
soil-plant system and quantify its losses.

Derived and recovered N: Percentage and amount of N
derived from biogas slurry, chemical fertilizer and its
recovery n Komatsuna was calculated as follows:

Derived-N (%) = (**N atom % excess of N)/(*N atom %
excess of applied N) x 100, Derived-N (mg) = (N atom %
excess of N)/A('"N atom % excess of applied N) x total-N;
and N recovery (%) = (amount of derived-N, mg)/{amount
of applied-N, mg) » 100 (Hauck and Bremner, 1976;
Barrachlough, 1997; Hood et al., 1999). Measurement of
"N in plant samples from the plots without application of
slurry was used to determine the background enrichment
used in the calculations.

N yield (mg pot™) of each plant part was calculated as
follows:
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N yield (mg pot™) = dry matter (g pot™) x N content
(mg g~"¥100. The crop uptake of labeled biogas slurry N
was compared with the uptake of "N-labelled mineral
fertilizer mn the reference treatment.

Statistical analysis: The data collected were subjected to
the statistical analysis appropriate to the design. The
availability of “N in biogas shury was related to the
availability of mineral fertilizer "N by calculating the
Mineral Fertilizer Equivalent (MFE): MFE = (% uptake of
PN from slurry) » 100/(% uptake of "N from mineral
fertilizer) (Christensen, 1996). The significance of
difference between slurry application and chemical
fertilizer was estimated using the Tulkey test with p = 0.05.
A statistical analysis was performed using SAS software
(SAS Institute, 1985).

RESULTS AND DISCUSSION

Dry matter and N yield of komaatsuna: Dry matter
production of Komatsuna at harvest stage is given in
Fig. 1. The dry weight of Komatsuna showed similar
pattern in both chemical fertilizer and biogas slurry
treatment. However, biogas slurry showed a lugher leaves
dry weight compared with chemical fertilizer treatment.
Nitrogen content in plant part varied among the
treatments (Fig. 2). The N content m leaves and roots
were higher in labeled chemical fertilizer compared with
slurry treatment. Moreover, the N concentration was
highest in leaves than root.

"N uptake and recovery: The "N uptake from labeled
chemical fertilizer and slumy application is shown in
Fig. 3. Similar to N content, "N uptake was higher in
chemical fertilizer treatment than slurry. There was
significant difference between the treatments. As shown
in the figure that the N uptake varied between the leaves
and roots. N uptake derived from chemical fertilizer (Ny.)
was higher than taken from soil (Ny;) as shown in Fig. 4.
Using the uptake rate of "NH,Cl as the uptake rate of
chemical fertilizer N, the relative efficiency of slurry could
be defined as the relative uptake of slurry/uptalke of
chemical fertilizer. The calculated relative efficiency was
higher in Komatsuna roots (142.3%) than leaves (73.8%).
Nitrogen from many organic fertilizers often shows little
effect on crop growth when applied, because of the
slow-release characteristics of orgamically bound N.
Furthermore, N immobilization can occur after application,
leading to an enrichment of soil N pool. However, this
process finally increases the long-term efficiency of
slurry. In the present study, the application of slurry was
used for only short-term. N release from organic fertilizers
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Fig. 1: Dry matter production of Komaatsuna as affected
by chemical fertilizer and biogas slurry application.
Means within a column following by same letter
were not significantly different (Tukey-Kramer
test: p<<0.05)
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Fig. 3: "N uptake of Komatsuna at harvest stage as
affected by chemical fertilizer and slurry
amendments

measured as Mineral Fertilizer Equivalent (MFE), varied
greatly from 0 % (some composts) to nearly 100 % (urine).
The most important indicators to be used for predicting
the short-term availability of N are total and NH,-N
contents, C:N ratio (especially of the decomposable
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Fig. 6: Total nitrogen so1l and carbon 1 the upper 10 cm
of so1l as affected by chemical fertilizer and slurry
amendments

organic fraction) and stability of the organic substances.
Composting reduces mineral-N content and increases the
stability of the orgamc matter, whereas anaerobic
fermentation increase NH,-N content as well as the
stability of organic matter, but decreases C: N ratio
remarkably resulting in a product with a high content of
directly available N.

“N use efficiency: Nitrogen use efficiency (FUE) as
affected by slury and labeled chemical fertilizer
application 18 shown in Fig. 5. In general, FUE calculated
by “N isctope dilution methed (FUE-"N) varied between
the plant parts. Komatsuna leaves use efficiency using
"N dilution method (FUE-"N) estimated to be 65.9 % on
chemical fertilizer compared to 47.2 % on slurry treatment.
The lower slurty efficiency mostly attributed to ammonia
volatilization (Serensen and Amato, 2002). This
phenomenon usually occurs during the first few days
following slurry application (Sommer and Hutchings,
2001). Similarly, Serensen and Amato (2002) found out
that NH; volatilization losses account for up to 40 % of
slurry-added “NH," on the day of application. Tn our
study, the low dry matter content of the slurry, the
application of liqud slurry and mixing it immediately with
surface soil (1-2 e¢m depth) depressed the ammonia
volatilization (Sommer and Hutchings, 2001). Ammonia
volatilization occurs shortly following application of
slurry. Up to 40% of NH,™-N can be volatilized even within
a few hours (Meisinger and JTokela, 2000). Several slurry
and soil characteristics modulate the intensity of this
process and their net effect on volatilization 1s still hard to
predict. After NH, volatilization, demtrification and mtrate
leaching are the most likely mechanisms of slurry N loss
from the soil-plant system (Chadwick et al, 1998;
Chantigny ef ai., 2001).

Inorganic soil nitrogen: Measured soil NH,"-N after
harvesting for all depths (0-5 and 5-10 cm) was between
6.0 to 17.0 mg kg™ and no significant difference was
found after slury application and are therefore not
presented. Chemical fertilizer and slurry tended to increase
soill NO,™-N level. However the chemical fertilizer effect on
topsoill NO,-N level was lower than that of biogas slurry.
This difference in behavior was probably due to the fact
that NO,”-N applied as inorganic fertilizer that
immediately solubilized in soil and therefore more
susceptible to downward movement within the soil profile.

Build-up of total N and C in the soil: Biogas slurry
produced an increase of total nitrogen and total soil
carbon (Fig. 6). Slurry application showed a higher total
soil N (0.097 g kg™") compared to chemical fertilizer
{0.081 gkg™). Toetal soil C in slurry treatment (1.62 g kg™
was also higher than chemical fertilizer (1.08 g kg™"). This
result suggest that the increase in carbon signifies an
improvement in the quality of the soil and shows that
the soil can help store carbon which may have
implications for reducing greenhouse gases. Most of the
nitrogen is organic and represents a stable pool in the
soil (Choi et al., 2001).
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Table 2: Total P, K, Ca and Mg (g kg~! DW) in Komatsuna as affected by
chemical fertilizer and slurry application.

Amendments Leaf Root Total

Chemical fertilizer 0.462b 0.348b 0.810b
Biogas slurry 0.888a 0.438a 1.326a
Chemical fertilizer 59.800a 47.900a 107.700a
Biogas slurry 52.300a 39.800b 92.100b
Chemical fertilizer 27.300a 12.800a 40.100a
Biogas slurry 22.500b 11.700b 34.200b
Chemical fertilizer 3.410a 3.380a 6.790a
Biogas slurry 3.08b 3.210b 6.290b

DW: Dry Weight. Means within a column followed by same letter(s) were
not significantly different (Tukey-Kramer test; p<0.03)
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Fig. 7: Effect of chemical fertilizer and slurry application
on NO,-N content in Komatsuna leaves

Availability of plant nutrients: Liquid slurry contains
macro- and micronutrients that enhance the soil chemical
and physical properties. The total P, K, Ca and Mg
concentrations in Komatsuna leaf and root are mentioned
i Table 2. The data showed that the total K, Ca and Mg
concentrations were higher n chemical fertilizer compared
to slurry application and there was significant difference
between the treatments. On the other hand, the
application of the slurry increased the plant concentration
of P. Biogas slury contains significant concentrations of
N, P and K and their utilization for crop production is
beneficial in terms of nutrient recycling and reducing
comimnercial fertilizer use. The distribution of moeisture,
degradable C and N after application of slurry can affect
the tumover and plant availability of slurry N. There were
many factors affecting the release of nutrient availability
for Komatsuna such as, chemical composition and C to N
ratio of added slurry and such external factors as soil and
climatic conditions where the experiment was conducted
(Constantinides and Fownes, 1994). Nitrogen is the main
limiting factor for most field crops and mtrate 1s the major
form of nitrogen absorbed by crop plants. Farmers often
use nitrogen fertilizers to increase crop yields.
Consequently, many vegetables and forage crops
accumulate lngh levels of mitrate. The effect of application
of chemical fertilizer and slurry application on NO;™ plant
content is shown in Fig. 7. Nitrate content in Komatsuna

leaf ranged from 460 mg NO, kg™ DW in slurry compared
to 580 mg NO, kg=' DW in chemical fertilizer.
Nevertheless, the conventional Komatsuna contained
significantly greater mtrate than orgamic spmach,
suggesting that nitrogen fertilizer applications might be
the main cause of the difference. As slow release nitrogen
fertilizers, some organic fertilizers may reduce mitrate
accumulation in plants. However, easily decomposable
organic fertilizers such as blood meal and guano might
increase nitrate accumulation in the same way as
conventional chemical fertilizers (Termine ef af., 1987).
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