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ABSTRACT: A lab experiment was conducted to evaluate the
effect of different plant residues havmg varying (C/N) ratios and
nitrogen content. Both types of “N-labelled plant residues were
mixed with a sandy soil and incubated under different rates (0, 50
and 100 mg N Kg~ soil) at about 22°C for about 10 weeks in a
laboratory under aerobic conditions. Results showed that the organric
C and C/N ratios decreased with time up to 10 weeks period of
incubation at the rate of 50 and 100 mg N Kg” soil added as plant
residues, but N content increased at any given time until the end of
incubation, being followed the order: Soybean > (Wh + Soy) > wheat
residues. In general, data showed that the amount of biomass-N
gradually increased up to 4 weeks and thereafter, slightly decreased
for wheat residues at 50, 100 mg N Kg' soil until the end of
incubation period. However, the values of blomass-N was as low as
9.44 and 21.85 to as high as 21.22 and 32.27 mg N Kg" soil for wheat
and soybean res:dues—treated soil at 50 and 100 mg N Kg' soil,
respectively. Using '°N- technique results indicated that the of 15N-
mineralization percent for soybean increased overtime-N (narrow
C/N ratio) being more effective and snl)erlor compared to wheat
residue-N (wide C/N ratio) on the net of "N-mineralization through
out the time of incubation.

Key Words: Sﬂndy soil, Plant residues, C/N ratio, Net '"N-mineralization
and Microbial biomass-N
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INTRODUCTION

It is well recognized that the
organic matter content of soil is a
key attribute of its fertility. The
additions of organic materiais such
as, crop residues play and
umportant role in the recycling of
nutnients  (JAEA  2003). Plant
residues are essential for maint-
aining soil productivity acting as a
source of nutrients (Kumar and
Goh 2000). The SOM maintains
favourable soil physical, chemical
and biological properties - and
release nutrients to the soil mostly
through plant residues decomposi-
tion (Kumar er al, 2001; Goh et
al , 2001).

The decomposition of crop
residues in soil and their carbon
and nitrogen mineralization are
largely influenced by the quality of
plant materials, i.e. by their origin
and composition (Heal ef al,
1997). Several studies have shown
that the N content of crop residues,
or their C/N ratio, has a primary
effect on the net N mineralization
from residues (Abdelmagide and
Frankenberger, 1985; Constantin-
ides and Fownes, 1994;). As well
as, Janssen (1996), reported that N-
mineralization of organic products
strongly depends on  the
decomposability and the C/N ratio
of organic matter in the product.
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Trisoutrot  2¢ a4l (2000),
indicated that the dynamics of N
mineralization / immobilization
after incorporation of crop residues
in soil are mainly controlled by the
organic-N content or C/N ratio of
these residues.

Organic materials with C/N
ratio of about 25 or less (Keeney,
1985), or N content > 1.5%
(Hausenbuiller 1972) are required
for net N mineralization to occur
quickly. Moreover, Gentry et ai.,
(2001), reported that the net
mineralization of soil N appeared
to be influenced by boih quality
(C/N ratio) and quantity of residue.

The soil mincrobial biomass is
the. living organisms component of
the soil that comprises mainly
fungi and bacteria including soil
microfauna and algae. Although, it
accounts for only 1-3% of organic
C (Brookes et al, 1990) and 1-6%
of organic N in soil (Jenkinson,
1987), it plays a key role in soil
organic  matter and nutrient
dynamics by acting as both a sink
(during immobilization)and as a
source (mineralization) of plant
nutrient.

Because soil microbial biomass
and microbial activity are closely
related to soil organic matter
content, they are influenced
positively by organic amendments
such as crop residues and animal
manures (Ocio et al, 1991b;
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Collins et al, 1992, Nannipieri,
1994).

The relationship between soil
microbial biomass and gross N
mineralization was studied under
field conditions by Puri and
Ashman  (1998), reveled that
changes in the gross mineralization
- rate were not reflected in the size
of the soil microbial N Pool, which
remained essentially stable over 12
months. However, Bending efal.,
(1998) reported that quality
controls decomposition  and
mineralization by direct effects on
microbes responsible for these
processes, and measurement of the
size and N content of microbial
biomass could serve as a useful
predictor of N mineralization.

The aim of this work was to
assess  the changes in N-
mineralization and  microbial
biomass-N as influenced by
different quality of labelled plant
residues application under lab
condition at various incubation
periods.

MATERIALS AND
METHODS

An incubation experiment was
conducted in the plant Nutrition
and Fertilization Unit of the Soils
and Water Dep., Nuclear Research
Center, Atomic Energy Authority,
Inshas, Egypt.
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Soil;

The soil used was sandy in
texture having coarse sand 64.10%,
fine sand 26.4%, silt 2.70% and
clay 6.80%; pH 8 (1 : 25 soil:
Water ratio), 0.03% organic matter
and 0.0053% in total nitrogen
content (according to Jakson,
1973); available N(NH 4 + NO)
was 11.2 mg N Kg™' soil.

Plant residues labelled with '*N:

Wheat, soybean residues and
their mixture at a 1:1 ratio were
selected in this study, C/N ratios
being 4130, 2040 and 28.60,
respectively; “N-labelled in the
initial had 0.693, 0.060 and 0.339
atom % N excess for wheat,
soybean and mixture residues,
respectively.

Addition of plant residues to soil
and incubation:

A lab experiment under aerobic
conditions and about 22°C
temperature in to measure soil
organic C, N content, C/N as well
as "*N-mineralization and
microbial biomass-N at various
incubation periods for 10 weeks at
intervals: 0, 1,2, 3,4,6,8, and 10
weeks. The plant residues were
mixed with a sandy soil on the
basis of their N content at (0, 50
and 100 pg Ng"' soil) Plastic pots
under non-leaching conditions,
received portions of 25 g in weight
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of a sandy soil and received the

following treatments:

I. 50 and 100 ug Ng* soil as "°N-
wheat residue.

IL 50 and 100 pg Ng' soil as °N-
soybean residue. '

IIL 50 and 100 pg Ng' soil as
(*N-wheat + '’N-soybean
residues).

IV. No treatment {control}.

The moisture content of the soil-
plant residues mixture was adjusted
to 60% of their water holding
capacity (W .H.C).

Analytical procedures:
1- Determination of N
mineralizations:

The soil was extracted with 100
ml of 1.0M K,SO, (shaking time
1h) and the amount of mineral
N(NH', + NO73) was determined
by steam distillation (Bremner
1965).

2- Determination of biomass-N:

The chloroform fumigation
method (Jenkinson and Powlson,
1976) was adopted to estimate the
amount of biomass-N in the soil
treated with plant residues. Fresh
soil samples in quadruplicate
equivalent to 25 g oven dry weight
from each treated-incubated soil
were weighed in glass vials (4 cm
diam. X 8 cm in length). Half of
the samples were fumigated with
chloroform (CHCls) and other were
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left un-fumigated. For fumigation,
the moist soils were exposed to
alcohol-free chloroform vapour in
a desiccator lined with moist filter
paper for 24 h at 25°C, and the
chloroform was then removed by
repeated evacuation using a
vacuum pump and water pump. An
identical set of soil samples was
kept as non-fumigated control and
was treated similarly without
chloroform. The fumigated-and
non-fumigated soil were extracted
with  100ml of 1.0M K;80,
(Shaking time 1h) and the amount
of mineral N(NH', + NO7;) was
determined by steam distillation
(Bremner 1965).

Methods of calculation:

The amount of biomass-N was
claculated according to (Jenkinson
1988): Biomass-N = Fy /0.57.
where Fy 1s the flush of N-
mineralized by the fumigated soil
minus that by an unfumigated soil.

"N analysed by an automated
emission spectrometer NO I-6
(Yamamoro, 1981). The amount of
mineral N derived from the
labelled plant residues (TNdfr) was
calculated as total mineral N x
(atom % °N excess mineral N/
atom % "°N excess mineral N/atom
% "N excess plant residues). The
percentage of plant residue-N
mineralization was calculated as
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100 x TNdfr / total N applied as
plant residue.
Statistical analysis of the

results was carried out according to
Snedecor and Cochran (1982).

RESULTS AND
DISCUSSION

Soil organic-C content:

Results illustrated in Fig (1)
show the effect of plant residues
incorporated with sandy soil on
changes of soil organic carbon
content (g kg' soil) at different
incubation periods up to 10 weeks.
In general, data indicated that
different plant residues applied to
sandy soil as a N-source in two
rates, i.e, 50 and 100 ug g'1 soil
had a significant decrease effect for
all treatments on soil organic C
content. The gradually reduction in
organic C contents were shown
listed until the end of incubation
time. In addition, at any given time,
the  amount of C-residues
decomposed was
ascending order:
Wheat > (Wheat + Soybean)
residues > Soybean residues.

Dou and Jiang (1988) reported
that the presence of soil may
enhance decomposition through the
effect of organic acids on bacterial
activity and reduce organic carbon
decomposition through  the
fermation  of  organo-mineral

followed the
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complexes that are difficult to
degrade.

These results are in agreement
with that obtained by Chenetal,
(2003). They added that rice, corn
and alfalfa residues lost a larger
proportion of their original C than
cattle and pig feces.

After one week from incubation,
high decomposition of carbon
content was detected under both
nitrogen rates. On the other hand,
plant residues applied to the tested

sandy soil resulted the highest
value. of organic C content
comparing with control. Data

showed that the maximum organic
carbon decomposition in soil was
recorded after one day from
incubation. The amounts of rest C
were 3.440,1.980 and 2.610 g kg
at 50 mg N kg soil and 5220,
3.370 and 4.210 g kg™ at 100 mg N
kg’ for wheat, soybean and (wheat
+ soybean) residues comparing
with control, respectively.

The wvalues of carbon content
(Fig.1) in the (wheat + soybear)
residues treated soil ranged from
1.570 to 2.610 g kg' Inthe soil
amended with wheat residues it
was ranged between 1.840 1o 3.440
g kg' The lower value was
recorded when soil was amended
with  soybean residues which
ranged from 1340 to 1.980 g kg’
at 50 mg N kg’ soil, while at 100
mg N kg’ soil, the amounts of
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organic carbon decomposed ranged
from 2.660to 4.210, from 3.100 to
5220 and from 3.100 to 5220¢g
kg' when the soil mixed with
wheat straw +soybean, wheat straw
and soybean residue respectively.

Similar results were obtained by
(Rasmussen and collins, 1991) who
found that soil C decreased with
time for all residues additions
except manure, and the rate of
decrease was related to the level
but not the type of residue returned
to the soil. Several studies showed
that organic C in soil responded
linearly to an increased rate of
residue addition (Larson et al,
1972: Black, 1973; Rasmussen, et
al., 1980, Karlen, et al., 1994).

N-Content:

Data illustrated in Fig.(2) show
the effect of plant residues
amended sandy soil on changes of
nitrogen content g N kg™ soil at
different incubation periods for 10
weeks.

Results  showed that N
decomposition  in  the  soil
significantly increased  with

consequent smaller loss of N due to
the application of plant residues
and so, the N increments were
remained nearly constant at any
given time until the end of the
incubation period application under
50 and 100mg N kg’ soil on the
basis of N content in the plant
residues.
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The value of N content was as
low as 0.047 g kg™ to as high 0.107
g kg’ in the control soil and
soybean amended soil, respectively
after 10 weeks of incubation under
50 mg N kg' soil. While, at 100
mg N kg soil, it was 0.047 g kg
and 0.164 gkg" in the control and
soybean residue amended soil,
respectively.

Data showed that N content
remained in soil had significantly
increased with increasing plant
residues rate applied as N at the
rats of 50 and 100 mg N kg™’ soil.
The amounts of N content
remained in the soil after one day
of incubation were 159.38, 18125
and 171.88% at 50 mg N kg’ soil,
while at 100 mg N kg™ addition
rate treatment to the soil they were
28438, 328.12 and 321.88% for

wheat, soybean and mixture
residues over the control,
respectively.

The highest N content in soil by
the end of the incubation followed
the order: Soybean > (wheat +
soybean) > wheat residues.

Overall, these results came to
agree with those obtained by
Broersma, et al., (2000) who found
that the decomposition of '“N-
labelled residues followed the
trend: Fababeen > barely > fescue.
Which pointed out that fababeen
residues with a high N content and
low C/N ratio decomposed more
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rapidly and released more '°N than
barley or fescue residues.

C/N ratio:
Data illustrated in Fig.(3) show
the effect of plant residues

amended sandy soil on changes of
C/N ratio at different incubation
periods for 10 weeks.

Results showed that the applica-
tion of plant residues, in general, as
expected significantly reduced the
C/N ratio of N-residues and hence
in the soil O.M it self. Under the
rate of 50 mg N kg™ soil, the C/N
ratio of the added plant residues
that were initially 41.45, 30.71 and
22.0 by the end of the incubation
pertod were narrowed to 19.78,
1481 and 1252 comprising
diminution  percents of about
52.27%, 51.77% and 43.10% for
wheat, wheat + soybean and
soybean residues, respectively.
Under the rate of 100 mgN kg
soil addition the corresponding
reduction in N-residues mounted to
48.87%, 47.35% and 455.49%.

Consequently, soybean residues
are having a significantly lower
C/N ratio than all of the other plant
residues at all the time of
incubation.

These results came to agree with
those obtained by (Parr and
Papendick, 1978) who found that
plant residues with higher C/N
ratio are usually considered to
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decompose more slowly (wheat
residues) than those with low C/N
ratio (soybean residue).

Heal ef al, 1997, Swiftetal,
1979 reported that the quality of
plant materials has been considered
one of the most important factors
that affect decomposition and
nutrient release. As well as,
Broersma ef al, (2000) reported
that total plant C, N and C/N ratios
of plant residues were significa-
ntly different between plant
species. In most cases, O.M with
lower C/N ratios showed a higher
rate¢ of N mineralization. For
agricultural crops, plant materials
with N concentrations greater than
1.7% or C/N ratios less than 20 are
considered  desirable (Franken-
berger and Abdelmagid 1985).

Chen et al, (2003) reported that
the C/N ratios of all matenals (rice,
corn and alfalfa) decreased during
the decomposition.

Net **N-mineralization:

Data illustrated in Fig.(4)
demonstrated that the percent ’N-
mineralized from the plant residues
added at the rates of 50 and 100 mg
N kg soil increased with the time
for all treatments.

At the end of incubation periods
(10 weeks), the rested treatments

‘added at the rate of SO mgN k%‘\;

soil, 25.43, 19.04 and 15.33% '
were mineralized from soybean,
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wheat+ soybean mixture and wheat
residues respectively. While at the
rate of 100 mg N kg™ soil 27.64,
2313 and 17.62% "N were
mineralized from soybean, wheat +

soybean mixture and wheat
residues respectively.
The proportions of N

mineralized under the two doses of
N were significantly different. The
decomposition of "“N-labelled
residues followed the trend:
Soybean > (Wheat + Soybean) >
wheat residues.

Soybean residues with the
highest N content and lowest C/N
ratio decomposed more rapidly and
released more '°N than (wheat +
soybean) or wheat residues.

Regarding, the relationship
between the different types of plant
residues, data showed that the net
N-mineralization from plant
residues increased significantly
with time of incubation, under the
different N rates of plant residues.

The amounts of net “N-
mineralized after 10 weeks were
18.71, 3573 and 25.20%, and
32.43, 37.97 and 32.20% at 50 and
100 mg N kg soil by addition of
wheat, soybean and (wheat +
soybean) residues, respectively.

These results are in agreement
with those obtained by Broermsa,
et al, (2000) who found that after
20 weeks 14.0, 10.5 and 7.1% of
N was mineralized from

El-Sherbieny, et al.

fababean, barely and fescue
residues, respectively,  when
averaged across cropping systems,
Also, Jensen, (1997) reported that
the net mineralization of residue-
derived N was 2% for barely and
22% for the pea residues treatment
after 24 days of incubation.

However, under laboratory
incubations, Handayanto et al,
1997, reported that up to 70% of
the N from legume prunings was
released within 3-4 months. In
addition, plant residue C/N ratio,
polyphenol and hignin content were
negatively correlated with residue
decomposition and N-release rates
(Palm and Sanchez 1991, Tian et
al, 1992; Jama and Nair 1996;
Kumar and Goh 2000). The initia}
plant residue C/N ratio was
reported as the best indicator of
residue decomposition and N-
mineralization for a wide range of
plant residues compared with other
biochemical variables (Seneviratne,
2000).

In addition, Soon and Arshad
(2002), reported that wheat straw
decomposed more slowly than
Canola or pea straw (Losing N
averages of 12%, 24% and 25%),
respectively.

Soil microbial biomass-N:

Data illustrated in Fig.(5)
showed that at any time of
incubation periods, the addition of
plant restdues increased
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significantly in the amount of
microbial biomass-N. However the
pattern of change in microbial
biomass N wvaried with time of
incubation and type of plant
residues  amendment. In all
treatments, the amount of biomass
N in wheat straw-treated soil and
control markedly increased rapidly
within 14-28 d (2 -4 weeks) and
then decreased with time whereas
that in the soybean and mixture-
treated soil significantly increased
with time of incubation (10 weeks).

Soil amended with plant
residues enhanced  biomass
formation (Fig.5). The increase in
the amount of biomass N by the
addition of plant residues at the
time of maximum formation was in
the range of 16.1-21.85 mg N kg”'
soil at 50 mg N kg soil, 24.56-
3227 at 100 mg N kg soil added
as plant residues at 22°C.

The maximum amount of
biomass N was recorded when soil
amended with soybean plant
restdues followed by (soybean +
wheat straw) residues and then
wheat straw.

The decomposition of the plant
residues proceeded  rapidly
probably due to the higher
microbial activity and the high
activity of the microorganisms
enhanced assimilation of available
nutrients. It may be considered that
at 22°C (at lab temp.) easily
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decomposable organic substances
were decomposed rabidly and the
released nutrients were probably
immediately immobilized into the
microbial body. Furthermore, it is
assumed that due to the rapid
assimilation of nutrients a part of
the organic substances was directly
absorbed by the microbial biomass.

These results are in agreement
with those obtained by Patra er a/,
(1992) who found that the amount
of biomass N was significantly
larger with the cowpea straw
amended soil as compared to wheat
incorporation. Also, these resuits
are in agreement with those
obtained by Armstrong, et al,
(1998); Azmal, ef al., (1996 ab)
and Ocio, et al, (1991) who
reported  that soil microbial
biomass N was increased following
the application of plant residues to
the soil.

CONCLUSION

This study my provide a greater
understanding of microbial activity
and N dynamics in soil after
application of plant residues, and is
higher in  soil  receiving
legumenous crops than on non-
legumenous crops or non-treated
soil.

The application of plant residues
enhanced microbial  biomass
formation as well as the
assimiiation of available nutrients.
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