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ABSTRACT

This study has been carried out through an experiment conducted at EI-Giza Agricultural Research Station to examine the
short-term effects (3 years) of two cropping patterns-based on intercropping system and N fertilization on quantifying of crop&
soil carbon sequestration and soil carbon dioxide emissions targeting to test the ability of this management to mitigate global
warming which produced from increased concentration of atmospheric CO,which would essentially reflect upon climate change
mitigation .Also, the impact of soil temperature and moisture changes as factors affected such emissions have put into
consideration. The first intercropping pattern has been sunflower/cowpea (Helianthusannuus, va.Sakha, 53/Vigna unguiculata.
local).Second intercropping pattern has been wheat/peas (Triticum aestivum L va, Sakha 94/Pisum sativum Lva, Master b.).The
first intercropping pattern has been arranged in 2:2,2:3 rows of sunflower: cowpea, sole sunflower and sole cowpea (4
configurations) while the 3: 2,5:2 rows of wheat: peas , sole peas and sole wheat (4 configurations) have been done for the
second pattern. The N-fertilizers have been urea and ureaform (slow release nitrogen fertilizer); in rate of 60kg N fed*for
sunflower/cowpea intercrop,110 kg N fed™ for wheat/peas intercrop, 30 kg N fed*forsole sunflower and 30 kg N fed *for sole
cowpea from urea added for every season.100kg N fed™ for sunflower/cowpea intercrop,50kgN fed™ for sole sunflower and
50kgN fed! for sole cowpea from ureaform added for every two seasons. Wheat/peas intercrop; sole wheat and sole peas (in
second season) have not been taken N-fertilizer but grown on the residual ureaform-N. Soil CO, emissions have been weekly
measured from October 3", 2010 to May 9", 2013, us ingstatic chamber technique. Such emissions have been absorbed through
NaOH followed by HClI titration. Also, soil temperature and moisture have been weekly recorded. Soil sampling after harvest has
been taken to determine some physical and chemical properties. After three years of practicing this management, the results
indicate that, under the conditions of this experiment, soil temperature varied between 12and 45C° at 5 cm depth, soil moisture
varied between 2 and 55% at the same depth. Statistically, they have shown no or poor correlations with soil emitted-CO,.The
quantities of soil-CO, emitted from irrigated plot treatments and determined in summer seasons have been higher than those of
non-irrigated ones and those determined in winter seasons. Intercrops patterns and UF fertilizer have been contributed to obtain a
lower emitted CO, quantities from soil compared to sole crops patterns and urea fertilizer. The obtained yield from intercrops
patterns treatments and UF fertilizer have been higher than those of sole crops patterns ones and urea fertilizer. Intercrops
patterns and UF fertilizer have been found to be efficient in increasing sequestered carbon either in crop biomass or in soil; the
crop sequestered-C relative increase for intercrops to sole crops values have seasonally varied between 42.06 and 77.75% for
sunflower /cowpea intercrops and between -12.01 and 0.46% for wheat/peas ones. The crop sequestered-C relative increase for
UF to urea values have varied between 6.78 and 10.51%under sunflower/cowpea intercrops and between14.60 and30.05 % under
wheat/ peas ones. ..Regarding soil sequestered carbon over 3 years ,sequestered-C relative increase for intercrops to sole crops
has amounted 5.83% and for UF to urea amounted 47.08%.The marked gradual improvement in soil organic matter content, EC,
pH, BD, available-N, stable aggregates% and porosity have positively reflected on changes in the soil sequestered carbon
quantities.

Keywords: ureaform; slow release fertilizer; urea; intercrops; sole crop; emitted CO,; sequestered-carbon.
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reservoir for storage of organic carbon (OC) (Flach et (Hutchinson ef al., 2007). Smith and Falloon(200 g

al., 1997; Paustian et al., 1997a, 1997b; Lal et al, 1998;
Bruce et al.,1999; Sperow et al., 2003). The soil C gool
naturally comprises soil organic C estimated at 1550 Pg
g peta gram =10~ g = 1 billion ton) and soil inorganic

approximates 750 Pﬁ both to 1 m depth. This total soil
C pool of 2300 Pg is three times the atmospheric pool of
770 Pg and 3.8 times the vegetation pool of 610 Pg
(Batjes, 1996). Then soil or%anlc C pool has a great
potential to store sequestered C. However soil organic C
was usually prone to depleting due to land misuse and
inappropriate management for the long history (Qingren
Wan(]J et al., 2010%.In this respect, Intergovernmental
Panel on Climate Change (1995) documented estimates
that globally agriculture emits about 20% of all emitted-
carbon dioxide. Alvarez et al.(1998) reported that
increased agricultural intensification and the adoption of
sole crop production systems in the Argentine Pampa
during the past 40 years reduced levels of soil or?anlc
matter up to 50%.LPI (2000)stated that most croplands
lost 30-40 Mg C ha" and most degraded soils lost 40-60
Mg C ha".Lal(2001)calculated a reduction in soil C
pool by 1 Pg is equivalent to an atmospheric enrichment
of CO, by 0.47 ppm. On the other hand, Tans et
al.,(1990) calculated the potentiality for increasing C as
CQ; storage into soils and found that it equals 1.3 — 2.4
10" metric tons of carbon year™. Lal (2004) determined
that much of the historic C'loss (about 66-90 Pg C) from
the soil can be restored via C sequestration in 25-50

reported that the potentiality for carbon storage ip
European  cropland is about 90-120 Tg Cyear .
Estimation of C sequestration potential on crop land
under corn in the Piketon County, Ohio, USA was
8.53 £ 0.2 Mg ha™(Adhikariet al., 2013).

~ To optimize the efficiency of C sequestration in
agriculture sector, cropping systems such as crop
rotation, intercropping, cover cropping, etc., play a
critical role by influencing optimal yield, total increased
C sequestered with biomass and that remained in the
soil (Kimbleetal.1998; Qingren Wang et al., 2010;
Smith et al., 2000; West and Post, 2002 and Lal, 2004).
Intercropping s¥stem is one of the most powerful tools
to pull carbon from the atmosphere and sequester it in
the soil for long-term storage because it is able to utilize
sunlight with an adequate spatial distribution of various
plant architectures and produce greater biomass either
above or below-ground per unit area than single crops
as a result of complementarities in resource use and
facilitation between component crops (Kong et
al.,2005).Intercropping means growing of two or more
crops simultaneously on the same area of land with a
definite row pattern and is predominant in the regions of
dry, humid and semi-arid tropics(Sharma and Behera,
2009).Currently, it is also reco%nized in temperate areas
(Hauggaard- Nielsenet al.,2001).Although little is
known about C sequestered in intercropping practices,
recently some studies conformed it. Mungai and
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Motavalli (2006) observed that legume-based inter
cropping systems S|gn|f|cantI%/ increased the retention of
C in the soil. Makumba (2007) found that sequestered C
in  gliricidia-maize intercropping  system varied
between123 and149 Mg C ha™ and was 1.6 times more
than in sole-maize. Fang et aI.(20110) stated that
sequestered C reached 16.7 ton C ha™ for the poglar-
Yvheat—soybean intercropping system and 18.9 ton C ha
for the poplar wheat—corn one. .

Soil Sequestration is a complex process that is
influenced by many factors, such as soil temperature &
moisture and nitrogen fertilization. As regard
temperature effect, Kirschbaum(1995)pointed out that
the potential increase in CO, release from the soil
caused by future elevated temperature may have a
positive feedback effect on the atmospheric' CO, and
global change. Besides temperature and moisture effects
on soil or ecosystem respiration (soil CO, emissions)
are acted simultaneously; Fang and Moncrieff (2001);
Xu and Qi (2001); Reichstein et al., (2002); Qi et
al.,(2002); Janssens and Pilegaard (2003) reviewed,
described and revealed that the dependence of soil
respiration rate may be varied as the variation in
moisture and temperature changes and the interaction
extent between each other.

As for nitrogen fertilization, Wang and Bakken
(1997) found that the addition of mineral N-fertilizer
might not only increase plant biomass production but
also microbial biomass and microbial activity. The latter
effect could enhance the decay of soil organic matter.
FAO (2004)point out to some studies in Argentina,
India, Kenya and Nigeria which illustrated that
inorganic fertilizer used alone to increase nutrient
supply for crops results in declines in soil C in all
s%/stems. This hypothesis has recently been su&aported_b
the study of Khan et aI.,éZOO? who showed that hig
mineral fertilization (NPK) led to significant losses of
soil organic carbon during 51years of continuous maize
cropplr_llg at the Morrow plots (lllinois, USA).

he applied nitrogen fertilizers in this study are
urea as soluble form and ureaform (UF? as slow release
fertilizer. The first one is a known fertilizer with several
roblems; N-volatilization, N-leaching, N-pollution and
ow fertilization efficiency. The second one is a
condensed urea molecules Froduct as a result of reaction
between urea and formaldehyde consisting of short
chains from methylene-di urea to tetra methylene-penta
urea and synthesized by Abbady et aL,ﬁlQQZ).AIexander
and Helm (2007) reviewed several trial results with UF
Efoducts showing the beneficial effects of the particular
ind of slow release nitrogen fertilizer in meeting needs
for improved fertility management and reduced N-
ollution for agro-ecosystem. Abbady et al.,(1997),
egazy et al.,(1998) , Abbady et al.,(2003),Abbady et
aI.,%ZOOS) and Abd El-Aal et al.,(2 O_S%reported that
application of UF led to increase yield with 10-30%. _
Because of enhancing eneggy consumption
efficiency is a one of the tools used to sequester or
lower CO, emissions to atmosphere, more recent studies
of Abbady et al.,(2011)and Abbady et al.,(2013) paid
attention to the importance of UF as slow release N-
fertilizer application in enhancing such efficiency and
lowering CO, emissions produced indirectly from using
urea or other conventional N-fertilizers.

The objective of this study is to determine the
effect of intercropping system practice and N
fertilization on crop groduc_tlv_lty, soil &crop carbon
sequestration and soil CO,emissions.

MATERIALS AND METHODS

~ The experiment has been conducted at EL-Giza
Agricultural Research Station .The soil of study site has
been classified as Typic Haplotorrerts, fine,
hyperthermic, according to USDA, 2006.Some chemical
and physical properties have been recorded in Table
(1).The experiment has been initiated during the
summer season of three consecutive years (2010-2013)
with sunflower/cowpea (Helianthus annuus

L.va.Sakha,53 /Vigna unﬁuiculata L.va.local) intercrops
as summer pattern which has been followed by
wheat/peas (Triticum aestivum L va, Sakha 94
/Pisumsativum L.va,Masterb) intercrops as winter
attern. Those two patterns have alternatively
requented for three consecutive years to study the
impact of such intercropping practice and N fertilization
on soil CO, emissions, soil and crop carbon
sequestration , soil properties and crop productivity
targeting to contribute In mitigating the atmospheric
CO;, level reaching mitigate climate change.

The experiment has been consisted of
8treatments arranging with three replications in split
plot design:(a) the treatments of main plots have
represented the four configurations of sunflower/
cowpea intercrops as summer crops and four
configurations of wheat/peas intercrops as winter crops.
In addition, tow plot treatments, one of them has been
leaved in dry case and the other has been irrigated as
same in the experiment irrigation to determine the soil
emitted-CO, in these cases.

The treatments(configurations)for sunflower/cowpea
inter crops have come as follows:

1- 2: 2 rows sunflower /cowpea

2- 2 :3 rows sunflower /cowpea

3- 0.0: 4 rows sunflower /cowpea (sole cowpea)

4- 2:0.0 rows sunflower /cowpea (sole sunflower)
The treatments (confi?urations) for wheat/peas
intercrops have come as follows:

1-3: 2 rows wheat /peas

2- 5:2 rows wheat /peas

3- 0.0 :2 rows wheat /peas (sole peas)

4-6: 0.0 rows wheat /peas (sole wheat)

The summer and winter intercrops patterns have
been alternatively Blanted in the same plots for
consecutive 3 years.(b) the treatments of sub- plots have
represented the two t Rles of N fertilizers; urea as an
ordinary fertilizer(46. and ureaform (40%N)9s a
slow release fertilizer. The rate of 60 kg Nfed™ for
§unflower/cowpea_ intercrops  ,110 klg Nfed"
forwheat/peas intercrops,30 kg  Nfedfor solq
sunflower, 30 kg Nfed™ for sole cowpea,40 kg Nfed"
for sole peas and70 kg Nfed™ for sole wheat taken from
urea which have been added for every grqvvth
season.100kg Nfed™ for first pattern , 50 kg Nfed™ for
sole sunflower and 50k$ Nfed™ for sole cowpea taken
from UF and added for every 2 growth seasons
.Wheat/peas intercrop, sole wheat and sole peas jn
second season have not been taken N-fertilizer but
grown on the residual ureaform-N. The experimental
work has been managed adopting the permanent raised
bed planting with reduced tillage (only hand weeding)
in order to minimize disturbance of soil particles For
sunflower /cowpea intercrops pattern; sunflower has
been planted on all sides 0f120 cm wide and 20 cm high
beds with planting one plant hill* , 25 cm apart and
cowpea has been planted on the top of the beds in 2,
3and 4 rows. Wheat/peas intercrops pattern has been
ﬁlanted on the same plots of prior intercrops. the wheat

as been planted on the top of the beds in 3, 5 and 6
rows, the peas has been planted on all sides of beds .The
distance between every tow beds has been 25cm.On all
crops in each treatment, recommended J)hosphorus and
ﬁotassmm fertilizers have been received. Plant samples

ave been taken from each plot at harvesting stage to
determine the yield weight of both intercrops patterns
and sole crops.

Soil CO, emissions have been measured during
the 6 growing seasons of the three successive years,
taking Into consideration that all different agriculture
operations have been carried out during the
measurements and also some precipitations has been
fallen. The measurement of CO, emissions have been
based on the static chamber technique( Zibilske,1994) in
which an increasing CO,concentration with time has
been expected and referring for gas diffused from
profile layers .In this technique, at the soil surface of
each plot and between the rows, the transparent
polyethylene plastic chamber( 37x 30 x 20 cm
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distances) has been placed and inserted for depth of
nearly 7.0 cm’\gwnhout any plant under it ).In each
chamber, 1N NaOH solution trap (400 cm®) has been
placed. Also, centigrade thermometers to measure
temperature degrees at 5 cm depth of soil surface
(submerged in mud-filled glass beakers) and jars filled
with water to conserve moisture level have been placed
inside the chambers. The alkali traps have been changed
after 7 days of starting chamber close. This work has
been continued for every chamber along with every
growth season (i.e the measurements have been carried
out for every week) and taken to analysis in Lab. Also,
the weekly averaged-readings of temperature (3
readlngsg have been recorded to know the warming case
of chamber ambient as well as surface soil samples have
been taken to determine soil moister content at the same
time of alkali trags changing. The emitted CO, has been
absorbed by NaOH. Reacted alkali in the NaOH traps
with CO, emitted from soil forming Na,CO5 has been
reacted chemically with added 1N BaCl, solution. Back-
titration with 1IN HCI and in existing of phenolphthalein
as an indicator to determine the unreacted NaOH has
been done(Anderson et al.,1982).Then, the emitted-
CO,equivalents have been calculated by subtracting the
equivalents of HCI used in back-titration(equivalents of
unreacted NaOH) from equivalents of used total NaOH.
Soil CO, emissions, soil temperature and soi| moisture
have been recorded weekly from October 3, 2010 to
May9", 2013.Measurements have been uniformly
recorded at nearly hour of 12-12.30am.Cumulative CO,
emissions for each season of 6 successive seasons have
been calculated us'ﬁng )Ehe_following relationship:

CO,kgfed 'season™= LIS Xi + Xi+1+ Xi+2+... Xi+ n
where g) is first week Of the first growing season when
first CO, measurement has been taken , (n)is the last
week of the last growing season when last CO,

measurement has een taken,  (X) is
CO,measurement(kg fed" week’l).The yield of each
crop has been recorded every growmg season. Before
Blantln , soil samples from the surface layer (0-30) have
een taken from the experiment site, air-dried, ground,
sieved through a 2 mm sieve and analyzed for some
pka/smal and chemical properties as recorded in Table 1.
After harvest, soil samples have been collected from the
surface layers and sub-surface layers at soil depths of 0
— 10, 10 — 30 and 30 — 60 cm. for all plots within the
studied six seasons. The soil samples have been divided
into two parts. The first part has been leaved as it is
(undisturbed) and used to determine the soil aggregate
size distribution and total soil porosity. The second one
has been air-dried, ground to pass through a 2 mm sieve
and kept for the chemical determinations. Soil pH and
organic matter have been determined according to the
methods described by Page et al.(1982).The total
soluble salts (EC) has been determined in soil paste
extract as dSm~(Jackson, 1973). The content of
available nitrogen in soil has been determined according
to the method described by Cottenie et al., 1982.Particle
size distribution has been carried out by the pipette
method described by Gee and Bauder,(1986).Soil bulk
density (BD)has been determined using the un disturbed
soil column and total soil porosity has been calculated
as percentage from the obtained values of soil real and
bulk densities according to Richards(1954). Distribution
of dry aggregates has been determined according to the
methods of Richards (1954).Water stable aggregates
have been determined using the wet sieving technique
described by Yoder (19363J and modified by Ibrahim
(1964). All data have been averaged to generate mean
values to facilitate their display in graphical diagrams.
Statistical analysis has been carried out according to the
procedures outlined by Snedecor and Cochran (1980).

Table (1): Some Physical and Chemical Characteristics of the studied soil

Cations Me L™ Anions Me L*

Particle size distribution

Depth N oM EC pH : Textur
cm  K°  Na* Mg" Ca™ S0 CI HCO® mgkg® 9% dSm® 1:2:5 Sf;‘/:d Sof Co'/";‘y exture
0-10 032 475 350 250 407 650 050 5550 210 111 711 750 37.00 5550  Clay
10-30 036 560 350 300 446 750 050 5350 1.80 125 730 675 3575 5850 Clay
3060 032 525 350 300 407 750 050 5360 177 121 711 550 3650 59.00 Clay
RESULTS AND DISCUSSION intensities and their frequencies that affect the

Carbon exists in many forms and is the major
building block for life on Earth. It is found indifferent
terrestrial ecosystems. One of most important of them is
agro-ecosystem, where the carbon is predominantly as
plant biomass, as soil organic matter, and as the carbon
dioxide gas (CO,).The discussion of this study will
allocate its situation in every one of the above sections
and demonstrate how to sequester it in soil or in plant
biomass influencing by the experimental work of the
suggested management practices targeting to reduce the
level of carbon that occurs in the atmosphere as CO,
and to reduce the release of CO, to the atmosphere from
agricultural soil and subsequently mitigate global
warming.

1. Soil carbon dioxide (CO,) emissions:
1.1. Under dry and wet condition.

Fig.(1) show the results of soil-CO, emissions
released from non-irrigated (0,) and irrigated (02% plot
treatments-both have been uncultivated and unfertilized-
which have been carried out for 6 successive seasons.
Clearly, emitted-CO, quantities from soil have been
varied influencing by variations between environmental
conditions of summer and winter growth seasons and
also between the non-irrigated and Irrigated treatments.
These quantities have been higher in summer seasons
and irrigated-plot treatment than those of winter seasons
and non-irrigated-one. Also, it is observed on all the
studied seasons that there is fluctuation status for CO,
values related to time intervals at which the
measurements have been taken. Since such treatments
have not been cultivated or fertilized, the unique effect
in either seasonal variation or irrigation status has
probably been the change in temperature & moisture

decomposers of organic matter stock and also their
propagation, in this connection, Xu, et al.,(2004)stated
that soil respiration (emitted CO;) is low in dry
conditions and increases to a maximum at intermediate
moisture levels until it begins to decrease when
moisture  content  excludes oxygen. Atkin et
al.,(2000)reported that temperature will increase soil
respiration exponentially to a maximum, at which point
respiration will decrease to zero when enzymatic
activity is interrupted. )

From Table (2) it is fgenerally illustrated that total
amounts of emitted-CO, from both non-irrigated and
irrigated-treatment & its quantity in carbon form and
calculated for every season either summer or winter
have been somewhat high. It is also observed that the
emitted-CO, or CO,-C quantities from irrigated-
treatment have been higher than those of non-irrigated
one where they have amounted(on averaged) 4.13ton
CO,fed (1.112 ton CO,-C fed )folr former, and 3.63
tonCO,fed™(0.98 ton CO,-Cfed™) for latter with
percentage difference of 13.77%, the relatively high
magnitude belonging to winter emitted CO, _maﬁ e
attributed to the effect of some precipitation which have
been fallen during such period on soil moister content
and consequently on increase the emitted-CO,, as well
as there has been evident variation between summer and
winter total measurements of CO,either under irrigated
or non-irrigated plot treatments. For summer seasons,
they ha\{e varied between %.OG(l.lC_OZ_—C) and 5.13ton
CO,fed*(1.39tonCO,-Cfed ™) under irrigated treatment
and from 3.76 1.0% CO,-C) to 4.41ton CO,fed-
(1.19ton CO,-Cfed™) under non-irrigated one. For
winter seasons, such values have varied between3.08
(0.83 CO,-C) and 4.03 ton CO,fed™ (1.09ton CO,-Cfed
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2 under irrigated treatment and between 2.61(5(%.7 CO,-
) and 3.74 ton CO,fed™ (1.01 tonCO,-Cfed™) under
non-irrigated one. The percentage differences between
the CO, quantities have been emitted from soil for every
season under non or irrigated treatments varied between
1.75 and 19.42%.Such values for all summers and all
winters, on averaged, have been amounted 22.91 %
under Irrigated treatment and 26.56 % under non-
irrigated one, several studies have been somewhat in
a?reement with these results, for example, Hanson et
al., 1993,. Here, it must be pointed out that the soil
without any usage has released some emissions of
CO,.This result would be taken into consideration
because these emissions (FlaY an important role in
regulation of regional and global carbon cycle, and
especially at its exploitation for agricultural or industrial
investments.
1.2. Under different studied treatments.

The results of different treatments (urea, UF,
T4, T, Tz and T,) effect on soil temperature (ST), soil
water content (SWC) and CO,-emitted from soil during
carrying out the varied agriculture processes
(fertilization, irrigation, wedding....etc) for 6 successive
seasons as well as durin%taking place the plant growth
and fallow times has been graphically recorded in
Figs.(2 ,3 and 4). As for ST, it is observed from Figs.
(2a, 3a and 4a) that in all summer seasons, there has
been upward trend for ST degrees ranged from 27 to 45
c® while in all winter seasons, there has been downward
trend for such degrees ranged from 34 to 12 c°, the
noticed simple fluctuation in recoded ST degrees may
be attributed to heat loss resulting from evaporation
after the irrigation and then taking place solar heating
again and so on .1t is also observed that on most studied
seasons, no difference between ST degrees under urea
or UF treatments has been occurred. Under intercrops
patterns (T, and T,), the ST degrees have been few
lower than those of sole crof;f)s (Tz and T,). This may be
confined in the insulation effect of surface soil referring
to the intercropping system; as the intercrops grow and
increase their foliage, the soil surface gets covered.
Ghanbari et al.,(2010) observed reduction in ST in plots
with maize-cowpea intercropping compared to those
with sole maize stand. He explained this as due to the
shading effect of two crops in the intercropping system

Figs.(2b, 3b and 4b) also, record the SMC results
under different treatments which illustrated that: firstly,
the soil moisture content in winter seasons has been
ﬁreater than that of summer seasons where their levels

ave been ranged from 5 to 55% for former and from 2
to 32% for latter, such effect has been a reflection for
variation of evaporation status in different seasonal
climate. Secondly, the marked fluctuation in levels of
SMC in all diagrams may be due to the case of wetness
and dryness which always occurred after every time of
irrigation or due to the depletion of moisture resultin
from water absorbance by crops or water drainage an
dryness of surface soil .Third )é levels of SMC under
both UF and urea treatments has been approximately
equated. Fourthly, no certain trend for the effect of
intercrops or sole crops on SMC levels has been seen;
such levels have sometimes been increased under T, and
T, and sometimes under T5 and T, and vice versa, this
may be related to the effect of all gathered factors
(wetness, dryness, shading and water absorbance...etc).

) From Figs.(2c,3c and 4c),it is in general,
illustrated that the curves of CO, released under all
treatments have taken a pattern of maximized or
minimized CO, values ,probably, influencing by
different effective factors such as agriculture processes
or others ( pH, EC , aeration, clay,...etc) which appear to
be more impact (amongst increase or decrease s)on the
mineralization capacity of the soil organic matter and
CO, release or the root respiration or the biological
activity in this experiment, because no consistenc
between the seasonal patterns of ST degrees or SM(
and those of emitted-CO, have been realized. It is
observed an increasing CO, released under almost
treatments at the intermediate weeks of every season

where this periods have related to maximum growth of
crops either above or below ground, in another words,
increasing %rowthz activity and re5ﬁ|r_at|0n of the roots
which may be varied accordingly, their type and nature.
Also, in all studied seasons, CO, emissions from urea
treatment has been surpassed to those of UF one, which
may be attributed to high availability of nitrogen in urea
case and its effect on the decomposers of organic matter
as well as CO, emissions from T, and T, (intercrops)
have sometimes been slightly h|gf11er than those of T
and T4 (sole crops?, this 1s expected due to the higher
roots dense for former treatments comparatively to
those of latter ones and its effect on their respiration.
The most minimum amount of CO, emitted (may lag
period) has been only noticed in first weeks of first
season of first year and some extent, after harvest
(fallow period). "In this section of discussion, it is
obviously shown the effect of fertilization types,
irrigation,  varied densiéy of roots systems _of
intercropping patterns and seasonal changes. Similar
results have been obtained by several studies for

example, Makumba et al.,(2007) , Igbal et al.,(2008)
and Ussiri and Lal (2009).
Correlation analysis has been undertaken

between soil CO, emissions and ST and SMC to
determine the relationships between such emissions and
each one for non-irrigated and irrigated plot treatments
(Fig.5) and under different treatments (Figs.6, 7 and 8).

From Fig. (5), on all six studied growing seasons,
it can be seen that there have been negative weak
correlations or no correlation between CO, emissions
and each one of ST and SMC ynder non-irrigated or
irrigated plot treatments, where R” ranged from 0.001 to
0.282 for former and from 0.0002 to 0.2799 for latter.
However, slight increase in R” values belonging to ST
of non-irrigated plot has been onerved. he mixed
results without limited trend for R“ of SMC have been
obtained. It is appear that conflated effects for both ST
and SMC have necessitated the soil biological system to
give such results .These tendencies have been in
accordance with findings of Xu et al., (2008). From
Figs.(6 ,7 and 8),it is also found that for all studied
seasons , no correlation or weak correlation between
CO,emissionsand ST under urea or UF treatment;R* for
former ranqed from 0.003 to 0.40 and ranged from0.002
to 0.05 for latter. ]

Under intercropping and sole crop patterns (on
average);R° have ranged from 0.004 to 0.3409 for
former and ranged from 0.002 to 0.3664for latter. These
results have been in agreement with Huang et al.,
(2013). Obviously, poor dependence for soil CO,
emissions on soil temperature and moisture has been
occurred. Apparently, the results of soil CO, emissions
have been affected by a very complex interaction of
several factors and related to them more than soil
temperature and moisture. )

2. Crop production and crop carbon sequestration
2.1Crop production

The results in Table (3) show the effect of
sunflower/cowpea intercropping  system  for
cultivating seasons and N-fertilizer treatments on crop
yield and biomass carbon (biomass-C). There has been
significant positive effect (p< 0.05) for intercroppin
configurations on sunflower stalks & seeds yield,
cowpea vyield and total yield of both crops at the 3
cultivating seasons. Limited significant variation has
been observed for N-fertilization on the same
parameters. Non significant effect has been recorded for
interaction between intercropping system configurations
and N-fertilization on the previous mentioned
parameters.

Because of plants act as a bridge to carrying the
carbon from atmosEhe_re where they use their primary
function (photosynthesis) to produce plant biomass as a
Brecursor soil organic carbon input, crop yield data h%ve

een calculated as biomass-C (biomass-C ton fed™ =
crop yield in ton fed™ x 0.58).Averaged seasonal
blorpass-C \{alues have ranged from 13.06 to16.10ton C
fed“seasonand amounted 41.78 ton C fed™ as a total
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biomass-C for 3studied seasons. The significant effects
of intercropping systems, N- fertilization and interaction
on biomass-C have taken the same directions of such

effects on crop yield at the 3 cultivating seasons as well
as on total crop yield and total biomass-C of 3 seasons.
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Fig.(1): CO, emissions released from soil under dry and wet conditions for 6 seasons of 3 successive years

Table (2): Total soil CO,emissions and its quantity in carbon form ( tonfed™)of 6successiveseasons for non-irrigated and

irrigated plot treatments

3 3 3 ] 8 5] Mean of  Summers
Treatment Season EH Ew Em Ev E"” ge Sl\l/JI;arggrfs \I\lﬂv?ﬁ'?e?: Irrigation _winterso
plot 2 = 2 = 2 < status  Difference%
(tonfed™)
o CO, 3.99 2.61 3.76 3.24 441 3.74 4.05 3.20 3.625
Nonirrigated oy - 1.08 0.70 1.02 0.88 119 1.01 1.09 0.86 0.98 26.56
Irrigated CO, 4.06 3.08 4.49 401 5.13 4.03 4.56 3.71 4.13 2291
g CO,C 11 0.83 1.21 1.08 1.39 1.09 1.23 1.00 1.12 ’
Difference % 1.75 18.01 19.42 23.77 16.33 7.75 12.59 15.93 13.77
] Taking the averaged biomass-C  values studied seasons. Most works that deal with intercrops
influenced by intercrops (T,&T,) and sole crops &sole crops patterns have recorded clear superior crop
that averaged value of biomass for former to latter, for example , Natarajan and

§T3&T4), it is demonstrate t
ormer has been obviously superior to those of latter
where the averaged-values olf intercyops have ranged
from 16.07t018.63 tonCfed~season’ vyhlle thle have
ranged from 9.71 to 13.57 ton Cfed“seasonfor sole
crops over the studied 3seasons. The total biomass-
Quantities of averaged-yalue for intercrops have
amounted 11.53 ton Cfed"and amounted 7.72ton Cfed"
“for sole crops pattern. The values of biomass-C relative
increase for intercrops to sole crops have ranged from
37.29 to 68.88% over the studied 3 seasons and it has
amounted 51.77% at total biomass-C for 3studied
seasons.

Data presented in the same Table show
reasonable superiority for the averaged biomass-C
values referring to UF fertilizer to those of urea
fertilizer. These values fO{ formler have ranged
from13.28 t016.66 ton Cf§d' season~and ranged from
12.82 to 15.54 ton Cfed™ season~for latter over the
3studied seasons. The total quantity of averaged-
biomass-C value of UF fertilizer has amounted 42.13
ton Cfed™. Such value for urea fertilizer has amounted
40.56ton Cfed™.Also, biomass-C relative increase
values for UF to urea have ranged from 3.59 to 7.23%.It
has amounted 3.86% as a total of averaged-values for 3

WiIIey(1986R,Ajeigbe et al.,(2008) and Latati et
al.,(2013).Also, several studies confirmed on the
superiority of crops %/leld fertilized with UF to those
fertilized with urea, for example, Abbady et al.,(2011)
and Abbady et al.,(2013).

From Table (4), it can observed that the effect of
wheat / peas intercropping system for 3cultivatin
seasons and N-fertilizer treatments on crop yield an
biomass-C values has been markedly lower than that of
ﬁrevmus mentioned intercrops pattern (Table 3).There
nas however been clear significant difference for
intercropping conflguratlons on wheat, peas ,total yield
for every season and total yield of 3 seasons. Also, there
has been positive significant difference between the
different treatments on biomass-C for every season and
also for total biomass-C of 3 seasons. Averaged
seasonal biomass-C values have ranged from 3.17 to 3.3
and amounted 9.63 ton C fedseason~for 3 seasons.
Averaged biomass-C valyes have ranged from 3.79 to
3.99 ton C fedseason for intercrops pattern and
ranged from 2.55 to 2.7 ton C fed“season™ for sole
crops pattern. Also, biomass-C relative increase for
mtercro(‘g)s to sole crops values have ranged from 44.45
to 52.99 % and amounted 49.38 % for 3 seasons. The
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biomass-C values have been influenced b
t Peslwhere lthey have ranged from 3.06 t03.23 ton
Cted “season” for urea and from 3.28 to 3.49 ton Cfed’
season”for UF and amounted 9.23 for former and 9.97
ton C fedseasonfor latter. Preponderancy of UF as
slow release fertilizer has been realized through
calculation of biomass-C relative increase for UF to
urea which has ranged seasonally from 4.50 to 12.2 %

N-fertilizer
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and amounted 8.05% for 3 seasons. The trend of these
findings has been seen in previous pattern (table 3?.
However, crop yield of this intercrops pattern (table
4%has been lower than those in previous mentioned
above which may due to the variation in cr_oP]s type, in
particular , the lower yield for peas which may be
attributed to severe competition with wheat for light, the
same findings reported by Singh and Ajeigbe(2007).
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Fig.(2): Soil temperature (a), soil moisture (b) and soil emitted CO; (c) at different treatments during first year of 3 successive years.
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Crop carbon sequestration

To assess the management practice pursued in this
study as a tool to sequester absorbed- carbon from atmosphere
in crop biomass, the equation reported by Baldocchi and
Valentini (2012) has been applied: NEP = GPP — Reco

where: NEP is net ecosystem productivity and is
defined as the difference between gross primary productivity
(GPP) or plant biomass carbon representing the carbon
dioxide amount that is assimilated by plants through
photosynthesis and ecosystem respiration (Re,) or, here, soil
emitted carbon.

Tables (5 and 6) contain all the outputs of this
experiment in carbon form; the former will have the results of
sunflower/cowpea intercrops and the latter have wheat / peas
intercrops. The results given in Table 5 represent the total
carbon vyield of different intercropping configurations, total
(cumulative) emitted CO,& their values in carbon form,
sequestered carbon for every season and its final resultant of
the 3 seasons which reveal that, in all studied seasons: Firstly,
the intercrops patterns (T,andT,) as a carbon values have been
superior to those of sole crops patterns (TzandT,) and
statistically have had positive significant effect. The carbon
which has been collected from atmosphere by former ranged
from 15.38 to 18.78ton Cfedand ranged from 9.38 to
13.57ton C fed by latter.

. This effect has been expected and due to the
higher obtained yield of intercrops patterns. Secondl%l,
soill emitted CO, values under intercrops patterns (T,
andT,) have been slightly inferior to those of sole crops
((:T 3 andT4)wherle these values have rzimged from2.04(1.11

0,-C ton fed")to4.84 ton CO, fed(1.31 CO,-C fed
under former and from 3.91(1.05CO,-C ton fed *)to 5.1
ton CO,fed™?(1.39CO,-C tonfed™) “under latter, their
final resultant of the 3 seasons ranged from3.38t03.47
CO,-C tonfed™*for former and from 3.63 to 3.64 CO,-C
ton fedfor latter. Thirdly, sunflower-cowpea intercrop
carbon values related to urea treatments(on average)
have been inferior to those of UF treatments, such
}/alues have ranged from 12.60 t015.27ton CO,-C fed
for former and ranged from13.06 to 16.38 ton CO,-C
fed™ for latter. Fourthly, soil emitted CO, values related
to urea treatments (on average?] have been superior to
those of UF treatments where these values have ranged
from 14.39 to 5.58tonCO, fed"(1.19 tol.51 ton CO, -
Cfed") for former and from3.80 to4.32ton CO, fed
(1.03 tol.17ton CO,-Cfed™) for latter. FIfth|Y, crop
sequestered carbon values' have been influenced
S|?:n|f|cantly by intercropping configurations, urea and
UF treatments; the data demonstrate that the averaged
sequestered-C values of intercrops hz%ve seasonally
ranged from14.74 to17.01ton CO,-Cfed™and their final
resultant amounted 46.76ton CO,-Cfed*for 3 seasons
while such values for sole crops have §easonal|y ranged
from 8.45 to011.97 ton CO,-Cfed~and their final
resultant amounted 29.58 ton COZ—Cfed'l.Thereb?/,
sequestered-C relative increase for intercrops to sole
crops values have ranged seasonally from 42.06 to
77.75% and amounted 58.06 % for the 3seasons.The
crop sequestered carbon values belonging to UF
fertilizer have ranged from12.12 tol5.21ton CO,-Cfed
and amounted 39.70ton CO,-Cfed for the 3 seasons.
Such values for wurea feritilizer have ranged
from11.35t0]3.76ton CO,-Cfed ™ and amounted 36.64
tonCO,-Cfed for the 3 seasons. On this basis, the
sequestered-C relative increase for UF to urea
seasonally have ranged from 6.78 to 10.51% and
amounted 8.35%for the 3 seasons

Dealing with data in table 6 as dealt with data in
Table (5),it can be noticed that: firstly, there has been
obvious effect for intercrops(T;and Tf} on carbon
collected from atmosphere more than did with sole
crops(T; and T,) where such carbon values have
seasonafly ranged from 3.43to 4.26 tonCO, -Cfed “for
former and from 0.54 to 4.59ton CO,-Cfedfor latter.
Secondly, insignificant differences between the carbons
of both crops as affected by urea or UF fertilizer have
been observed. Thirdly,  slight and insignificant

differences have been found between soil emitted CO,
regarding intercrops treatments and those of sole crops
ones. Fourthly, soil emitted CO, values of urea
treatments (on average) have been more than those of
UF fertilizer. Fifthly, averaged crop sequestered carbon
referred to intercrops patterns have seasonally ranged
from 2.45 t02.97ton CO,-Cfedand thqt of sole crops
ranged from 2.43 to 3.19 ton CO, -Cfed“and the carbon
final resultant of 3 seagons have amounted 8.06 - soil
emitted carbon, tonfed”ton CO, -Cfed“for former and
8.62 ton CO, -Cfed'for latter. The sequestered-C
relative increase for intercrops to sole crops have ranged
from -6.72to 0.46 % and amounted -6.55 for 3 seasons.
the sequestered carbon related to urea and UF fertilizers,
ranged from 1.7 t01.98 ton CO, -Cfed™ for former and
from1.95 to 2.58 ton CO, -Cfed™ for latter, The final
resultant has amounted 5156 ton CO, -Cfed“for former
and 6.81 ton CO, -Cfed™ for latter. The sequestered-C
relative increase for UF to urea has ranged from 14.6
t030.05% and amounted 22.45% for 3 seasons. Here, it
must be pointed out to the clear difference between the
magnitude of sequestered-C belonging to the two
intercrops Patterns which may be attributed to the nature
and type of used crops.
Carbon emitted from N-fertilizer manufacture

According to data reported by Lal et al., (1998) that
the N-fertilizer manufacture indirectly resulted in about 0.82
kg CO,-C emission per kg N produced. Such emissions have
been formed as a result of combustion of used fossil fuel to
manufacture. Therefore, the values of CO,-C emissions
produced during manufacture N-fertilizers, calculated in ton
fed™ for one year (2N additives) and then, for three years ( 6N-
additives), found in Table (7). They have ranged from 0.172 to
0.418 ton fed™ for urea at one year and ranged from 0.738 to
1.26 ton fed™ at three years. Such values for UF have ranged
from 0.123 to 0.246 ton fed™ at one year and from 0.369 to
0.738 ton fed*for 3 years.CO,-C emissions from application
of urea have been greater than those of UF with nearly from
1.4 to 2 times. This effect certainly attributed to the style of
use of each where the former has been added for every season
while the latter has been added for every 2 seasons, because it
has the ability to continue in releasing its nitrogen all long the
growing season. If it is the quantities of CO,-C emitted from
soil of every treatment (Table 5 and Table 6 ) have been added
to those of fertilizers corresponding treatments ,it would be
illustrated that the amounts of CO,- C released from
treatments fertilized with urea have been greater than those
fertilized with UF. Similar results have been obtained by
Abbady et al., (2011) and Abbady et al .,(2013).
3.Soil carbon sequestration and affecting soil properties:
:Because of soil organic C pool has a great potential to
sequester naturally a lot amounts of atmospheric carbon, the
stability of organic C in soil is a prime requirement. So in this
section, the discussion of implicated SC amounts and factors
controlling such stability (physicochemical properties) has
been devoted.
Soil carbon sequestration

Table (8) includes the change in organic matter %
(OM%) ,cumulative carbon % and the sequestered-carbon
(SC) throughout the experiment (6 seasons) in 3 successive
soil layers (0-10,10-30 and 30-60 cm) as affected by different
treatments. Generally, it is observed that the OM% change has
been very slow and in little quantities, this may be due to
either it is natural phenomenon related to different
decomposition factors or no additional organic manure has
been achieved in this study. Also, it would be mentioned that
the reduced-tillage practice (undisturbed soil) has been
pursued which it may be led to ensure the originally found
humus compounds, in addition to roots decomposition within
the experimental period. OM% change levels tend to be
variable and dependent on intercrops & sole crops patterns and
also on urea & UF fertilizer treatments as well as its values
have varied with different depths
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Fig.(7): Correlation between CO, emissions and soil temperature and soil moisture content underdifferent
studied treatments at first season (a) and second season (b) of second year. 2011-2012

As for intercrop & sole crop patterns , the data given in
the same Table have represented the averaged OM% change
values of intercrops (T, andT,) & sole crops (T; andT,)
patterns regardless of their crops type , as represented the sum
of OM% quantities for the 3 studied layers. Averaged OM%
change values have been ranged from 0.30 to 0.31 for

intercrops pattern and from 0.26 to 0.36 for sole crops, and
consequently cumulative carbon % values have ranged from
0.174 to 0.198 for former and from 0.151 to 0.206 for latter
within 6 cultivation growth seasons. Also it is noticed that
these quantities have almost concentrated in the surface layers.
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As matter of fact SC values under different treatments, they
have been calculated based on an equivalent soil mass (Jun Ke
Zhang et al. 2011) using the equation of : SC, tonfed = fed.
area ( m? x layer depth (m) x OC% x BD (Mgm )

The data illustrate that SC values of intercrops pattern
(sum of 3 successive layers) have been slightly superior to
those of sole crops, where SC values of former have ranged
from 1.111 tol 304 ton'fed and ranged from 0.929
tol.352tonfed™ for latter, the equwalent values of SCO, have
ranged from 4.11 to 4.826tonfed! for former and ranged from
3.438 to 5.013ton*fed for latter . Averaged sequestered -C of
intercrops vaIue has amounted 1.208 tonCfed™*and amounted
1.141ton Cfedfor sole crops .SC relative increase for
intercrops to sole crops has amounted 5.828%. However, the
data show inferior values for SC-calculated as a percentage of
sum layered-SC in top soil for former to those of latter. This
may attributed to the roots distribution nature of the cultivated

crops in the study. In this respect, Makumba et al
.,(2007)stated that after 10 years of continuous cultivation of
sole maize & intercropping gliricidia-maize, SC in the soil (0—
200 cm, depth) of gliricidia-maize was 1.6 times more than of
sole-maize. Cong WF, et al., (2015), in their 7 years field
experiment , found that soil organic C content in the top 20 cm
was 4% = 1% greater in intercrops than in sole crops and total
root biomass in intercrops was ,on average, 23% greater than
the average root biomass in sole crops. To demonstrate the
roots importance for soil carbon sequestration process,
Buyanovsky and Wagner (1997) concluded from their study
that for many plants, as much as 30-50% of the C fixed in
photosynthesis is initially translocated below-ground. Some is
used for structural growth of the root system, some for
autotrophic respiration, and some is lost to the surrounding
soil in organic form (rhizo deposition), either sloughed during
root expansion or excreted in a variety of compounds.
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Fig. (8): Correlation between CO,emissions and soil temperature and soil moisture content under different
studied treatments at first season (a) and second season (b) of third year. 2012-2013
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Table (3): Effect of sunflower/cowpea intercropping system and nitrogen fertilizer type on crop yield and biomass carbon
(biomass-C) for different treatments during the cultivated summer seasons of 3 years (2010-2011, 2011-
2012and 2012-2013)

Yield ( Ton fed-%)

Treatments first season, 2010-2011 second season, 2011-2012 third season, 2012-2013 T%tasle;/;zlgsm
Intercropping sunflower cowpea Total sunflower cowpea total sunflower cowpea total ton. fed?
= system (A)
Q
E < o . k=] (8] ! .
& 2 3 N. type T g Seed = & 9 os 8
32 93 (B) Stalks Seeds . > < Stalks . = @ Stalks Seed . Crop & e2 &
€8 3B Vield Yield T4 g EQ vieg Yeld Yeld g £ vieg vied Y€ vies E° 52 E°
3 o S = 5 2 3 3
urea 16.33 1.66 12.13 30.12 17.47 1377 140 1150 2527 14.66 1517 150 11.39 28.05 16.27 83.44 47.56
T 2 2 UF 1750 170 13.07 3227 1872 1414 144 1171 2729 1583 1587 156 11.74 29.16 16.91 88.71 50.56
average 16.91 1.68 12.60 31.22 18.09 13.95 142 11.61 2697 1525 1552 153 1156 2861 16.6 86.80 49.48
urea 14.00 1.57 15.87 31.44 1824 1237 149 1482 2867 16.63 13.07 1.49 1293 27.48 1593 87.58 49.93
T, 2 3 UF 1586 153 17.27 34.66 20.10 1267 151 1528 29.46 17.09 13.77 153 13.09 28.38 16.46 87.58 49.93
average 14.93 155 16.47 3295 19.17 1252 150 15.05 29.06 16.88 1342 151 13.01 27.93 16.20 89.93 51.27
urea 23.33 2333 1353 18.74 18.73 10.86 16.24 16.24 9.42 5830 33.23
T; 00 4 UF 24.27 2427 14.08 19.60 19.60 11.37 16.66 16.66 9.66 60.52 34.50
average 238 23.80 13.80 19.17 19.16 11.11 16.45 16.45 9.54 59.41 33.86
urea 20.53 1.72 2225 1291 1493 155 1648 9.56 15.17 1.50 16.66 9.66 55.39 31.57
T, 2 0.0. UF 2193 1.82 2375 13.78 16.10 1.57 17.67 10.25 15.87 1.56 17.42 10.10 58.82 33.53
average 21.23 1.77 23.00 13.34 1552 1.56 17.00 9.90 1552 1.53 17.04 9.88 57.04 3251
Average of seasonal biomass-C 16.10 13.29 13.06 41.78
Averaged biomass-C of intercrops 18.63 16.07 16.4 50.37
Averaged biomass-C of sole crops 13.57 10.51 9.71 33.19
?lomass—c relative increase % 37.29 52.90 68.88 51.77
or intercrops to sole crops
Averaged biomass-C of UF 16.66 13.63 13.28 42.13
Averaged biomass-C of urea 15.54 12.93 12.82 40.56
Biomass-C relative increase % 7.23% 5.46% 359 386
for UF to urea
A 199 003 165 033 016 09 002 062 021 016 291 0.02 188 1024 017 0.18 0.27
LSDat0.05 B 174 N.S NS 020 013 216 010 166 014 018 NS 007 NS NS 013 014 020
AXB NS NS N.S 038 024 NS NS N.S 02 035 NS NS NS NS 024 027 039

Biomass-C. means the carbon absorbed from atmospheric CO, through photosynthesis and stored inside the plant
Biomass-C, ton fed™ = crop, ton fed™ x 0.58

Table (4): Effect of wheat / peas intercropping system and nitrogen fertilizer types on crop yield and biomass-C during

the cultivated winter seasons of 3 years (2010-2011, 2011-2012 and 2012-2013)
Yield (ton fed™)

Treatments fourth season ,2010-2011 fifth season ,2011-2012 sixth season ;2012 -2013 Total yield
r?])é Inter cropping Total yield Total yield Total yield
ol system (A)  N. type Wheat Peas biomass- Wheat  Peas crop biomass- Wheat Peas biomass- biomass-
wheat Peas (B) crop C c crop C crop o
row row
urea 532 054 586 3.39 5.20 0.53 5.73 3.32 5.45 0.47 5.92 3.43 17.50 9.98
T, 3 2 UF 6.11  0.59 6.69 3.88 5.77 0.54 6.31 3.66 5.84 0.90 6.34 3.67 19.34 11.02
average 5.72 0.56 6.28 3.64 5.48 0.53 6.02 3.49 5.64 0.48 6.32 3.55 18.62 10.62
2 urea 6.41 0.52 6.93 4.02 6.33 0.46 6.79 3.94 6.73 0.50 7.23 419 20.94 11.94
T, 5 UF 747 0.56 8.03 4.66 6.80 0.51 7.31 4.24 6.87 0.54 741 4.30 22.75 12.97
average 6.94 055 7.49 4.34 6.57 0.48 7.05 4.09 6.80 0.52 7.32 4.25 21.85 12.47
urea 0.92 0.92 0.54 0.96 0.96 0.56 0.96 0.96 0.56 2.86 1.62
T 0.0 2 UF 0.97 097 0.55 0.98 0.98 0.57 0.98 0.98 0.57 2.94 1.67
average 095 0.95 0.54 0.97 0.97 0.57 0.97 0.97 0.57 2.89 1.65
urea 7.72 7.72 4.48 7.60 7.60 4.41 8.13 8.13 4.72 23.45 13.37
Ts 6 0.0 UF 8.40 8.40 4.87 8.00 8.00 4.64 8.52 8.52 4.94 24.92 14.20
average  8.06 8.06 4.68 7.80 7.80 4.53 8.33 8.33 4.83 2419  13.79
éverage of seasonal biomass- 330 317 33 963
Averaged biomass-C of
intercrops 3.99 3.79 3.9 11.53
;CAr\é;rsaged biomass-C of sole 261 255 27 772
biomass-C relative increase % o o
for intercrops to sole crops 52.99% 48.62% 44.45 49.38
Averaged hiomass-C of urea 3.11 3.06 3.23 9.23
Averaged biomass-C of UF 3.49 3.28 3.37 9.97
biomass-C relative increase %
for UF to urea 122 % 7.20% 4.50 % 8.05%
A 0.36  0.05 0.66 1.26 0.39 0.024 0.96 1.29 0.31 0.02 0.77 1.03 0.31 0.66
LS Dat0.05 B 0.26 0.02 0.71 0.44 0.27 NS 0.37 0.38 0.09 0.019 0.14 0.12 0.009 0.06
AX B NS NS 1.34 0.84 NS NS 0.70 0.72 NS NS 0.26 0.23 0.01 0.11

Biomass-C. means the carbon absorbed from atmospheric CO, through photosynthesis and stored inside the plant
Biomass-C, ton fed™ = crop yield, ton fed™ x 0.58

Regarding the effect of UF & urea fertilizer treatments,
data show superiority for UF fertilizer to urea fertilizer as for
averaged values of OM % change particularly in sole crop
patterns. in logical consequence, the cumulative C% values
have taken the same direction. Generally, the final averaged
value of UF treatments has amounted 0.340 % for the former
and 0.199% for the latter while they have amounted 0.27 %
and 0.157 % for the urea treatments. Data also show mostly
superiority for UF to urea in ensuring and sequestering carbon
in soil where that the averaged SC values have ranged from

1.039 t01.880 ton Cfed™ for UF and from 0.601 to 1.240 ton
C fed™ for urea (sum SC values for 3 successive layers)
.corresponding averaged values of SCO, have ranged from
3.845 to 6.974 ton CO,fed™ for UF and from 2.224 to 4.582
CO,fed™ for urea. SC relative increase for UF to urea has
amounted 44.074 %. It is noticed that most SC has been
concentrated in top soil of urea treatments where SC% values
ranged from 47.905 to 65.935% calculated as percentage of
total SC of the three successive layers (0-10,10-30 and 30-60
cm) whereas these values for UF treatments have been
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distributed on different depths without certain trend as shown
in the Table. It may be explained the distinguished impact of
UF on SC comparing to that of urea on the basis of:1- the
available nitrogen referred to UF fertilizer is surly less than
that of urea fertilizer due to slowness its nitrogen release.2- It
is well-known that nitrogen abundance in soil solution would

result in stimulation of microorganisms propagation which
promote the oxidized-decomposition of soil organic matter to
obtaining energy for life. This findings is consistent with
reports of SOC decline influenced by addition of conventional
nitrogen fertilizers (Varvel, 1994, 2006; Pikul et al., 2001;
Olson et al., 2005; Fierer et al., 2003; Mack et al., 2004).

Table(5):Sunflower /cowpea intercrops yield expressing in carbon form, emitted carbon dioxide form , emitted carbon

form ,crop sequestered -carbon for every sum

mer season and total soil emitted-carbon &total crop

sequestered-carbon for the 3 summer growth seasons in Tonfed™

Yield, Ton fed™ Total C,Ton fed™
s Treatments 2010 2011 2012
M croppn Emitted Emitted Emitted Emitted Emitted g, o est
B cropping sunflowe Emitted S~ Sequeste sunflowe mitted £ mitted Sequeste sunflower mitted Emitte Sequester carbon equeste
system  (A) N. Form r-cowpea CO; carbon "o r-cowpea 2 carbon red  -cowpea CO;  carbon ™y from
O Sunflo Cowpe (B) bon_ f 2 il b b from f il b b from  from b il carbon
| wer a carbon fromsoil " " carbon carbon ' L° fromsoil carbon carbon (o soil carbon soi
row  row
T urea 17.18 5.42 1.46 15.71 14.40 4.49 1.22 13.18 15.99 4.55 1.22 14.76 3.90 43.65
o2 2 UF 18.39 4.20 113 1725 1556 3.00 0.811 1474 16.62 3.37 0.91 15.70 2.86  47.69
average 17.79 4.81 1.30 16.48 15.38 3.75 1.02 13.96 16.30 3.95 1.06 15.23 3.38 45.67
T urea 17.92 5.08 1.37 16.55 16.35 4.29 1.16 15.19 15.66 481 1.29 14.36 3.82 46.09
22 3 UF 19.76 4.60 124 1851 16.79 3.58 0.97 15.83 16.18 3.37 0.91 15.26 312 4959
average 18.78 4.84 1.31 17.53 16.56 3.93 1.06 1551 15.92 2.04 1.10 14.81 3.47 47.85
urea 13.30 5.89 159 1171  10.68 4.38 1.18 9.49 9.26 4.64 1.25 8.03 402 29.23
T3 0.0 4 UF 13.83 4.41 1.19 12.64 11.17 391 1.05 10.12 9.49 3.72 1.01 8.49 3.25 31.25
average 13.57 5.15 1.39 12.18 10.92 4.15 1.12 9.81 9.38 4.18 1.14 8.24 3.64 30.24
urea 12.68 5.89 159  11.09 9.39 4.42 119 8.20 9.49 4.46 121 8.29 399 2758
Ty 2 0.0 UF 13.54 4.08 1.10 12.43 10.07 4.70 1.27 8.80 9.93 3.35 0.90 9.03 3.27 30.27
average 13.11 4.99 135 1176 9.74 4.56 1.23 8.50 9.72 391 1.05 8.66 3.63  28.92
average of Urea 15.27 5.58 151 13.76 12.70 4.39 1.19 11.52 12.60 4.74 1.25 11.35 3.93 36.64
Average of UF 16.38 4.32 117 1521  13.40 3.80 1.03 12.37 13.06 4.04 0.93 12.12 312 39.70
% sequestered-C relative
increase for UF to urea 10.51 742 6.78 8.35
Averaged sequestered-C of
intercrops 17.01 14.74 15.02 46.76
Averaged sequestered-C of
sole crops 11.97 9.15 8.45 29.58
% sequestered-C relative
increase for intercrops to 42.06 60.99 77.75 58.06
sole crops
A 2.26 0.17 0.28 0.11 0.58 0.01 0.13 0.37 0.14 0.32 0.37 0.29 0.11 1.04
LSDat0.05 B 0.18 0.12 0.20 0.08 0.41  0.009 0.08 0.24 0.09 0.21 0.24 0.20 0.08 0.68
AX B 0.34 0.23 0.38 0.15 0.77 0.01 0.16 0.46 0.18 0.41 0.46 0.38 0.16 1.29

Emitted carbon= Emitted CO,x0.27

Crop sequestered carbon, ton fed™*= sunflower-cowpea intercrops yield as a carbon tonfed™- soil emitted carbon, tonfed™
Table (6):Wheat-peas intercrops yield expressing in carbon form, soil emitted carbon dioxide form, soil emitted carbon
form ,crop sequestered- carbon for every winter season and total soil emitted-carbon &total crop sequestered

carbon for the 3 winter growth seasons in Tonfed™

: -1
Treatments Yield, Ton fed Total, Ton fed™
sym Inte_r .2010-20.11 2011-2012 2012-201.3 )
bol sycszgrpnpm(g/_\) N. Form Wheat Erglott:d Iér:r'ggg Sequeste Wheat- Emitted Emitted Sequester Wheat- Emitted E?rllgger? Sequeste E?rlttge: Se?sgste
wheat Peas (B)  -Peas from  from red Peas CO, - carbon ed carbon Peas  CO, from soil carbon
carbon . - carbon carbon from soil from soil carbon from soil . carbon
row _ row soil soil soil
T urea 3.35 3.89 1.05 2.29 3.26 4.22 1.14 2.12 3.37 5.23 141 1.96 3.60 6.38
: 3 2 UF 3.82 2.95 0.79 3.02 3.59 3.75 1.01 2.58 3.61 4.80 1.29 231 3.10 7.91
average 3.58 3.43 0.92 2.66 3.43 3.98 1.08 2.35 3.60 5.02 1.35 2.14 3.35 7.15
T urea 3.95 4.04 1.09 2.86 3.87 4.26 1.15 2.72 412 5.41 1.46 2.66 3.70 8.23
2 5 2 UF 4.58 3.24 0.87 3.706 4.16 3.67 0.99 3.17 4.23 5.22 141 2.82 3.27 9.69
average 4.26 3.64 0.98 3.28 4.02 3.97 1.25 294 417 5.32 1.43 2.74 3.49 8.97
urea 0.53 4.31 1.16 -0.63 0.54 4.18 1.13 -0.59 0.55 5.73 1.55 -0.99 3.84 -2.22
Ts 0.0 2 UF 0.55 3.31 0.89 -0.34 0.56 3.08 0.83 -0.27 0.56 5.35 1.44 -0.88 3.17 -1.49
average 0.54  3.81 1.03 -049 055 3.63 0.98 -0.43 0.55 5.54 1.49 -0.95 3.50 -1.86
urea 4.40 3.66 0.99 341 4.33 4.04 1.09 3.24 4.63 5.34 1.44 3.19 3.52 9.84
Ty, 6 0.0 UF 479 317 0.85 3.94 4.56 3.44 0.93 3.63 4.86 4.85 131 3.55 3.08 11.12
average 4.59 341 0.92 3.67 4.45 3.74 1.01 3.44 4.75 5.09 1.38 3.37 3.30 10.48
Average of urea 3.06 3.98 1.07 1.98 3.0 417 1.13 1.87 3.17 5.43 1.47 1.70 3.66 5.56
Average of UF 3.44 3.17 0.85 2.58 322 3.48 0.94 2.28 3.32 5.05 1.36 1.95 3.16 6.81
% sequestered-C relative
increase for UF to urea 30.05 21.57 14.60 22.45
Averaged sequestered-C of
intercrops 2.97 2.65 2.45 8.06
Averaged sequestered-C of
sole crops 3.19 3.01 2.43 8.62
% sequestered-C relative
increase for intercrops to sole -6.72 -12.01 0.46 -6.55
crops
A 0.68 NS NS 1.16 0.52 NS NS 1.02 0.11 NS NS 111 0.06 0.02
L SDat0.05 B 0.21 NS NS 0.17 0.37 NS NS 0.02 0.08 NS NS 0.21 0.0.04 0.13
AXB 041 NS NS 0.33 0.70 NS NS 0.38 0.16 NS NS 0.41 0.08 0.25

Emitted carbon = Emitted CO,x0.27

Crop sequestered-carbon, ton fed™ = wheat-peas intercrops yield as a carbon, tonfed™
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Table (7): N -rates of sunflower/cowpea and wheat/peas configurations for lyear & 3years, CO,-C produced during N-
fertilizer manufacture, CO,-C emitted from soil and total CO,-C for 3 years

N-rates *CO,-C from fert,
N-rate for intercrops CO,C from

treatment Intercrop 1 Intercrop 2 . . co,- COo,C Soil , ton fed total CO.EC
Sunflower Wheat Kgfet?l kgfed Ctonfed tonfed! For 3years tonfed

Jcowpea Ipeas year for 3 year year? For 3years For 3years

KgNfed™ KgNfed™ Intercrop 1 Intercrop 2
T urea 60 110 170 510 0.418 1.26 3.9 3.6 8.76
t UF 100 - 100 300 0.246 0.738 2.8 3.1 6.638
- urea 60 110 170 510 0.418 1.26 3,82 3.7 8.78
2 UF 100 - 100 300 0.246 0.738 3.12 327 7.128
T urea 30 40 70 210 0.172 0.517 4.02 3.84 8.377
3 UF 50 - 50 150 0.123 0.101 3.25 3.17 6.521
- urea 30 70 100 300 0.246 0.738 3,99 352 8.248
4 UF 50 - 50 150 0.123 0.369 3.27 3.08 6.719
* CO,-Ckg fed? = N-rate x 0.82
that all studied treatments have increased wet stable

Soil pr?&)erties affecting carbon se%uestration:

_ Among soil factors impacted SC are amount of soil
organic matter (SOM), salinity, pH, N-fertilization,
management practice and aeration. Therefore, the effects of

studied different treatments on available-N, EC, pH and OM
values will be here discussed. Flg:§9% shows the effect of urea
and ureaform treatments on available-N, EC, pH and OM
values (on average) measured at ending of every season
(1,2,3,4,5 and 6).In general, the values of all above parameters
have tended to increase with seasons progress (1to 6). Except
OM, the effect of urea treatment on other parameters have
been superior to that of UF, where the values of available-N,
EC and pH have been slightly increased comparing to UF till
the end of experiment .This effect has been expected and
known for soluble nitrogen fertilizers and in harmony with the
studies of Abbady et al.,(1999) and Ju et al.(2007).The
increased values of OM as affected by UF comparing to urea
have been also expected and known, because the little
amounts of nitrogen released from_slow release fertilizer
would not induce promotion of microorganisms and their
enzymes ,and consequently, less breaking down for OM has
been attended. Such effect has been agreed with findings of
Martikainen(1989). ) )

Fig. (10) and Fig. (11) illustrate the effect of
sunflower/cowpea and wheat/peas |ntercro(i)p|r|1\%
configurations (treatments) on available-N, EC, pH and O
values, the general trend of this effect has been directed
toward increasing along with seasons progress till the end of
the experiment. Examination of the same figures , mostly
show that T; and T, (intercrops) in each intercropping pattern
have decreased the available nitrogen, EC and some extent,
pH values but they have increased OM content comparing
with Ts and T4 (sole crops) .In this respect, similar results have
been obtained by Song et al.,(2007). . )

The results_of averaged values of available nitrogen
concentration remained in soil from urea &UF fertilizers after
harvest and _graphed against soil depth (Fig.12) show the
general distribution of available-N for each which may be
affected by permeability, porosity, irrigation and cropping
systems ...etc. Also, they reveal that regardless of the fertilizer
type , there is a gradual increase in nitrogen concentration
rom first season to six one. This increase has been higher in
UF-N than that of urea-N, especially at top soil (0-10cm).This
means that slow release nitrogen form has had resident time
much longer than that of conventional one which has fast
moved down soil profile with drainage water. The
concentration of UF-N has been ranged from 58 to 96 mg kg’
while such concentration for urea-N has been ranged from
53to 75 mg kg™, although the doses of UF-N has been added
every tow growing seasons and such doses of urea-N added
every one growing season. The concentration of UF-N has
been decreased gradually with soil depth increase and
collapsed to the half at the depth of 30-60 cm while the urea-N
still as it is. Such behavior means that nitrogen fertilizer in
slow release form has the ability to rest in top soil nearing to
roots zone and vice versa in conventional nitrogen form. Here,
it must be pointed out that from the ecological perspective,
slow release nitrogen fertilizer may play an important role in
conservation on soil profile and ground water from nitrate
pollution ( Alexander and Helm 2007 and Lu et al., 2011) . In
addition, its role in supporting carbon sequestration process as
shown in foregoing results (Table.7 and Fig.9).

) As regards soil physical properties influenced by the
different treatments, Fig.(13)shows the effect of “such
treatments on averages of total wet stable aggregates %. With
time progress of seasons under study, overall, it is observed

aggregates %. However there has been some of preponderanc
for UF fertilizer which has pronouncedly increased suc
aggregates comparing with urea as well as intercrops
treatments. (Tland'lfz?] in both sunflower/cowpea &wheat/peas
configurations which have given slightly higher values for
such aggregates than those of sole crops $T3 and T,) which
may due to more magnitude of roots for former than letter,
where aggregatlon is promoted by root growth, their excrete
compounds and surrounded microorganisms. From Fig.(14), it
can be observed that the effect of the different treatments on
macro-aggregates % has taken the same direction of total wet
stable aggregates% 'g Fig. 13) and such effect has confirmed on
S|?r1|f|cance of UF and intercrops treatments which has
attained the opportunity to forming the aggregates with
increase the OM from season to season, where organic carbon
in soil tended to associate with fine particles like clay or silt as
an organo-mineral association which would reflect upon the
stabilization of organic carbon and consequently carbon
seqtl)Jestratlon process. Thus, a %regates physically protect soil
carbon through formation of barriers between "microbes &
enzymes and Its substrates (organic matter) ,thereby, they have
controlled microbial turnover (Six et al., 2002a and b).
Fig.(15) shows the effect of studied different treatments on
averages of bulk density (BD) measured at the end of every
season, continuous decline for BD values of all treatments
whether urea &UF or sunflower/ cowpea or wheat/peas
intercrops configurations has been noticed with time passing
by. It is also noticed that the decline related to UF fertilizer
has been lower than that of urea as well as such lower decline
has been mostly seen in both two configurations (T, andT,) of
the two intercrop patterns comparing with that of sole crops in
each. This results have been expected, particularly, if ‘it is
retrieved the previous results of OM (Fig. 9,10 and 11) wet
stable aggreégates (FI%._ 13 ) and macro-aggregates %( F_I%.l4)
as influenced by the different treatments and agreed with the
study of Hulugalle and Ezumah(1991). The trend of different
treatments effect on total porosity (Fig .16) has been the same
as the trend of their effects on wet stable aggregates% (Fig.
13) and macro-aggregates % é Fig.14).such picture has been
expected because the magnitude of porosity is truly reflection
for aggre%atlon process as reported by Regelink et al., (2015).

The correlation between OM % and water stable
macro aggregates % has been generally low (Fig. 17) . In first,
second and third seasons there have been no change in R
values. Then, they have been somewhat increased until the
sixth season. Although marked gradual increase for macro
aggregates initiated from first season till the sixth one as
affected by different treatments (Fig.14), it seems that the
correlation relationship  may be negatively affected by
distribution of OM within the soil matrix and its_interaction
with micro aggregates or the lack of OM, where its building
up is very difficult and no OM source has been added in this
experiment or the time necessitated to cement micro
aggre%ates is not enough. Moreover, that macro aggregates
may be controlled by soil management .macro aggregates
initiated from first season till the sixth one as affected by
different treatments (Fig.14), it seems that the correlation
relationship may be negatively affected by distribution of OM
within the soil matrix and its interaction with mlcro_?ggregates
or the lack of OM, where its building up is very difficult and
no OM source has been added in this experiment or the time
necessitated to cement micro aggregates is not enough.
Moreover, that macro aggregates may be controlled by soil
management.

580


http://www.researchgate.net/researcher/4997137_Pertti_J_Martikainen/
http://www.researchgate.net/researcher/4997137_Pertti_J_Martikainen/
http://www.researchgate.net/researcher/82960861_Alvin_Alexander/
http://www.researchgate.net/researcher/82965740_Hans-Ulrich_Helm/
http://www.sciencedirect.com/science/article/pii/016788099190076A
http://www.sciencedirect.com/science/article/pii/016788099190076A

J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. Vol. 7(8), August, 2016

95 _
930 N 42 L
—~ 85 | a4l
& 80t
= 75 35
= 70} - 3
Zz 65 f UE)ZS L
60 S5 2t
55 015
50 L L L L L | Ll 1k
1 2 seashns 4 5 6 05 L L L L L
1 2 3 4 5 [§]
Seasons
2 -
84 | =——e—urea H
g0 [ —a - UF P
2 F 105
8 ; "™ - e oy —9 =
18— —— "~ =19 |
576 Ay —a o]
F oA A&
74 E 1.85
72
? E 1 1 1 1 1
1 2 3 4 5 6 18 ' ' ' ' '
Seasons 1 2 $easond 3 6
Fig. (9): Effect of urea and ureaform on available-N, EC, pH and OM
90 - N ar
85 - —e—T1 35 t
| --m--T12
v‘;go —A=T3 a’ 31
x 75 £25 |
270 r p
~ 65 | o2y
60 - Wis
55 L
50 1 1 1
1 3 5 05 . '
Seasons 1 3 5
Seasons
_ oM
84 | 2 ¢
82 :
8 ; 1.95 ;
78 ¢ o
E =19
76 3 I
r4E 185 |
72 ;
7t : : ' 18 L ' .
1 3 5 1 3 5
S Seasons
easons
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Table (8): Changes in OM %, cumulative C% and sequestered-carbon (SC) &its equivalent CO, (SCO,) at the end of the
experiment (6 seasons) as affected by different treatments

treatment Depth (cm) OM; (%)  OM; (%) change in OM% Cumulative C% SCton'fed SCO, ton*fed SC%
0-10 2.01 2.24 0.23 0.133 0.593 2.195 47.905
Urea 10-30 1.78 1.83 0.05 0.029 0.258 0.955 20.842
30-60 1.70 1.75 0.05 0.029 0.387 1.432 31.25
T sum 5.49 5.82 0.33 0.191 1.240 4.582
B 0-10 2.15 2.29 0.14 0.081 0.361 1.336 26.36
UF 10-30 1.89 1.95 0.06 0.035 0.312 1.154 22.765
30-60 1.76 1.85 0.09 0.052 0.697 2.579 50.878
sum 5.8 6.09 0.29 0.168 1.368 5.069
Mean 5.645 5.955 0.31 0.189 1.304 4.826
0-10 2.00 2.23 0.23 0.133 0.593 2.194 50.17
Urea 10-30 1.79 1.86 0.07 0.041 0.362 1.339 30.62
30-60 1.69 1.72 0.03 0.017 0.227 0.840 19.21
T sum 5.48 5.81 0.33 0.191 1.182 4.373
2 0-10 211 2.31 0.2 0.116 0.517 1.913 49.753
UF 10-30 1.87 1.88 0.01 0.006 .0.054 0. 200 5.201
30-60 1.66 1.72 0.06 0.035 0.468 1.732 45.045
sum 5.64 591 0.27 0.157 1.039 3.845
Mean 5.56 5.86 0.30 0.174 1.111 411
0-10 2.02 2.23 0.21 0.122 0.544 2.013 65.935
Urea 10-30 1.80 1.81 0.01 0.006 0.054 0.200 6.551
30-60 1.70 1.73 0.03 0.017 0.227 0.840 27.51
T sum 5.52 5.77 0.25 0.145 0.824 3.053
3 0-10 2.00 2.28 0.28 0.162 0.722 2.671 38.299
UE 10-30 1.80 1.89 0.09 0.052 0.463 1.731 24.820
30-60 1.68 1.77 0.09 0.052 0.695 2.572 36.88
sum 5.48 5.94 0.46 0.267 1.880 6.974
Mean 55 5.855 0.36 0.206 1.352 5.013
0-10 211 2.24 0.13 0.075 0.334 1.236 55.576
Urea 10-30 1.81 1.83 0.02 0.012 0.107 0.386 17.356
30-60 1.72 1.74 0.02 0.012 0.160 0.592 26.619
T sum 5.64 5.81 0.17 0.099 0.601 2.224
4 0-10 2.05 2.29 0.24 0.139 0.620 2.294 48.965
UE 10-30 1.81 1.89 0.08 0.046 0.410 1.517 32.38
30-60 1.70 1.73 0.03 0.017 0.227 0.840 17.93
sum 5.56 5.91 0.35 0.203 1.257 4.685
Mean 5.6 5.86 0.26 0.151 0.929 3.438
Mean of urea 5.533 5.803 0.27 0.157 0.962 3.559
Mean of UF 5.62 5.963 0.340 0.199 1.386 5.128
sequestered-C relative increase % for
UF to urea 44.074
Averaged sequestered-C of intercrops 1.208
Averaged sequestered-C of sole crops 1.141
sequestered-C relative increase % for 5383

intercrops to sole crops

Change in OM% = OM; % - OM;%

OMgs isOM analysis after the end of growing season 6

OM; isOM analysis after the end of growing season 1 cumulative C% = (OMs % - OM;%) x 0.58
SC, tonfed™ = fed. area ( m?) x layer depth (m) x OC % x BD (Mg/m®) CO,=Cx 3.7

In conclusion, it seems that the intercropping system
and slow release N-fertilizer could positively contribute to
increase crop Yyield and other multiple agro-ecosystem
services; the interaction among the different studied elements
of this experiment has facilitated opportunity for the soil
chemical, physical and biological processes to achieve their
important role in improving soil properties and consequently,
resulted in these positive promised implications and finely
indeed ensured and sequestered organic carbon. Thus,
agriculture soil could be useful instrumental in formulating
efficient strategies related to carbon sequestration and
reduction of CO,emissions.
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