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ABSTRACT 
 

This study has been carried out through an experiment conducted at El-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 CO2which 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-1for 
sunflower/cowpea intercrop,110 kg N fed-1 for wheat/peas intercrop, 30 kg N fed-1forsole sunflower and 30 kg N fed-1for sole 
cowpea from urea added for every season.100kg N fed-1 for sunflower/cowpea intercrop,50kgN fed-1 for sole sunflower and 
50kgN fed-1 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 CO2 emissions have been weekly 
measured from October 3rd, 2010 to May 9th, 2013, us ingstatic chamber technique. Such emissions have been absorbed through 
NaOH followed by HCl 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 45Cº 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-CO2.The 
quantities of soil-CO2 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 CO2 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 CO2; sequestered-carbon. 
 

INTRODUCTION 
 

To mitigate global warming, carbon 
sequestration strategy (The process of removing carbon 
from the atmosphere and depositing it in a reservoir) 
may be the reliable key to achieve it. Soil is an ideal 
reservoir for storage of organic carbon (OC) (Flach et 
al., 1997; Paustian et al., 1997a, 1997b; Lal et al, 1998; 
Bruce et al.,1999; Sperow et al., 2003). The soil C pool 
naturally comprises soil organic C estimated at 1550 Pg 
(1 peta gram =10

15
 g = 1 billion ton) and soil inorganic 

C approximates 750 Pg 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 organic 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 
Wang 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 organic 
matter up to 50%.Lal (2000)stated that most croplands  
lost 30-40 Mg C ha

-1
 and most degraded soils lost 40-60 

Mg C ha
-1

.Lal(2001)calculated a reduction in soil C 
pool by 1 Pg is equivalent to an atmospheric enrichment  
of CO2 by 0.47 ppm. On the other hand, Tans et 
al.,(1990) calculated the potentiality for increasing C as 
CO2 storage into soils and found that it equals 1.3 – 2.4 
10

9
 metric tons of carbon year

-1
. 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 

years with appropriate land management. Soil C 
sequestration studies in the crop land of major countries  
showed that the cropland can sequester about 75-208 Tg 
C yr

-1
 in US, 24 Tg C yr

-1
 in Canada, 90-120 Tg C yr

-1
 

in the European Union, 105-198 Tg C yr
-1

 in China and 
39-49 Tg C yr

-1
 in India (1 Tera gram= 10

12
 g) 

(Hutchinson et al., 2007). Smith and Falloon(2005) 
reported that the  potentiality for carbon storage in 
European  cropland is about 90-120 Tg Cyear

-1
.  

Estimation of C sequestration potential on crop land 
under corn in the Piketon County, Ohio, USA was 
8.53 ± 0.2 Mg ha

-1
(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 system 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 recognized in temperate areas 
(Hauggaard- Nielsenet al.,2001).Although little is 
known about C sequestered in intercropping practices, 
recently some studies conformed it. Mungai and 

http://www.arc.sci.eg/InstsLabs/Default.aspx?OrgID=3&lang=en
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17633030
http://www.ncbi.nlm.nih.gov/pubmed?term=Falloon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17633030
http://www.ncbi.nlm.nih.gov/pubmed?term=Falloon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17633030
http://www.ncbi.nlm.nih.gov/pubmed?term=Falloon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17633030
http://www.ncbi.nlm.nih.gov/pubmed?term=Falloon%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17633030
http://link.springer.com/search?facet-author=%22Subhendu+Adhikari%22
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Motavalli (2006) observed that legume-based inter 
cropping systems significantly 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

-1
  and was 1.6 times more 

than in sole-maize. Fang et al.(2010) stated that 
sequestered C reached 16.7 ton C ha

-1
 for the poplar-

wheat–soybean intercropping system and 18.9 ton C ha
-

1
 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 CO2 release from the soil 
caused by future elevated temperature may have a 
positive feedback effect on the atmospheric CO2 and 
global change. Besides temperature and moisture effects 
on soil or ecosystem respiration (soil CO2 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 
systems. This hypothesis has recently been supported by 
the study of Khan et al.,(2007) who showed that high 
mineral fertilization (NPK) led to significant losses of 
soil organic carbon during 51years of continuous maize 
cropping at the Morrow plots (Illinois, USA). 

The 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 
problems; N-volatilization, N-leaching, N-pollution and 
low fertilization efficiency. The second one is a 
condensed urea molecules product 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.,(1992).Alexander 
and Helm (2007) reviewed several trial results with UF 
products showing the beneficial effects of the particular 
kind of slow release nitrogen fertilizer in meeting needs 
for improved fertility management and reduced N-
pollution for agro-ecosystem. Abbady et al.,(1997), 
Hegazy et al.,(1998) , Abbady et al.,(2003),Abbady et 
al.,(2008) and Abd El-Aal et al.,(2008)reported that 
application of UF led to increase yield with 10-30%. 

Because of enhancing energy consumption 
efficiency is a one of the tools used to sequester or 
lower CO2 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 CO2 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 productivity, soil &crop carbon 
sequestration and soil CO2emissions. 

 

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 unguiculata 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 
pattern. Those two patterns have alternatively 
frequented for three consecutive years to study the 
impact of such intercropping practice and N fertilization 
on soil CO2 emissions, soil and crop carbon 
sequestration , soil properties and crop productivity 
targeting to contribute in mitigating the atmospheric 
CO2 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-CO2 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 (configurations) 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 planted in the same plots for 
consecutive 3 years.(b) the treatments of sub- plots have 
represented the two types of N fertilizers; urea as an 
ordinary fertilizer(46.5N) and ureaform (40%N)as a 
slow release fertilizer. The rate of 60 kg Nfed

-1
 for 

sunflower/cowpea intercrops ,110 kg Nfed
-

1
forwheat/peas intercrops,30 kg Nfed

-1
for sole 

sunflower, 30 kg Nfed
-1

 for sole cowpea,40 kg Nfed
-1

 
for sole peas and70 kg Nfed

-1
 for sole wheat taken from 

urea which have been added for every growth 
season.100kg Nfed

-1
 for first pattern , 50 kg Nfed

-1
 for 

sole sunflower and  50kg Nfed
-1

 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 of120 cm wide and 20 cm high 
beds with planting one plant hill

-1
 , 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 
planted on the same plots of prior intercrops. the wheat 
has 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 phosphorus and 
potassium fertilizers have been received. Plant samples 
have been taken from each plot at harvesting stage to 
determine the yield weight of both intercrops patterns 
and sole crops. 

Soil CO2 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 CO2 emissions have been 
based on the static chamber technique( Zibilske,1994) in 
which an increasing CO2concentration 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 

http://www.researchgate.net/researcher/82960861_Alvin_Alexander/
http://www.researchgate.net/researcher/82965740_Hans-Ulrich_Helm/
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distances) has been placed and inserted for depth of 
nearly 7.0 cm(without any plant under it ).In each 
chamber, 1N NaOH solution trap (400 cm

3
) 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 
readings) 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 traps changing. The emitted CO2 has been 
absorbed by NaOH. Reacted alkali in the NaOH traps 
with CO2 emitted from soil forming Na2CO3 has been 
reacted chemically with added 1N BaCl2 solution. Back-
titration with 1N HCl and in existing of phenolphthalein 
as an indicator to determine the unreacted NaOH has 
been done(Anderson et al.,1982).Then, the emitted-
CO2equivalents have been calculated by subtracting the 
equivalents of HCl used in back-titration(equivalents of 
unreacted NaOH) from equivalents of used total NaOH. 
Soil CO2 emissions, soil temperature and soil moisture 
have been recorded weekly from October 3

rd
, 2010 to 

May9
th

, 2013.Measurements have been uniformly 
recorded at nearly hour of 12-12.30am.Cumulative CO2 
emissions for each season of 6 successive seasons have 
been calculated using the following relationship: 
CO2kgfed

-1
season

-1 Xi +1+Xi2++... Xi+ n         
where (i) is first week of the first growing season when 
first CO2 measurement has been taken , (n)is the last 
week of the last growing season when last CO2 

measurement has been taken, (X) is 
CO2measurement(kg fed

-1
week

-1
).The yield of each 

crop has been recorded every growing season. Before 
planting, soil samples from the surface layer (0-30) have 
been taken from the experiment site, air-dried, ground, 
sieved through a 2 mm sieve and analyzed for some 
physical 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

-1
(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 (1936) 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 

Depth 

cm 

Cations  Me L-1 Anions  Me L-1 
N 

mgkg-1 

O.M        

% 

EC 

dSm-1 

pH 

1:2:5 

Particle size distribution 

Texture 
K+ Na+ Mg++ Ca++ So---4 Cl- HCO-3 

Sand 

% 

Silt 

% 

Clay 

% 

0-10 

10-30 

30-60 

0.32 

0.36 

0.32 

4.75 

5.60 

5.25 

3.50 

3.50 

3.50 

2.50 

3.00 

3.00 

4.07 

4.46 

4.07 

6.50 

7.50 

7.50 

0.50 

0.50 

0.50 

55.50 

53.50 

53.60 

2.10 

1.80 

1.77 

1.11 

1.25 

1.21 

7.11 

7.30 

7.11 

7.50 

6.75 

5.50 

37.00 

35.75 

36.50 

55.50 

58.50 

59.00 

Clay 

Clay 

Clay 

RESULTS AND DISCUSSION 
 

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 (CO2).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 CO2 
and to reduce the release of CO2 to the atmosphere from 
agricultural soil and subsequently mitigate global 
warming. 
1. Soil carbon dioxide (CO2) emissions: 
1.1. Under dry and wet condition. 

Fig.(1) show the results of soil-CO2 emissions 
released from non-irrigated (01) and irrigated (02) plot 
treatments-both have been uncultivated and unfertilized-
which have been carried out for 6 successive seasons. 
Clearly, emitted-CO2 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 CO2 
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 

intensities and their frequencies that affect the 
decomposers of organic matter stock and also their 
propagation, in this connection, Xu, et al.,(2004)stated 
that soil respiration (emitted CO2) 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 generally illustrated that total 
amounts of emitted-CO2 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-CO2 or CO2-C quantities from irrigated-
treatment have been higher than those of non-irrigated 
one where they have amounted(on averaged) 4.13ton 
CO2fed

-1
(1.12 ton CO2-C fed

-1
)for former, and 3.63 

tonCO2fed
-1

(0.98 ton CO2-Cfed
-1

) for latter with 
percentage difference of 13.77%, the relatively high 
magnitude belonging to winter emitted CO2 may be 
attributed to the effect of some precipitation which have 
been fallen during such period on soil moister content 
and consequently on increase the emitted-CO2, as well 
as there has been evident variation between summer and 
winter total measurements of CO2,either under irrigated 
or non-irrigated plot treatments. For summer seasons, 
they have varied between 4.06(1.1CO2-C) and 5.13ton 
CO2fed

-1
(1.39tonCO2-Cfed

-1
) under irrigated treatment 

and from 3.76(1.02 CO2-C
-
) to 4.41ton CO2fed-

1
 

(1.19ton CO2-Cfed
-1

) under non-irrigated one. For 
winter seasons, such values have varied between3.08 
(0.83 CO2-C) and 4.03 ton CO2fed

-1
 (1.09ton CO2-Cfed

-
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1
) under irrigated treatment and between 2.61 (0.7 CO2-

C) and 3.74 ton CO2fed
-1

 (1.01 tonCO2-Cfed
-1

) under 
non-irrigated one. The percentage differences between 
the CO2 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 
agreement 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 
CO2.This result would be taken into consideration 
because these emissions play 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, 
T1,T2,T3 and T4) effect on soil temperature (ST), soil 
water content (SWC) and CO2-emitted from soil during 
carrying out the varied agriculture processes 
(fertilization, irrigation, wedding....etc) for 6 successive 
seasons as well as during 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 
cº while in all winter seasons, there  has been downward 
trend for such degrees ranged from 34 to 12 cº, 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 .It is also observed that on most studied 
seasons, no difference between ST degrees under urea 
or UF treatments has been occurred. Under intercrops 
patterns (T1 and T2), the ST degrees have been few 
lower than those of sole crops (T3 and T4). 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 
greater than that of summer seasons where their levels 
have 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 resulting 
from water absorbance by crops or water drainage and 
dryness of surface soil .Thirdly, 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 T1 and 
T2 and sometimes under T3 and T4 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 CO2 released under all 
treatments have taken a pattern of maximized or 
minimized CO2 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 ) on the 
mineralization capacity of the soil organic matter and 
CO2 release or the root respiration or the biological 
activity in this experiment, because  no consistency 
between the seasonal patterns of ST degrees or SMC 
and those of emitted-CO2 have been realized. It is 
observed an increasing CO2 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 growth, activity and respiration of the roots 
which may be varied accordingly, their type and nature. 
Also, in all studied seasons, CO2 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 CO2 emissions from T1 and T2 (intercrops) 
have sometimes been slightly higher than those of T3 
and T4 (sole crops), this is 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 CO2 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 density of roots systems of 
intercropping patterns and seasonal changes. Similar 
results have been obtained by several studies for 
example, Makumba et al.,(2007) , Iqbal  et al.,(2008) 
and  Ussiri and Lal (2009). 

Correlation analysis has been undertaken 
between soil CO2 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 CO2 emissions 
and each one of ST and SMC under non-irrigated or 
irrigated plot treatments, where R

2
 ranged from 0.001 to 

0.282 for former and from 0.0002 to 0.2799 for latter. 
However, slight increase in R

2
 values belonging to ST 

of non-irrigated plot has been observed. The mixed 
results without limited trend for R

2
 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 
CO2emissionsand ST under urea or UF treatment;R

2
 for 

former ranged from 0.003 to 0.40 and ranged from0.002 
to 0.05 for latter. 

Under intercropping and sole crop patterns (on 
average);R

2 
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 CO2 
emissions on soil temperature and moisture has been 
occurred. Apparently, the results of soil CO2 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 3 
cultivating seasons and N-fertilizer treatments on crop 
yield and biomass carbon (biomass-C). There has been 
significant positive effect (p< 0.05) for intercropping 
configurations on sunflower stalks & seeds yield, 
cowpea yield 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 atmosphere where they use their primary 
function (photosynthesis) to produce plant biomass as a 
precursor soil organic carbon input, crop yield data have 
been calculated as biomass-C (biomass-C ton fed

-1 
= 

crop yield in ton fed
-1

 x 0.58).Averaged seasonal 
biomass-C values have ranged from 13.06 to16.10ton C 
fed

-1
season

-1
and amounted 41.78 ton C fed

-1
 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. 

  

  

  
Fig.(1): CO2 emissions released from soil under dry and wet conditions for 6 seasons of 3 successive years 

 

Table (2): Total soil CO2emissions and its quantity in carbon form ( tonfed-1)of 6successiveseasons for non-irrigated and 

irrigated plot treatments 

Season 
Treatment 
plot S
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1
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5
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6
 Mean of 

Summers 
Mean of 
Winters 

Mean  of 
Irrigation 

status 

Summers, 
Winters 

Difference% 

( tonfed-1 ) 

Non irrigated 
CO2 3.99 2.61 3.76 3.24 4.41 3.74 4.05 3.20 3.625 

26.56 
CO2C 1.08 0.70 1.02 0.88 1.19 1.01 1.09 0.86 0.98 

Irrigated 
CO2 4.06 3.08 4.49 4.01 5.13 4.03 4.56 3.71 4.13 

22.91 
CO2C 1.1 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 
influenced by intercrops (T1&T2) and sole crops 
(T3&T4), it is demonstrated that averaged value of 
former has been obviously superior to those of latter 
where the averaged-values of intercrops have ranged 
from 16.07to18.63 tonCfed

-1
season

-1
while they have 

ranged from 9.71 to 13.57 ton Cfed
-1

season
-1

for sole 
crops over the studied 3seasons. The total biomass-
Quantities of averaged-value for intercrops have 
amounted 11.53 ton Cfed

-1
and amounted 7.72ton Cfed

-

1
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 for former have ranged 
from13.28 to16.66 ton Cfed

-1
season

-1
and ranged from 

12.82 to 15.54 ton Cfed
-1 

season
-1

for latter over the 
3studied seasons. The total quantity of averaged-
biomass-C value of UF fertilizer has amounted 42.13 
ton Cfed

-1
. Such value for urea fertilizer has amounted 

40.56ton Cfed
-1

.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 

studied seasons. Most works that deal with intercrops 
&sole crops patterns have  recorded clear superior crop 
biomass for former to latter, for example , Natarajan and 
Willey(1986),Ajeigbe et al.,(2008) and Latati et 
al.,(2013).Also, several studies confirmed on the 
superiority of crops yield 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 3cultivating 
seasons and N-fertilizer treatments on crop yield and  
biomass-C values has been markedly lower than that of 
previous mentioned intercrops pattern (Table 3).There 
has however been clear significant difference  for 
intercropping configurations 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 fed

-1
season

-1
for 3 seasons. 

Averaged biomass-C values have ranged from 3.79 to 
3.99 ton C fed

-1
season

-1
 for intercrops pattern and 

ranged from 2.55 to 2.7 ton C fed
-1

season
-1

 for sole 
crops pattern. Also, biomass-C relative increase for 
intercrops to sole crops values have ranged from 44.45 
to 52.99 % and amounted 49.38 % for 3 seasons. The 

http://www.sciencedirect.com/science/article/pii/0378429086900158
http://www.sciencedirect.com/science/article/pii/0378429086900158
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biomass-C values have been influenced by N-fertilizer 
types where they have ranged from 3.06 to3.23 ton 
Cfed

-1
season

-1
for urea and from 3.28 to 3.49 ton Cfed

-

1
season

-1
for UF and amounted 9.23 for former and 9.97

 

ton C fed
-1

season
-1

for 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 % 

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 crops 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). 

Weeks                                                                  Weeks                                                                

First season of first year, summer 2010 

                                              

 

 

 

 

 

                                                       

 

 

 

                              
                                  
 

 

 

 

 

 

 

 

 
                                Weeks                                                                                   Weeks                                                                                       
                                               Second season of first year, winter 2010-2011 
Fig.(2): Soil temperature (a), soil moisture (b) and soil emitted CO2 (c) at different treatments during first year of 3 successive years. 
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Weeks                                                                                                                      We eks 

First season of second year summer 2011 

  

  

  

                                     Weeks                                                                                               Weeks 

Second season of second year, winter 2011-2012 

Fig.(3): Soil temperature (a), soil moisture (b) and soil emitted CO2 (c) at different treatments during second 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 (Reco) 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 5represent the total 
carbon yield of different intercropping configurations, total 
(cumulative) emitted CO2& their values in carbon form, 
sequestered carbon for every season andits final resultant of 
the 3 seasons which reveal that, in all studied seasons: Firstly, 
the intercrops patterns (T1andT2) as a carbon values have been 
superior to those of sole crops patterns (T3andT4) and 
statistically have had positive significant effect. The carbon 
which has been collected from atmosphere by former ranged 
from 15.38 to 18.78ton Cfed-1and ranged from 9.38 to 
13.57ton C fed-1by latter. 

This effect has been expected and due to the 
higher obtained yield of intercrops patterns. Secondly, 
soil emitted CO2 values under intercrops patterns (T1 
andT2) have been slightly inferior to those of sole crops 
(T3 andT4)where these values have ranged from2.04(1.1 
CO2-C ton fed

-1
)to4.84 ton CO2 fed

-1
(1.31 CO2-C fed

-1
) 

under former and from 3.91(1.05CO2-C ton fed
-1

)to 5.15 
ton CO2fed

-1
(1.39CO2-C tonfed

-1
) under latter, their 

final resultant of the 3 seasons ranged from3.38to3.47 
CO2-C tonfed

-1
for former and from 3.63 to 3.64 CO2-C 

ton fed
-1

for latter. Thirdly, sunflower-cowpea intercrop 
carbon values related to urea treatments(on average) 
have been inferior to those of UF treatments, such 
values have ranged from 12.60 to15.27ton CO2-C fed

-

1
for former and ranged from13.06 to 16.38 ton CO2-C 

fed
-1

 for latter. Fourthly, soil emitted CO2 values related 
to urea treatments (on average) have been superior to 
those of UF treatments where these values have ranged 
from 4.39 to 5.58tonCO2 fed

-1
(1.19 to1.51 ton CO2 -

Cfed
-1

) for former and from3.80 to4.32ton CO2 fed
-

1
(1.03 to1.17ton CO2-Cfed

-1
) for latter. Fifthly, crop 

sequestered carbon values have been influenced 
significantly by intercropping configurations, urea and 
UF treatments; the data demonstrate that the averaged 
sequestered-C values of intercrops have seasonally 
ranged from14.74 to17.01ton CO2-Cfed

-1
and their final 

resultant amounted 46.76ton CO2-Cfed
-1

for 3 seasons 
while such values for sole crops have seasonally ranged 
from 8.45 to11.97 ton CO2-Cfed

-1
and their final 

resultant amounted 29.58 ton CO2-Cfed
-1

.Thereby, 
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 to15.21ton CO2-Cfed

-

1
and amounted 39.70ton CO2-Cfed

-1
for the 3 seasons. 

Such values for urea fertilizer have ranged 
from11.35to13.76ton CO2-Cfed

-1
 and amounted 36.64 

tonCO2-Cfed
-1

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(T1and T2) on carbon 
collected from atmosphere more than did with sole 
crops(T3 and T4) where such carbon values have 
seasonally ranged from 3.43to 4.26 tonCO2 -Cfed

-1
for 

former and from 0.54 to 4.59ton CO2-Cfed
-1

for 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 CO2 
regarding intercrops treatments and those of sole crops 
ones. Fourthly, soil emitted CO2 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 to2.97ton CO2-Cfed

-1
and that of sole crops 

ranged from 2.43 to 3.19 ton CO2 -Cfed
-1

and the  carbon 
final resultant of 3 seasons have amounted 8.06 - soil 
emitted carbon, tonfed

-1
ton CO2 -Cfed

-1
for former and 

8.62 ton CO2 -Cfed
-1

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 to1.98 ton CO2 -Cfed

-1
 for former and 

from1.95 to 2.58 ton CO2 -Cfed
-1

 for latter. The final 
resultant has amounted 5.56 ton CO2 -Cfed

-1
for former 

and 6.81 ton CO2 -Cfed
-1

 for latter. The sequestered-C 
relative increase for UF to urea has ranged from 14.6 
to30.05% 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 CO2-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 CO2-C emissions 
produced during manufacture N-fertilizers, calculated in ton 
fed-1 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-1 for urea  at  one year and ranged from 0.738  to 
1.26 ton fed-1 at three years. Such values for UF have ranged 
from  0.123 to 0.246 ton fed-1  at one year and from 0.369  to 
0.738 ton fed-1for 3 years.CO2-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 CO2-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 CO2- 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.(4): Soil temperature (a), soil moisture (b) and soil emitted CO2 (c) at different treatments during third   

             year of 3 successive years 
 

 

 

 

 

  

Weeks                                                                                 Weeks 
First season of  third year, summer 2012 

  

  

 

 

Weeks                                                                          Weeks 
Second season of  third year, winter 2012-2013 
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            ____________ Temperature ____________                            __________ Moisture ___________                               

(a)    

 
                                ____________________________   CO2 (kg fed-1)_________________________________ 
(b) 

   
                ____________________________  CO2 (kg fed-1)_____________________________ 
                                                                        CO2 emissions for 

first year 

(a) 

    
                                 __________________________   CO2 (kg fed-1)______________________________ 
(b) 

 
                 _______________________   CO2 (kg fed-1)_________________________________ 

                                                              CO2 emissions for second year 

(a) 

    
                                ___________________________ CO2 (kg fed-1)_________________________________ 
(b) 

    
                            ______________________   CO2 (kg fed-1)_________________________________ 

                                                              CO2 emissions for third year 
Fig.(5):  Correlation between CO2emissions and  soil temperature and soil moisture content under dry and 

wet conditions at every first season (a) and every second season (b) of 3 successive years  
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    ______________   Temperature________________          _____________   Moisture ______________ 

 (a)                                

  
                             ____________________________CO2 (kg fed-1)_________________________________ 
 

          

  
                                 ____________________________ CO2 (kg fed-1)______________________________ 
   ( b)                                                                                                                                                

                                                                                                                                                                                                                                             

 
                               ____________________________ CO2 (kg fed-1)________________________________ 

                                                                            

  
 

                              ____________________________CO2 (kg fed-

1)______________________________ 

 
Fig.(6):  Correlation between CO2emissions and  soil temperature and soil moisture content under different 

studied treatments at first season (a) and second season (b) of first year. 2010-2011 
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             ___________    Temperature  ____________                    ______________ 

Moisture  ____________   

(a)  

  
                                                                                
                              __________________________CO2 (kg fed-

1)_______________________________ 
            

    
                                  _______________________________CO2 (kg fed-1)___________________________ 
 

(b) 

  
                           _____________________________CO2 (kg fed-

1)_________________________________ 

 

     
                             ____________________________ CO2 (kg fed-

1)______________________________ 
Fig.(7): Correlation between CO2 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 (T1 andT2) & sole crops (T3 andT4) 
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-1= fed. 
area ( m2) x layer depth (m) x OC%  x  BD (Mgm3)  

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 to1.304 ton-1fed and ranged from 0.929 
to1.352tonfed-1 for latter, the equivalent values of SCO2 have 
ranged from 4.11 to 4.826tonfed-1 for former and ranged from 
3.438 to 5.013ton-1fed  for latter . Averaged sequestered-C of 
intercrops value has amounted 1.208 tonCfed-1and amounted 
1.141ton Cfed-1for 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. 

                       __________Temperature_______________                    ___________Moisture___________  

(a)  

  
                                        ______________________________ CO2 (kg fed-1)______________________________ 

    
                                   ________________________CO2 (kg fed-1)________________________________ 

 

(b) 

  
                                    _____________________________ CO2 (kg fed-1)______________________________ 

   
                              ________________________________ CO2 (kg fed-1)__________________________________ 
Fig. (8):  Correlation between CO2emissions and  soil temperature and soil moisture content under different 

studied treatments at first season (a) and second season (b) of  third year. 2012-2013 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Cong%20WF%5BAuthor%5D&cauthor=true&cauthor_uid=25216023
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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) 

S
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b
o
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Treatments 
Yield ( Ton fed-1) 

Total yield of 

3 seasons         

ton. fed-1 

first season, 2010-2011 second season, 2011-2012 third season, 2012-2013 

Intercropping 

system    (A) 

N. type 

(B) 

sunflower cowpea Total sunflower cowpea total sunflower cowpea total 
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T1 2 2 

urea 16.33 1.66 12.13 30.12 17.47 13.77 1.40 11.50 25.27 14.66 15.17 1.50 11.39 28.05 16.27 83.44 47.56 

UF 17.50 1.70 13.07 32.27 18.72 14.14 1.44 11.71 27.29 15.83 15.87 1.56 11.74 29.16 16.91 88.71 50.56 

average 16.91 1.68 12.60 31.22 18.09 13.95 1.42 11.61 26.97 15.25 15.52 1.53 11.56 28.61 16.6 86.80 49.48 

T2 2 3 

urea 14.00 1.57 15.87 31.44 18.24 12.37 1.49 14.82 28.67 16.63 13.07 1.49 12.93 27.48 15.93 87.58 49.93 

UF 15.86 1.53 17.27 34.66 20.10 12.67 1.51 15.28 29.46 17.09 13.77 1.53 13.09 28.38 16.46 87.58 49.93 

average 14.93 1.55 16.47 32.95 19.17 12.52 1.50 15.05 29.06 16.88 13.42 1.51 13.01 27.93 16.20 89.93 51.27 

T3 0.0 4 

urea   23.33 23.33 13.53   18.74 18.73 10.86   16.24 16.24 9.42 58.30 33.23 

UF   24.27 24.27 14.08   19.60 19.60 11.37   16.66 16.66 9.66 60.52 34.50 

average   23.8 23.80 13.80   19.17 19.16 11.11   16.45 16.45 9.54 59.41 33.86 

T4 2 0.0. 

urea 20.53 1.72  22.25 12.91 14.93 1.55  16.48 9.56 15.17 1.50  16.66 9.66 55.39 31.57 

UF 21.93 1.82  23.75 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 15.52 1.56  17.00 9.90 15.52 1.53  17.04 9.88 57.04 32.51 

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 

Biomass-C relative increase % 

for intercrops to sole crops 
37.29 52.90 68.88 51.77 

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 % 

for UF to urea 
7.23% 5.46% 3.59 3.86 

L S D at 0.05 

A 

B 

AX B 

1.99 

1.74 

N.S 

0.03 

N.S 

N.S 

1.65 

N.S 

N.S 

0.33 

0.20 

0.38 

0.16 

0.13 

0.24 

0.96 

2.16 

N.S 

0.02 

0.10 

N.S 

0.62 

1.66 

N.S 

0.21 

0.14 

0.2 

0.16 

0.18 

0.35 

2.91 

N.S 

N.S 

0.02 

0.07 

N.S 

1.88 

N.S 

N.S 

10.24 

N.S 

N.S 

0.17 

0.13 

0.24 

0.18 

0.14 

0.27 

0.27 

0.20 

0.39 

Biomass-C. means the carbon absorbed from atmospheric CO2 through photosynthesis and stored inside the plant 

Biomass-C, ton fed-1 = crop, ton fed-1 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) 

Sy
mb
ol 

Treatments 
Yield ( ton fed-1) 

Total yield 
ton fed-1 

fourth season ,2010-2011 fifth season ,2011-2012 sixth season ,2012 -2013 

Inter cropping 
system    (A) N. type 

(B) 
Wheat Peas 

Total yield 

Wheat Peas 

Total yield 

Wheat Peas 

Total  yield 

crop 
biomass-

C 
crop 

 
biomass-

C 
crop 

biomass-
C 

crop 
biomass-

C wheat 
row 

Peas 
row 

T1 3 2 
urea 5.32 0.54 5.86 3.39 5.20 0.53 5.73 3.32 5.45 0.47 5.92 3.43 17.50 9.98 
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 

T2 
 
5 

2 
 

urea 6.41 0.52 6.93 4.02 6.33 0.46 6.79 3.94 6.73 0.50 7.23 4.19 20.94 11.94 
UF 7.47 0.56 8.03 4.66 6.80 0.51 7.31 4.24 6.87 0.54 7.41 4.30 22.75 12.97 

average 6.94 0.55 7.49 4.34 6.57 0.48 7.05 4.09 6.80 0.52 7.32 4.25 21.85 12.47 

T3 0.0. 2 
urea  0.92 0.92 0.54  0.96 0.96 0.56  0.96 0.96 0.56 2.86 1.62 
UF  0.97 0.97 0.55  0.98 0.98 0.57  0.98 0.98 0.57 2.94 1.67 

average  0.95 0.95 0.54  0.97 0.97 0.57  0.97 0.97 0.57 2.89 1.65 

T4 6 
 

0.0 
 

urea 7.72  7.72 4.48 7.60  7.60 4.41 8.13  8.13 4.72 23.45 13.37 
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 24.19 13.79 
Average of  seasonal   biomass-
C 

3.30 3.17 3.3 9.63 

Averaged  biomass-C  of 
intercrops 

3.99 3.79 3.9 11.53 

Averaged  biomass-C  of sole 
crops 

2.61 2.55 2.7 7.72 

biomass-C  relative increase % 
for intercrops to sole crops 

52.99% 48.62% 44.45 49.38 

Averaged   biomass-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 

12.2 % 7.20 % 4.50 % 8.05% 

L S D at 0.05 
A 
B 

AX B 

0.36 
0.26 
NS 

0.05 
0.02 
NS 

0.66 
0.71 
1.34 

1.26 
0.44 
0.84 

0.39 
0.27 
NS 

0.024 
NS 
NS 

0.96 
0.37 
0.70 

1.29 
0.38 
0.72 

0.31 
0.09 
NS 

0.02 
0.019 
NS 

0.77 
0.14 
0.26 

1.03 
0.12 
0.23 

0.31 
0.009 
0.01 

0.66 
0.06 
0.11 

Biomass-C. means the carbon absorbed from atmospheric CO2 through photosynthesis and stored inside the plant 

Biomass-C, ton fed-1 = crop yield, ton fed-1 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 to1.880 ton Cfed-1  for UF and from 0.601 to 1.240 ton 
C fed-1 for urea (sum SC values for 3 successive layers) 
.corresponding averaged values of   SCO2 have ranged from 
3.845  to 6.974 ton CO2fed-1 for UF and from 2.224 to 4.582 
CO2fed-1 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 summer season and total soil emitted-carbon &total crop 

sequestered-carbon for the 3 summer growth seasons  in Tonfed-1 

S 
Y 
M 
B 
O 
l 

Treatments 
Yield , Ton fed-1 Total C,Ton fed-1 

2010 2011 2012 

Emitted 
carbon 
from 
soil 

Sequeste
red 

carbon 

Inter 
cropping 

system    (A) N. Form 
(B) 

sunflowe
r-cowpea 
carbon 

Emitted 
CO2 

from soil 

Emitted 
carbon 
from 
soil 

Sequeste
red 

carbon 

sunflowe
r-cowpea 
carbon 

Emitted 
CO2 

from 
soil 

Emitted 
carbon 

from soil 

Sequeste
red 

carbon 

sunflower
-cowpea 
carbon 

Emitted 
CO2  
from 
soil 

Emitted 
carbon 
from 
soil 

Sequester
ed 

carbon 
Sunflo

wer 
row 

Cowpe
a 

row 

T1 
 

2 2 
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 
UF 18.39 4.20 1.13 17.25 15.56 3.00 0.811 14.74 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 

T2 
 

2 3 
urea 17.92 5.08 1.37 16.55 16.35 4.29 1.16 15.19 15.66 4.81 1.29 14.36 3.82 46.09 
UF 19.76 4.60 1.24 18.51 16.79 3.58 0.97 15.83 16.18 3.37 0.91 15.26 3.12 49.59 

average 18.78 4.84 1.31 17.53 16.56 3.93 1.06 15.51 15.92 2.04 1.10 14.81 3.47 47.85 

T3 0.0 4 
urea 13.30 5.89 1.59 11.71 10.68 4.38 1.18 9.49 9.26 4.64 1.25 8.03 4.02 29.23 
UF 13.83 4.41 1.19 12.64 11.17 3.91 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 

T4 2 
 

0.0 
 

urea 12.68 5.89 1.59 11.09 9.39 4.42 1.19 8.20 9.49 4.46 1.21 8.29 3.99 27.58 
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 1.35 11.76 9.74 4.56 1.23 8.50 9.72 3.91 1.05 8.66 3.63 28.92 
average of Urea 15.27 5.58 1.51 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 1.17 15.21 13.40 3.80 1.03 12.37 13.06 4.04 0.93 12.12 3.12 39.70 
% sequestered-C relative 
increase for UF to urea 

10.51 7.42 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 
sole crops 

42.06 60.99 77.75 58.06 

L S D at 0.05 
A 
B 

AX B 

2.26 
0.18 
0.34 

0.17 
0.12 
0.23 

0.28 
0.20 
0.38 

0.11 
0.08 
0.15 

0.58 
0.41 
0.77 

0.01 
0.009 
0.01 

0.13 
0.08 
0.16 

0.37 
0.24 
0.46 

0.14 
0.09 
0.18 

0.32 
0.21 
0.41 

0.37 
0.24 
0.46 

0.29 
0.20 
0.38 

0.11 
0.08 
0.16 

1.04 
0.68 
1.29 

Emitted carbon= Emitted CO2x0.27 

Crop sequestered carbon, ton fed-1= sunflower-cowpea intercrops yield as a carbon tonfed-1- soil emitted carbon, tonfed-1 
 

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 

Sym

bol 

Treatments Yield, Ton fed-1 
 

Total, Ton fed-1 

Inter 

cropping 

system    (A) 
N. Form 

(B) 

2010-2011 2011-2012 2012-2013 

Emitted 

carbon 

from soil 

Sequeste

red 

carbon 

Wheat 

-Peas  

carbon 

Emitted 

CO2 

from 

soil 

Emitted 

Carbon 

from 

soil 

Sequeste

red 

carbon 

Wheat-

Peas  

carbon 

Emitted 

CO2 

from soil 

Emitted 

carbon 

from soil 

Sequester

ed carbon 

Wheat-

Peas  

carbon 

Emitted 

CO2 

from soil 

Emitted 

carbon 

from 

soil 

Sequeste

red 

carbon 
wheat  

row 

Peas 

row 

T1 

 
3 2 

urea 3.35 3.89 1.05 2.29 3.26 4.22 1.14 2.12 3.37 5.23 1.41 1.96 3.60 6.38 

UF 3.82 2.95 0.79 3.02 3.59 3.75 1.01 2.58 3.61 4.80 1.29 2.31 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 

T2 

 
5 2 

urea 3.95 4.04 1.09 2.86 3.87 4.26 1.15 2.72 4.12 5.41 1.46 2.66 3.70 8.23 

UF 4.58 3.24 0.87 3.706 4.16 3.67 0.99 3.17 4.23 5.22 1.41 2.82 3.27 9.69 

average 4.26 3.64 0.98 3.28 4.02 3.97 1.25 2.94 4.17 5.32 1.43 2.74 3.49 8.97 

T3 0.0 2 

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 

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 - 0.49 0.55 3.63 0.98 -0.43 0.55 5.54 1.49 - 0.95 3.50 -1.86 

T4 6 

 

0.0 

 

urea 4.40 3.66 0.99 3.41 4.33 4.04 1.09 3.24 4.63 5.34 1.44 3.19 3.52 9.84 

UF 4.79 3.17 0.85 3.94 4.56 3.44 0.93 3.63 4.86 4.85 1.31 3.55 3.08 11.12 

average 4.59 3.41 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 4.17 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 3.2 2 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 

crops 

-6.72 -12.01 0.46 -6.55 

L S D at 0.05 

A 

B 

AX B 

0.68 

0.21 

0.41 

NS 

NS 

NS 

NS 

NS 

NS 

1.16 

0.17 

0.33 

0.52 

0.37 

0.70 

NS 

NS 

NS 

NS 

NS 

NS 

1.02 

0.02 

0.38 

0.11 

0.08 

0.16 

NS 

NS 

NS 

NS 

NS 

NS 

1.11 

0.21 

0.41 

0.06 

0.0.04 

0.08 

0.02 

0.13 

0.25 

Emitted carbon = Emitted CO2x0.27 

Crop sequestered-carbon, ton fed-1 = wheat-peas   intercrops yield as a carbon, tonfed-1 
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Table (7): N -rates of sunflower/cowpea and wheat/peas configurations for 1year & 3years, CO2-C produced during N-

fertilizer manufacture, CO2-C emitted from soil and total CO2-C for 3 years 

treatment 

 

N-rate for intercrops 

N-rates *CO2-C from fert, 
 

CO2C from 

Soil , ton fed-1 

For 3years 

 

total  CO2C 

tonfed-1 

For 3years 

 

Kgfed-1 

year-1 

 

kgfed-1 

for 3 year 

 

CO2-

Ctonfed-1 

year-1 

 

CO2-C 

tonfed-1 

For 3years 

Intercrop 1 Intercrop 2 

Sunflower 

/cowpea 

KgNfed-1 

Wheat 

/peas 

KgNfed-1 Intercrop 1 Intercrop 2 

T1 
urea 60 110 170 510 0.418 1.26 3.9 3.6 8.76 

UF 100 -- 100 300 0.246 0.738 2.8 3.1 6.638 

T2 
urea 60 110 170 510 0.418 1.26 3,82 3.7 8.78 

UF 100 -- 100 300 0.246 0.738 3.12 3.27 7.128 

T3 
urea 30 40 70 210 0.172 0.517 4.02 3.84 8.377 

UF 50 -- 50 150 0.123 0.101 3.25 3.17 6.521 

T4 
urea 30 70 100 300 0.246 0.738 3,99 3.52 8.248 

UF 50 -- 50 150 0.123 0.369 3.27 3.08 6.719 

* CO2-Ckg fed-1   = N-rate x 0.82 

Soil properties affecting carbon sequestration: 
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. Fig.(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 intercropping 
configurations (treatments) on available-N, EC, pH and OM 
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 T1 and T2 (intercrops) in each intercropping pattern 
have decreased the available nitrogen, EC and some extent, 
pH values but they have increased OM content comparing 
with T3 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 
from 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-1 
while such concentration for urea-N has been ranged from 
53to 75 mg kg-1, 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 

that all studied treatments have increased wet stable 
aggregates %. However there has been some of preponderancy 
for UF fertilizer which has pronouncedly increased such 
aggregates comparing with urea as well as intercrops 
treatments (T1andT2) in both sunflower/cowpea &wheat/peas 
configurations which have given slightly higher values for 
such aggregates than those of sole crops (T3 and T4) which 
may due to more magnitude of roots for former than letter, 
where aggregation 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% ( Fig. 13) and such effect has confirmed on 
significance 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 
sequestration process. Thus, aggregates 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 (T1 andT2) 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  aggregates (Fig. 13 ) and macro-aggregates %( Fig.14) 
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 % ( Fig.14).such picture has been 
expected because the magnitude of porosity is truly reflection 
for aggregation 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 R2 
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 
aggregates 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 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 aggregates is not enough. 
Moreover, that macro aggregates may be controlled by soil 
management.   
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Fig. (9): Effect of urea and ureaform on available-N, EC, pH and OM 

 

 
 

 

 
Fig. (10): Effect of sunflower/cowpea intercropping configurations on available-N, EC,pH and OM 
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Seasons 

Fig. (11): Effect of wheat/peas intercrops configurations on available-N, EC, pH and OM 

 

 
Fig. (12): Changes in available nitrogen levels of residual urea(U) and UF fertilizers estimated after harvest, down the soil 

profile (0-60 cm) for the six successive seasons 

   

Seasons 

Fig. (13):   Effect of urea & UF fertilizers, sunflower/cowpea (a) and wheat/peas (b) intercrops configurations on  averages 

of  total wet stable aggregates%. 
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Seasons 

Fig. (14): Effect of urea &UF, sunflower/ cowpea (a) and wheat/peas (b) intercrops configurations on averages of macro 

aggregates 

 
  

Seasons 

Fig.(15):Effect of urea& UF,  sunflower/ cowpea(a) and wheat/peas (b) intercrops configurations on  averages of BD 

   

Fig.(16):Effect of urea &UF,  sunflower/ cowpea(a) and wheat/peas (b) intercrops configurations on averages of TP% 

 

 
_____________________________ Macro aggregates %______________________________ 

__
__________________ Macro aggregates %___________________________ 

          Fig. (17):  Correlation between macro aggregates% and OM %  at every season of the  six seasons    
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Table (8): Changes in OM %, cumulative C% and sequestered-carbon (SC) &its equivalent CO2 (SCO2) at the end of the 

experiment (6 seasons) as affected by different treatments 
SC% SCO2

 ton1fed SCton1fed Cumulative C% change in OM% OM6 (%) OM1 (%) Depth (cm) treatment 

47.905 
20.842 
31.25 

2.195 
0.955 
1.432 

0.593 
0.258 
0.387 

0.133 
0.029 
0.029 

0.23 
0.05 
0.05 

2.24 
1.83 
1.75 

2.01 
1.78 
1.70 

0-10 
10-30 
30-60 

Urea 

T1 
 4.582 1.240 0.191 0.33 5.82 5.49 sum 

26.36 
22.765 
50.878 

1.336 
1.154 
2.579 

0.361 
0.312 
0.697 

0.081 
0.035 
0.052 

0.14 
0.06 
0.09 

2.29 
1.95 
1.85 

2.15 
1.89 
1.76 

0-10 
10-30 
30-60 

UF 

 5.069 1.368 0.168 0.29 6.09 5.8 sum 
 4.826 1.304 0.189 0.31 5.955 5.645 Mean 

50.17 
30.62 
19.21 

2.194 
1.339 
0.840 

0.593 
0.362 
0.227 

0.133 
0.041 
0.017 

0.23 
0.07 
0.03 

2.23 
1.86 
1.72 

2.00 
1.79 
1.69 

0-10 
10-30 
30-60 

Urea 

T2 
 4.373 1.182 0.191 0.33 5.81 5.48 sum 

49.753 
5.201 

45.045 

1.913 
0. 200 
1.732 

0.517  
.0.054 
0.468 

0.116 
0.006 
0.035 

0.2 
0.01 
0.06 

2.31 
1.88 
1.72 

2.11 
1.87 
1.66 

0-10 
10-30 
30-60 

UF 

 3.845 1.039 0.157 0.27 5.91 5.64 sum 
 4.11 1.111 0.174 0.30 5.86 5.56 Mean 

65.935 
6.551 
27.51 

2.013 
0.200 
0.840 

0.544 
0.054 
0.227 

0.122 
0.006 
0.017 

0.21 
0.01 
0.03 

2.23 
1.81 
1.73 

2.02 
1.80 
1.70 

0-10 
10-30 
30-60 

Urea 

T3 
 3.053 0.824 0.145 0.25 5.77 5.52 sum 

38.299 
24.820 
36.88 

2.671 
1.731 
2.572 

0.722 
0.463 
0.695 

0.162 
0.052 
0.052 

0.28 
0.09 
0.09 

2.28 
1.89 
1.77 

2.00 
1.80 
1.68 

0-10 
10-30 
30-60 

UF 

 6.974 1.880 0.267 0.46 5.94 5.48 sum 
 5.013 1.352 0.206 0.36 5.855 5.5 Mean 

55.576 
17.356 
26.619 

1.236 
0.386 
0.592 

0.334 
0.107 
0.160 

0.075 
0.012 
0.012 

0.13 
0.02 
0.02 

2.24 
1.83 
1.74 

2.11 
1.81 
1.72 

0-10 
10-30 
30-60 

Urea 

T4 
 2.224 0.601 0.099 0.17 5.81 5.64 sum 

48.965 
32.38 
17.93 

2.294 
1.517 
0.840 

0.620 
0.410 
0.227 

0.139 
0.046 
0.017 

0.24 
0.08 
0.03 

2.29 
1.89 
1.73 

2.05 
1.81 
1.70 

0-10 
10-30 
30-60 

UF 

 4.685 1.257 0.203 0.35 5.91 5.56 sum 
 3.438 0.929 0.151 0.26 5.86 5.6 Mean 
 3.559 0.962 0.157 0.27 5.803 5.533 Mean of urea 
 5.128 1.386 0.199 0.340 5.963 5.62 Mean of UF 

44.074 
sequestered-C  relative increase %  for 
UF to urea 

1.208 Averaged sequestered-C  of intercrops 
1.141 Averaged sequestered-C  of sole crops 

5.83 
sequestered-C  relative increase % for 
intercrops to sole crops 

Change in  OM%  = OM6 % - OM1%    OM6  isOM analysis after the end of growing season 6  

OM1 isOM analysis after the end of growing season 1  cumulative  C% = (OM6 % - OM1%) x 0.58 
SC, tonfed-1 = fed. area ( m2) x layer depth (m) x OC % x BD (Mg/m3)  CO2 = C x 3.7 

In conclusion, it seems that the intercropping system 
and slow release N-fertilizer could  positively contribute to 
increase crop yield 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 CO2emissions. 
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                                                                                                 حفظ الكربىن كذالت لممبرست الأدارة السراعيت ببلتذاخل المحصىلً واوىاع مختلفت مه الأسمذة الىيتروجيىيت

                       **عبذ الحفيظ احمذ زهري و                       محمذ رجبئً محمىد أحمذ     *هذي ,    معبز  ال                     *اوشراح ابراهيم محمذ    ,          أوىرعببدي        *خضرة
                                         * معهذ بحىث الأراضً و الميبي و البيئت    

                              ** معهذ بحىث المحبصيل الحقليت
تترو ص نً ي نطش يٛتتح  غتتً  ي نطش يٛتتح تت نذٛطوثيصزتتط نلشتتٕ شلتتح نلشتتٕ تتترذص تتحً  أقًُٛ                                      ٕ  3ُ غتتُ  0202)   0- 203  نٕٗ( ش تت ٍ ن ل قتتل نً ٍيتت زدٛ تتٕ صضش يتتحًَ لاخ ل شرأثٛ                     ًُفتتسٍٚ   ن   ظتت و ن تتر خم  ُ     

لَلت يثتَ  ٗ  ِ ةذ شويهت تس صْ زتسنكرتأثٛ ٔ ن ص تحٔ ّ نٕٛ ش  ٍ نك هح نً ٗزمي ٌف ٗسفظ نكصٕ  ٗيه ُٛ ٛ صٔد ًٛر نُ زسنك ن ػ ٔ نٕٗ ش   نً                                                ت ظرتأث ٗ قي لت شقٛ أت أخُتسفت ٍ ن ص تحثأٚ ٌيت ٗ زػتدر نكص تٕ       ُ           ٗ ٛص ن غٛصفت     
تر  لَل ث  ثٓ  ٗرهتك لا ٕ تحيهت ٔ نصط ذشدح نشص شو                   ٗ نغت    ٌفت ٗ زػتدر نكص تٕ ٍضٚت ذورصزٛتطثتَ  ت رخيت ٖ نُ تلاسترو لاس لت ظ نشتص ش ٗردفٛ ٍ لاذ شو نطش يٛتحيهت يٛتحيت ِ نُٕ تس  خ ل شقترشوْ                                               ٗ ٔ  ن ت ن ٖ  نذتٕ     

ش  ٕزح قٔل) ن ر خم نً ُ خٛحث نًُ لاسرو ن غٛص   نً ردفٛ                    ٗ: رٜ شرلز  ٛ  نلهلأ  ٕ ٌيل ذشًع/ن  قٔل(ز  نٕٗ                   0 0/0 (3/ ٗ ن ت َٗ نٕ ش ت ٗ) ن تر خم نً زح نجتَ  تٕ ت يهتلايُفصذث نًُ  ٕٛ ٔن عيُفتصذ خط  يلت ذشتً                          
ٗ: رٜ شرتتلزتت  تتز/ ػتتهحٔ ٌقً زتت             ختتط  ػتتهحيُفتتصذو0/5 0/3      تتر٘  ٗر هٛ ُٛتت ٛ صٔد ً ذَ شٚتت زػتت ٗ:أغتت دريت نٕٛ ُٛتت ٛ صٔد ًٛر نُ تتزيُفتتصذثنه ػتت قًٔ                             شٚتت  ٍ نٕٛ لتترلا يتت تتت نً ثٌزَ    ٔ ً ذ لتتب نتتس شوزػتت شٚتت فٕ ٔ نٕٛ                         

ٗ:ث رٜ ز   02 02   32  32  /فرٌ  ٛ صٔدٍٛ زذىَ      ت  هغتت  ًُٛ ٍيلت ي   ن تر خم قٔل  نكميل يهحي                     002  12 002     02  تترأت  ذٔشٚت زتميٕغتى ٗزَ  ٔ ن ت ٗ ٍيلت ي   ن تر خم نجتَ  ٌنكتميت /فتر  ٛ صٔدٍٛ زذتىَ                                
لرلا ت نً ثٗزَ  ضش ي        ٗ: رٜ شوز  ٚ فٕ ش  يٍ نٕٛ         52 52 022 022         تترأت  ذٔشٚت زتم ٗزَ  ٔ ن ت تل فع ن صرٛ ٔ تُ ٍيل ي   ن ر خم قٔل ٌنكمي /فر  ٛ صٔدٍٛ زذىَ                                  ً ذ0 ٖغت أتلا  ّنتىٚ ت ٖأَ ثٗ  يٕغتىضش يت             

أ  فتٗ شو نً ٚ فٕ ش ٍ نٕٛ ٛ صٔدٛ ٍَ ٗي ً ل  ٗ ن ْ يه ٕ ًَ ر فٗ ٔ يً   ل ي   ن ر خم نج َٗ نً ُٗٛ ٛ صٔد َ                                       لت ي    غت ِ نً تس ضيتْ تح ن ذص تحثرٕ  ٚٓ َٗ ْكتس س ت ٕغتى لألٔ  نً                           تت زَ  ًُةت حٔ ًٛى ن لتا ن  در ور ت           
ت ظ ٌضش يتحنٛ  ٍ ترٔ ٗزنتك نش تتيلت يهٛ  حث  ةض فحإنت ٗ ن لا نةٛ  يل ي   قغًروْ ػٛحٔ ٗ ن لا نصئٛ ْ نٕٗ ش  يل ي   ن ر خم نً                                                    ٔٚتحث ص ٔ نً لُلتترشتت نظتصٔ  نذ فتح ٌ نً ر نكص تٕ ٗ زػتٛ ثتَ                         ػتت قٛ  

ٍ ن ص تح ٌيت ر نكص تٕ ٗ زػتٛ لَل ث  ثتَ                زتٌ  ُٛتك نشذتصو نج   تحٔ ٛ   غت در ورك ي  غتلٕ              ت  غتذهتذشدت    ٗرهتك لاثُ شٚكثف ٓٛترشٔزهٕ ٗ  غت در وسًتل ن ذٚىثتى  ن لت ذل نصدلت ر ن تٕ ْٛرشٔزػتٛ ٚ ترش  ن ف يتميتا                                         
  ُ أ  خس يٛ ثٗأٚ  ٕ ٘ نصط شٕ  ٍ ن ص حن  رٚص نً ُ  ي ٔ خس يٛ د هفحث ل ي   نً  نشص شورشت نً                                    ٍ ن ص حن  ر  ي   تح ٛ ئٛ ٔ نكًٛ ّ لٛت ٕ   نللٛ ٚص لل ندت             لترزتميٕغتىس ت ذ)        يٕغتى(ث0   لتريتصٔش     ٕ  3 غتُ  

ى ن غٛتصفتٗ ستقتٛ ّ رصٔ  ِ ن ذص ت تس ّرشتترتصٔ ْ ٗ:أَ ُ  ئخإن ٍغ    ثأش ش  ن سزٕشٚ ٍ نً ٛٛ نٕ ش  ٍ نً ي ل قلحيٍرل ذلضش يح ن ر خهٛ                                               ذشدت   نشتص شو تٍٛ       00 15ٔ ى ستتقتٛ ٕٚتحزًت رصٔ  ذشدتحيو             ٘ ش تٕ  نً    
  ٍٛ  ٕٗ  نصط     55ٔ0 ٗيًق ٔزنكيه %ث       ٍ ن ص تحث5 لُلتتيت ٌ نً ر نكص تٕ ٗأزػتٛ ٍثتَ  ٔ تٛ ى تُٓ ٔإشرلت طضتلٛلاٛ  ذإشرلت طأ دتٕ سظيرؤ ٛ نٕ ٍغلز ن ص حثإس  ئ غىي                                        ٍ لُلتتيت ٌ نً ر نكص تٕ ٗأزػتٛ ًٛت  ثتَ  ز              

ٍرهك ٗي تأيه ٔٚحزَ  ص ٗ ن لا نً  نً رشف ف ٕل ن ٛلأ  ن ص حفٗ                         ل ٗ نش تٕ ً فت (أغتٓ  ٌ ٔ شو) لب نتس شٚت فٕ ً ذ نٕٛ غت ً ر خهتحٔ م ن ش لتٛ ل نةت   ثيل ي   نً ٗف تٕ ٔ نً ترشوفت ٍ ن لا نذ فتح لُلجحي  نً                                                     
رو ػتتً رٔهتتك نً ً ر خهتتح م ن ش لتتٛ شٚتت ثيلتت ي   نً رو  نٕٛ ػتتً ٔرهتتك نً ًُفتتصذو م ن ش لتتٛ لتت ي   نً لَل ثتت  ي  شَتتحً  ٍ ة ٖيتت ٗأقتتميػتتٕ  يهتت                                                        نٕٛ ٍ ُ رذتتحيتت ٍرهتتك ن ٗيتت حأيهتت نٕٛ شول نلتت طأيلتتتلهتتحيش تت شٚتت فٕ                   ط     

شو زجتصزفت   شٚت فٕ ػًرو  نٕٛ رٔهك نً ً ر خهح ش لٛم ن ٌيل ي   نً أ أ درٚ  ٚ ثٔ ش ػًرو  نٕٛ يٍرهك نً ًُفصذؤ ش لٛم ن يل ي   نً                                                 شٚت  رو  نٕٛ ػتً رٔهتك نً ًُفتصذو م ن ش لتٛ ٍيلت ي   نً ٌيت ٗسفتظ نكص تٕ وفت                              
 ٕ  فٗ غ   ٗ نك هتح  ٌفت ٗسفتظ نكص تٕ ًُفتصذوفت م ن ش لتٛ ػتلحنهً ً ر خهتح  نُ م ن ش لتٛ حنهً ػتلٛ ٚ ذو نُ ست نط  ن ص حثرصٔ  فٗ حأٔ نٕٛ ش   نك هح نً                                               ٍ ح تٛ نٕٛ ش ت نً      0542.06ٔ 00ث ع ٗيلت ذشتً نٕ ش ت %نه تر خم نً           

ٔ ٍٛ ٛ يهلا  ٕ /ن     20 00ث 10ٔ- ستت نطٚت ذ2ث ً رصٔ  ز/ ػتهحثز ٗقً نٕ ش  %نه ر خم نً                  شٚت  ػتلحنهٕٛ شو  نُ شٚت فٕ حنهٕٛ ػتلٛ و نُ          ٍ  حرشتتيلت ي   ن تر خم قٔل تٛ نٕٛ ش ت ٗ نك هتح نً ٌفت ٗسفتظ نكص تٕ فت                              07 ٔ0ث
50 02ث تت ت زَ  ًُٛ %    02ث01   32ٔ %نه تر خم نجت َٗ    لترث ػتلحن3 ً ر خهتح  نُ م ن ش لتٛ ٗنهً ٌ قشضت ٗسفتظ نكص تٕ حف ػتتلٛ ٍإدتص   ن ذص تح  هغتت نطٚت ذو نُ ٕ  يت غتُ                                    ًُفتصذو م ن ش لتٛ هً       73ث5  %ثزًت  هغتترهتتك     

ٚ  ش ػلحنهٕٛ شو  نُ ٚ فٕ ش ٚ ذونهٕٛ  نط         10 ٔ ن ذًلت ًٛػتص ٍ ن ٛ تصٔدٛ ٔ نُ ٙ ُٛ ٔ قظ قٚترشٔد تح ٔ قي ر نكهٛ ّ ٕٚ ً ذو نلأ ٖ ن ٗيشٕ  هًشٕرف ً رشح ن ٍ ن ٌ ن شػ سظ  ً نٕ %ثز                                                     ت  ذ ٛ  لكتعٚ  ػت يٛحإَ ٔ نً    نج   تح           
  ٌفٗ سفظ نكصٕ  يهٗ        ن ص ح   ث
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