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A b s t r a c t. Cattle manure has a high carbon/nitrogen ratio
and may not decompose; therefore, full-dose application of urea
fertilizer might improve biological properties by increasing
manure decomposition. This study aimed to investigate the effect
of combining cattle manure and urea fertilizer on soil CO2 flux,
microbial biomass carbon, and dry matter accumulation during
Nigella sativa L. (black cumin) growth under field conditions.
The treatments were control, cattle manure, urea, different levels of split and full-dose integrated fertilizer. The results showed
that integrated application of cattle manure and chemical fertilizer significantly increased microbial biomass carbon by 10%,
soil organic carbon by 2.45%, total N by 3.27%, mineral N at the
flowering stage by 7.57%, and CO2 flux by 9% over solitary urea
application. Integrated application increased microbial biomass
carbon by 10% over the solitary application and the full-dose
application by 5% over the split application. The soil properties
and growth parameters of N. sativa L. benefited more from the fulldose application than the split application of urea. Cattle manure
combined with chemical fertilizer and the full-dose application of
urea increased fertilizer efficiency and improved biological soil
parameters and plant growth. This method decreased the cost of
top dressing urea fertilizer and proved beneficial for the environment and medicinal plant health.
K e y w o r d: carbon flux, inorganic fertilizer, integrated
application, organic manure; soil respiration
INTRODUCTION

The rapid increase in the global population is consuming natural resources and threatens the sustainability of
farming systems in many parts of the world, especially
in arid and semiarid regions (Abbasi and Khizar, 2012).
Intensification without suitable management and the use
of chemical fertilizers decreases organic matter and soil
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fertility and increases soil erosion and environmental
degradation (Tiwari et al., 2008). Agricultural intensification using high yield modern varieties and agrochemicals,
including chemical fertilizers, has negative implications for
the ecosystem and environment (Abbasi and Khizar, 2012).
The use of organic fertilizers is increasing to offset
pollution by chemical fertilizers of the aerial and soil environment and the gradual decline in soil fertility. Continuous
use of synthetic fertilizers can lead to a decline in soil
health. Most N fertilizers leach down into the root zone
or pollute the groundwater, causing disease in plants and
humans (Azraf-ul-Haq et al., 2007). Organic amendments
in the form of compost, manure, and cover crops are a source of plant nutrients that also improve the quality of the
soil (Shrestha et al., 2013) through chemical (electrical
conductivity, soil pH, and soil organic carbon), physical
(bulk density and aggregate stability), and biological activity (Fereidooni et al., 2013).
Improvement in soil quality increases crop yield and
can help mitigate climate change by sequestration of carbon
(Shrestha et al., 2013). The addition of organic amendments is essential for sustainable soil fertility management
and crop production, but can increase greenhouse gas
(GHG) emissions. Understanding the effects of organic soil
amendments on gaseous emissions is relevant to minimizing agricultural effects on net emissions of GHGs
(Shrestha et al., 2013).
Agricultural emissions account for 13.5% of the total
anthropogenic gaseous (CO2, CH4, and N2O) emissions
(IPCC, 2007). Agricultural emissions of CO2 include microbial respiration in the rhizosphere and bulk soil (Rochette
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et al., 1999). Soil respiration is an important component
of global carbon (C) cycling and has received considerable attention in recent years with the discovery of large
amounts of soil organic carbon (SOC) stored in terrestrial
ecosystems (Schlesinger and Andrews, 2000; Wang et al.,
2011). Global CO2 emissions from soil are the source of one
of the largest fluxes in the global C cycle. Small changes in
the magnitude of soil CO2 flux could have a large effect
on CO2 concentrations in the atmosphere (Schlesinger and
Andrews, 2000). Knowledge of the factors contributing to
soil CO2 flux and controlling soil C sequestration is essential for understanding the changing global C cycle.
Agricultural management practices that include changing the soil environment (C/N ratio of substances, soil
temperature, and soil moisture) affect soil CO2 flux. These
soil characteristics affect microbial activity in the soil and
decomposition that transforms plant-derived C into CO2
and soil organic matter (SOM) (Franzluebbers et al., 1995).
Studies have shown that SOC accumulation increases in
annual cropping systems under fertilization, particularly
the addition of N (Grant et al., 2001).
Animal manure is a readily-available source of C
for microbial activity that can increase CO2 emissions
(Rochette et al., 2004). The application of N fertilizer and
urea has been shown to influence most biological processes in the soil (Yan et al., 2007), which are important in
mineralization, carbon sequestration, and nutrient cycling
(Bastida et al., 2006). Manure application has been shown
to have a significant positive effect on soil CO2 flux in annual cropping systems (Rochette et al., 2004). The presence
of SOM buffers change soil pH and temperature. Organic
and inorganic amendments and other types of manure can
positively influence biochemical properties such as soil
microbial biomass (SMB), enzymes, and activity (Vineela
et al., 2008; Azeez and Averbeke, 2010). Studies have
found that manure amendment to the soil increases the
rate of SMB enzyme activity and nutrient mineralization
(Fereidooni et al., 2013). Mandal et al. (2007) reported that
microbial biomass can be controlled long-term by application of fertilizer and manure.
Integrated application of organic and inorganic fertilizer
improves soil fertility and crop yield long-term (Alizadeh
et al., 2012; Fallah et al., 2013; Fereidooni et al., 2013).
The application of organic fertilizers has been shown
to affect the structure of the microbial community differently than application of solely mineral fertilizers (Wu et
al., 2012). The application of organic fertilizers like cattle
manure increase the accumulation of organic C in the soil,
which in turn induces change in the microbial community
structure and stimulates the microbial biomass (Peacock et
al., 2001). Intelligent usage of organic manure and inorganic fertilizers is essential to augment productivity and input
use efficiency and safeguard soil health (Bandyopadhyay
et al., 2010).

The positive effect of integrated use of inorganic fertilizer and farmyard manure on the productivity of soybean
was demonstrated by Hati et al. (2006). Lee et al. (2007)
reported that the average soil CO2 flux during the growing
periods of switchgrass were 472, 488, and 706 g CO2 C m-2
for the control, NH4NO3-N, and manure-N plots, respectively. Alsafar and Al-Hassan (2009) applied 75 kg N ha-1
and significantly increased the total dry matter in mint
(Menthe longifolia L.).
Although the effect of fertilizers and manures on crop
growth and soil properties has been studied, there is little
information on holistic study of the effect of integrated use
of chemical fertilizers and cattle manure on medicinal plant
growth and soil properties (soil CO2 flux, microbial biomass carbon, and dry matter accumulation). Cattle manure
has a high C/N ratio and may not decompose; the full-dose
application of urea fertilizer can aid decomposition. It has
been hypothesized that improvement in the physical properties of soil after manure application influences growth
characteristics like dry matter accumulation (DMA),
which ultimately influence the productivity and input
use efficiency of N. sativa L. (black cumin). The present
investigation evaluated the effect of solitary and integrated
application of cattle manure and urea fertilizer on soil CO2
flux, microbial biomass, and the growth of N. sativa L.
in a semi-arid region of Iran. The study investigated the
effects of cattle manure and chemical fertilizer on soil CO2
efflux and microbial biomass, determined the relationship
between soil CO2 efflux and DMA, and investigated N
mineralization under integrated fertilizer application.
MATERIALS AND METHODS

This experiment was carried out in 2011-12 on the
research farm of Shahrekord University (50°49′ E, 32°21′
N; 2050 m in elevation). The experimental field had not
been fertilized for five years prior to testing with any type
of inorganic fertilizer or organic manure. Soil samples were
taken at depths of 0 to 30 cm and analyzed before the onset
of the experiment (Table 1). Cattle manure was obtained
from cattle farms and analyzed to determine its characteristics before use (Table 1).
The experiment design was a randomized complete
block with three replications and nine treatments (Table 2).
The treatments were control (no N amendment), cattle
manure (CM), urea (U), three levels of split integrated fertilizer (CM:U (2:1), CM:U (1:1), CM:U (1:2)), and three
levels of full-dose integrated fertilizer (CM:U (2:1), CM:U
(1:1), CM:U (1:2)). The amount of nitrogen applied was 80
kg N ha-1 in cattle manure, which released approximately
50% of the total N (Alizadeh et al., 2012).
After soil tillage with a mouldboard plough, the
cattle manure was applied in a subsurface band and then
10-13 cm stacks were formed over each manure band. In the
full-dose urea fertilizer treatments, urea-N was applied at
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T a b l e 1. Chemical characteristics of the soil (Clay loam) and
the cattle manure used in the present study
Property

Unit

Soil

Cattle manure

EC

(dS m-1)

1.011

6.71

pH

-

7.96

7.48

-1

N

(g kg )

0.82

4.1

OC

(g kg-1)

9.55

275

P

10.8

1 672

K

391

10 043

0.68

8.41

8.73

74.5

Fe

8.09

98.4

Cu

0.91

5.9

11.64

67.1

Zn
Mn

C:N

(mg kg-1)

-

a depth similar to that for cattle manure. In the split fertilizer treatments, one-third of the urea was applied at planting
and two-thirds at 30 days after planting. Phosphorus fertilizer, a source of triple superphosphate, was applied to the
urea-fertilized plots at a rate equivalent to the total P added
by the cattle manure treatments.
The experimental design was 27 plots each 2 ×
3 m in area. Each plot had eight rows spaced 25 cm
apart. To avoid mixing of water from the plots, the distance between the plots and between the blocks was 1.5

m. Seeds of N. sativa L. were provided by Pakan Bazr
(Iran) and sown on 14 April 2012 at a depth of 2-3 cm.
To obtain 200 plants m-2, the N. sativa L. seedlings were
thinned at the 3-4 leaf stage. Irrigation was done by
automatic sprinklers at 6-day intervals. Soil CO2 (flux)
production and DMA were measured periodically during
the growing season beginning at 46 days after planting
until harvest time, and for CO2 flux at 7 days after harvest. Microbial biomass carbon (MBC), SOC, total N, and
mineral N were measured only at the flowering stage
(95 days after planting).
SOC was determined at the flowering stage with the
method recommended by Walkley and Black (Nelson and
Sommers, 1982).
Soil nitrogen was determined at the flowering stage
in soil samples taken randomly from depths of 0 to 25 cm.
The total N was determined with the method suggested
by Kjeldahl (Hesse, 1971). Soil mineral N was measured
in an extract taken by KCl. After analysis of NO3--N and
NH4+-N concentrations (Alef and Nannipieri, 1995), the
net N mineralization was calculated (Keeney and Nelson,
1982).
Five 50 g soil samples were randomly collected by
auger from each plot at a depth of 25 cm. The soil samples
were transported to the laboratory, mixed to obtain composite samples and sieved (2 mm mesh size) to determine
the soil MBC. MBC was measured using the chloroformfumigation incubation method (Alef and Nannipieri, 1995).
Two 40 g subsamples were put in 100 ml glass beakers.
The one containing ethanol-free chloroform in a vacuum
desiccator was fumigated for 24 h at room temperature. The
chloroform vapour was eliminated by repeated evacuation
of the desiccator. Plastic jars that included a vial containing 15 ml of 0.5 M NaOH for the CO2 trap were placed in

T a b l e 2. Treatment details in the present study
Treatment

Description

C

Control

Unfertilized plots

U

Urea fertilizer

80 kg N ha-1 in the form of urea

CM

Cattle manure

40 ton cattle manure/ha

CM:U (1:1) SA

Split application (SA) of urea; 33 and 67% 116 kg N ha-1 in the form of urea + 13.33 t cattle manure ha-1
of urea was applied at plantingand 30 days
after planting

CM:U (2:1) SA

86.7 kg N ha-1 in the form of urea + 20 t cattle manure ha-1

CM:U (1:2) SA

58.3 kg N ha-1 in the form of urea + 26.6 t cattle manure ha-1

CM:U (1:1) FDA

Full dose application (FDA) of urea at
planting stage

105

116 kg N ha-1 in the form of urea + 13.33 t cattle manure ha-1

CM:U (2:1) FDA

86.7 kg N ha-1 in the form of urea + 20 t cattle manure ha-1

CM:U (1:2) FDA

58.3 kg N ha-1 in the form of urea + 26.6 t cattle manure ha-1
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all beakers. After closing the jars tightly, they were incubated for 10 days at 25 ± 1°C and 70% of soil water-holding
capacity. At the end, the evolved CO2 was measured. The
MBC content was calculated as:

significance of relationships between soil CO2 flux and
N. sativa L. dry matter accumulation (DMA) was determined using Pearson correlation coefficient.

F
MBC = c ,
Kc

The results of ANOVA showed that at the flowering
stage, the fertilizer had a significant effect (p ≤ 0.001) on
SOC (Table 3). The SOC content was the lowest in the
check plot and the highest (9.63 g kg-1) in the cattle manure
plot. There was no significant difference between CM:U
(2:1) SA and CM:U (1:1) FDA treatments (Fig. 1). The
results indicate that the SOC in the fertilizer was significantly greater (15.47%; p ≤ 0.001) than in the unfertilized
plot. Integrated application of the fertilizer increased the
SOC by 2.5% over the solitary application and the SOC
was greater for the full-dose application than the split application (Table 3, Fig. 1).
The N fertilizer had a significant effect (p ≤ 0.001) on
total N at the flowering stage (Table 3). The total soil N
was significantly greater (36.84%) for the fertilizer application than for the unfertilized control (Table 3, Fig. 2).
Total soil N was 0.57 g kg-1 in the check plot and 0.85 g kg-1
in the cattle manure. There were no significant differences
between CM, and CM:U (2:1) SA and FDA. The integrated
application of fertilizer increased total soil N 3.27% over
the solitary application of N (Table 3, Fig. 2).
The results indicate that, at the flowering stage (95 days
after planting), the mineral N content of CM:U (1:1) FDA
was 49.4, CM:U (1:1) SA was 46.66, CM:U (2:1) SA was
44.05, cattle manure was 43.07, urea was 36.69, and the
check plot was 32.17 mg kg-1, (Fig. 3). Mineral N was by
37% greater in the fertilizer application than in the unfertilized control (Table 3, Fig. 3). Integrated application of the
fertilizer increased mineral N by 7.57% over the solitary
application of the fertilizer (Table 3, Fig. 3).

where: MBC is microbial biomass C (mg kg-1 soil) expressed
as oven-dry (105°C) weight, Fc is the flash point of CO2,
and Kc is the recovery factor of 0.45 (Jenkinson and Ladd,
1981).
For determination of soil respiration (CO2 production),
three 1.8 l plastic jars were randomly inserted 3 cm into
the surface soil of the rows in each plot. The jars had an
open bottom and sealed top and were left in the soil for
the course of the study. For collection and determination of
CO2 absorption, each jar contained a plastic vial containing
20 ml 1 M NaOH.
The rate of CO2 evolved was measured from the soil
using 0.25 N HCl after precipitating the carbonate with
a BaCl2 solution by back-titrating the alkali (Alef and
Nannipieri, 1995). CO2 evolution was expressed as mg
CO2-C m-2 soil.
Above-ground biomass was harvested by cutting above
the soil surface during the growing season at 36, 50, 64, 78,
92, 106, 120, 134, and 144 days (every 14 days) after planting. The samples were then brought to the laboratory and
dried at 80°C until they reached a constant weight.
One-way ANOVA was conducted to determine significant differences in the effect of fertilizer on SOC, total
N, mineral N, and MBC using SAS software. Two-way
ANOVA was performed to determine the effect of fertilizer on soil CO2-C flux and DMA. Fisher least significant
difference (LSD) was used for comparison of means. The

RESULTS

T a b l e 3. ANOVA analysis for soil organic carbon (SOC), total N, mineral N and microbial biomass carbon (MBC) under urea fertilizer combined with cattle manure at the flowering stage of N. sativa L.
SOC

Total N

Mineral N

MBC

Replication

0.14ns

0.0004ns

2.559ns

1 115ns

N fertilizer

0.94**

0.224**

65.35**

11 104**

Error

0.037

0.0005

3.99

649.7

CV (%)

2.14

3.06

5.33

9.82

Source of variation

Groups mean contrasts
(g kg-1)

(g kg-1)

(mg kg-1)

(mg kg-1)

N fertilizer vs control

9.13 vs 7.91**

0.78 vs 0.57**

42.15 vs 32.17**

274.2 vs 141.2**

Integration vs solitary

9.18 vs 8.69**

0.79 vs 0.76**

42.9 vs 39.88*

280.6 vs 225.1*

FDA vs SA

9.22 vs 9.14**

0.78 vs 0.8 ns

42.83 vs 42.97ns

287.2 vs 273.9ns

ns – not significant, *p < 0.05, **p < 0.01. See Table 1 for abbreviations.
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Fig. 1. Effect of urea fertilizer combined with cattle manure on soil organic carbon content at the flowering stage of N. sativa L. plants.
See Table 1 for abbreviations.

Fig. 2. Effect of urea fertilizer combined with cattle manure on soil total N content at the flowering stage of N. sativa L.

plants. See Table 1 for abbreviations.

The results demonstrated that, at the flowering stage,
the fertilizer had a significant effect (p ≤ 0.001) on
soil MBC (Table 3). The MBC content was higher in fertilized than in unfertilized soil. The maximum MBC was
339.81 mg kg-1 for CM:U (1:1) FDA and 306.03 mg kg-1 for
cattle manure. The lowest value was observed at 141.22 mg
kg-1 in the control plot (Fig. 4). Soil MBC was significantly
greater (94.32%; p ≤ 0.001) for the fertilized plots than for
the unfertilized plots (Table 3, Fig 4).
Integrated application of the fertilizer increased soil
MBC by 10% over the solitary application of the fertilizer
and soil MBC was by 5% greater for the FDA than the SA
treatment (Table 3, Fig 4).

The results of ANOVA indicated a significant effect
of the N fertilizer treatment (urea and cattle manure) and
sampling time on soil CO2 flux (Table 4). The interaction
of the N fertilizer and sampling time was also significant
for soil CO2 flux. During the experimental period (46-144
days), the lowest (3.47 g CO2-C m-2 day-1) and the highest
(5.61 g CO2-C m-2 day-1) mean soil CO2 flux were recorded
for the unfertilized control and CM:U (1:1) FDA treatments, respectively (Table 5).
The results also indicated no significant difference
between the results for CM:U (2:1) FDA (5.41 g m-2 day-1)
and SA (5.41 g m-2 day-1), CM:U (1:1) SA (5.43 g m-2 day-1)
and CM (5.44 g m-2 day-1; Table 5). The minimum daily soil
CO2 flux was 4.98 g CO2-C m-2 day-1 at 46 days after planting
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Fig. 3. Effect of urea fertilizer combined with cattle manure on mineral N content at the flowering stage of N. sativa L. plants. See
Table 1 for abbreviations.

Fig. 4. Effect of urea fertilizer combined with cattle manure on microbial biomass carbon content at the flowering stage of
N. sativa L. plants. See Table 1 for abbreviations.
T a b l e 4. ANOVA analysis for soil CO2-C flux with two main
factors, N fertilizer and sampling time under black cumin plant
Source of variation

df

CO2-C

Dry matter

Replication

2

0.222**

1508**

N fertilizer (N)

8

18.153**

78070**

Sampling time (T)

12

0.197**

642905**

N×T

96

0.253**

8686**

Error

232

0.016

285.9

-

2.51

8.09

C.V (%)
**p < 0.01.

and 5.01 g CO2-C m-2 day-1 at 53 days after planting. The
maximum daily soil CO2 flux was 5.22, 5.18, and 5.22 g
CO2-C m-2 day-1 for 102, 109 and 130 days after planting,
respectively (Table 5). At all sampling dates (13 stages),
soil CO2 flux for the manure treatment rapidly increased
compared to the check plots. At 46 days after planting for
the fertilized plots, cattle manure recorded the minimum
soil CO2 flux and CM:U (2:1) SA treatment recorded
the maximum soil CO2 flux (Table 5). At early stages of
growth, soil CO2 flux was similar for the treatments with
easily available nitrogen and the combined treatments of
CM:U (1:1) SA and FDA, CM:U (1:2) SA and FDA, and
CM:U (2:1) FDA (Table 5). At 88 days after planting, soil
CO2 flux was greater for the integrated fertilizers (cattle
manure + urea) than for the solitary urea fertilizer.

3.77±0.14i

2.53±0.04i

3.27±0.07i

3.13±0.24i

2.82±0.02i

3.1±0.18i

3.03±0.19i

2.99±0.16i

4.28±0.06i

4.15±0.05i

4.08±0.16i

4.07 ±0.06i

3.97±0.05i

3.47F

46

53

60

67

74

81

88

95

102

109

116

130

144

Mean

4.51 E

4.76±0.003h

4.77±0.0 h

4.68±0.003h

4.58±0.008h

4.59±0.008h

4.47±0.003h

4.37±0.01h

4.19±0.008h

3.95±0.03h

3.74±0.02h

3.93±0.02h

5.33±0.08bcd

5.26±0.10bcd

U

5.41B

5.48±0.01ab

5.57±0.01ab

5.35±0.05bc

5.45±0.06abcde

5.51±0.05abc

5.54±0.05abc

5.59±0.09ab

5.40±0.04cdef

5.49±0.09abc

5.50±0.07abc

5.41±0.06abc

5.35±0.04bc

4.69±0.07h

CM

5.41 B

5.37±0.04abcde

5.45±0.03abcd

5.34±0.08bcd

5.48±0.02ab

5.42±0.08bcdef

5.56±0.08ab

5.53±0.02abc

5.63±0.10ab

5.48±0.03abcd

5.44±0.02bcd

5.37±0.04bcde

5.12±0.02def

5.12±0.04cdefg

CM:U (1:1) SA

5.44 B

5.54 ±0.02 a

5.65 ±0.04 a

5.38 ±0.04 b

5.47 ±0.01
abcd

5.55 ±0.003
ab

5.53 ±0.04
abcd

5.35 ±0.04
cdef

5.54 ±0.03
abc

5.50 ±0.09 ab

5.21 ± 0.05
def

5.40 ±0.003
abcd

5.04 ±0.09 h

5.61 ±0.003 a

CM:U (2:1)
SA

5.16 D

5.09 ±0.03 fg

5.14 ±0.03 g

5.13 ±.0.02
cde

5.08 ±0.03 g

5.05 ±0.04 g

5.03 ±0.06 g

5.14 ±0.04 fg

5.34 ±0.03
cdefg

5.32 ±0.02
cdefg

5.18 ±0.12 g

5.20 ±0.01
cdefg

5.24 ±0.07
bcde

5.13 ±0.01
cdef

CM:U (1:2)
SA

5.61 A

5.43 ±0.03
abcd

5.41 ±0.02.
bcdef

5.70 ±0.15 a

5.61 ±0.01 a

5.68 ±0.008 a

5.66 ±0.03 a

5.72 ±0.01 a

5.76 ±0.04 a

5.69 ± 0.10 a

5.68 ± 0.14 a

5.61 ±0.01 a

5.71 ± 0.02a

5.28 ±0.04 bc

CM:U (1:1)
FDA

5.43 B

5.46 ±0.03
abc

5.47 ±0.02
abc

5.13±0.19
def

5.47±0.02 abc

5.47±0.05
abcd

5.47±0.04
abcde

5.46±0.01 bcd

5.5±0.04 bcd

5.43±0.05
bcdef

5.55±0.03 ab

5.44±0.02 ab

5.43±0.08 b

5.38± 0.06b

CM:U (2:1)
FDA

5.33 C

5.22± 0.03 def

5.45± 0.02
abcde

5.12±0.09 defg

5.36± 0.02
bcdef

5.47±0.02
abcde

5.42±0.02 bcdef

5.43±0.01bcdef

5.45±0.01bcde

5.44±0.005bcde

5.35±0.4bcde

5.32±0.01 bcdef

5.09±0.17 efg

5.24± 0.01bcde

CM:U (1:2)
FDA

5.14BC

5.22A

5.10CD

5.18AB

5.22A

5.07 DE

5.07 DE

5.10CD

5.01 EFG

4.98 G

5.00FG

4.89 G

5.01DEF

Mean

Within a row mean values followed by different small letters denote significantly different at p < 0.05 among sampling time (ST) by LSD; within a column mean values followed by
different capital letters are significantly different at p < 0.05 among treatments by LSD. See Table 1 for abbreviations.

C

Day after
planting

T a b l e 5. Soil CO2-C flux (g m-2 d-1) at nine treatments of N fertilizer at 13 sampling times during N. sativa L. growth under field conditions. Values are means (n = 3)± SD
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26.12 ±1.45 a

47.25 ±2.98 a

83.92 ±1.08 h

97.66 ±0.60 i

162.38 ±7.53 i

205.20 ±10.8 i

231.33 ±5.46 i

228.22 ±9.70 i

121.21 H

4.08±0.16i

4.07 ±0.06i

3.97±0.05i

3.47F

50

64

78

92

106

120

134

144

Mean

116

130

144

Mean

Explanations as in Table 5.

8.23 ±0.60 a

C

36

Day after
planting

4.51 E

4.76±0.003h

4.77±0.0 h

4.68±0.003h

150.73 G

70.40 ±0.34 a

52.33 ±9.34 a

13.57 ±0.58 a

CM:U (1:1) SA

380.44 ±5.17
ef

339.14 ±9.4
ef

267.03 ±3.35
f

5.41B

5.48±0.01ab

5.57±0.01ab

5.35±0.05bc

195.25 E

5.65 ±0.04 a

5.38 ±0.04 b

238.91 C

503.00 ±22.80
b

500.40 ±22.80
b

454.7 ±12.60
b

331.9 ±12.0
bcd

132.1 ±11.0
gh

100.16 ±9.65
h

74.93 ±1.88 a

38.5 ±0.17 a

14.57 ±0.64 a

CM:U (2:1)
SA

5.41 B

5.44 B

5.37±0.04abcde 5.54 ±0.02 a

5.45±0.03abcd

5.34±0.08bcd

252.61B

480.48 ±3.30
bc

478.99 ±3.41
bc

403.0 ±11.0 cd

359.74 ±6.53 b

162.30 ±10.70 263.33 ±3.33 a
f

114.90 ±10.80 151.72 ±3.20
defg
ab

59.71 ±1.79 a

35.90 ±0.68 a

11.20 ±0.44 a

CM

260.30 ±16.60 386.63 ±4.90
gh
ef

263.60 ±17.0
gh

232.80 ±8.10
gh

203.02 ±4.05
h

149.23 ±9.99
fg

118.0 ±10.70
def

73.99 ±1.08 a

41.03 ±0.44 a

14.58 ±0.36 a

U

5.16 D

5.09 ±0.03 fg

5.14 ±0.03 g

5.13 ±.0.02
cde

169.88 F

273.0 ±12.5 g

274.2 ±12.2 g

260.3 ±10.5 g

238.7 ±11.7 g

214.23 ±9.71
de

142.4 ±17.7
bcd

73.23 ±1.13 a

40.75 ±0.43 a

12.12 ±0.70 a

CM:U (1:2)
SA

5.61 A

5.43 ±0.03
abcd

5.41 ±0.02.
bcdef

5.70 ±0.15 a

286.38 A

565.7 ±26.4 a

565.4 ±27.8 a

484.29 ±3.38
a

404.7 ±10.3 a

261.6 ±11.7
ab

171.48 ±1.99a

70.58 ±0.30 a

39.58 ±0.30 a

14.16 ±36 a

CM:U (1:1)
FDA

5.43 B

5.46 ±0.03 abc

5.47 ±0.02 abc

5.13±0.19 def

246.48 BC

473 ±18.3 cd

470 ±17.1 cd

416.8 ±6.65 c

343.81 ±6.65
bc

242.90 ±3.57
abc

149.43 ±2.95
abc

68.17 ±1.71 a

42.18 ±0.34 a

12 ±0.0 a

CM:U (2:1)
FDA

5.33 C

5.22± 0.03 def

5.45± 0.02
abcde

5.12±0.09 defg

220.03 D

397.5 ±12.9 e

397.2 ±13.2 e

361.8 ±12.3 e

318.74 ±8.30
cde

234.67 ±9.45
bcd

140.8 ±16.9
bcde

72.90 ±0.52 a

42.35 ±0.26 a

14.39 ±0.64 a

CM:U (1:2)
FDA

5.14BC

5.22A

5.10CD

396.49 A

395.74 A

350.98 B

292.22 C

195.33 D

13.30 E

67.90 F

39.86 G

12.75 H

Mean

T a b l e 6. Dry matter accumulation (g m-2) at nine treatments of N fertilizer at nine sampling times during N. sativa L. growth under field conditions. Values are means (n = 3) ± SD
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T a b l e 7. Pearson correlation coefficients (r) between different soil CO2 flux and N. sativa L. dry matter (DM) under urea fertilizer
combined with cattle manure (n = 27)
DM (day)

CO2 flux (day)
46

53

67

81

95

102

116

130

144

36

0.83**

0.71**

0.45**

0.58**

0.65**

0.52**

0.56**

0.60**

0.58**

50

0.86**

0.86**

0.65**

0.73**

0.77**

0.59**

0.61**

0.68**

0.70**

64

0.92**

0.76**

0.52**

0.63**

0.68**

0.49**

0.55**

0.61**

0.61**

78

0.48**

0.55**

0.62**

0.61**

0.56**

0.51**

0.55**

0.45**

0.48**

92

0.50**

0.60**

0.71**

0.71**

0.66**

0.61**

0.60**

0.54**

0.57**

106

0.63**

0.63**

0.82**

0.83**

0.81**

0.88**

0.80**

0.78**

0.80**

120

0.60**

0.56**

0.77**

0.78**

0.78**

0.88**

0.79**

0.78**

0.80**

134

0.56**

0.54**

0.74**

0.75**

0.75**

0.85**

0.74**

0.74**

0.77**

144

0.56**

0.54**

0.75**

0.75**

0.76**

0.85**

0.74**

0.75**

0.77**

**p< 0.01.

The mean soil CO2 flux for the interaction of fertilizer
and time at the flowering stage (95 days after planting)
was by 78.43% greater in the fertilized versus unfertilized,
integrated versus solitary application (8.79%), and FDA
versus SA integrated application of urea (3.73%). After N.
sativa L. harvesting (144 days after sowing), higher CO2-C
flux was seen in the fertilized treatments of CM:U (2:1) SA,
CM:U (1:1) SA and FDA, and CM:U (2:1) FDA, respectively, while lower soil CO2-C flux was observed for the
urea treatment. At this stage, there were no plants in the
soil; thus, CO2-C flux was lower in some treatments than at
the previous sampling dates (Table 5).
ANOVA showed a significant effect for N fertilizer
treatment (urea and cattle manure) and sampling time on
DMA of N. sativa L. (Table 4). The interaction of fertilizer
and sampling time was also significant (p ≤ 0.001). The
greatest DMA (286.3 g m-2) was obtained by CM:U (1:1)
FDA followed by CM:U (1:1) SA and CM:U (2:1) FDA
with no significant difference between ranks (Table 6).
The lowest DMA (121.2 g-2) was produced by the control
treatment. DMA was by 81.52% greater after application of fertilizer than for the control, 36.25% greater for
the integrated application than solitary application, and
by 13.83% greater for FDA of urea fertilizer than SA of
urea fertilizer. The total oven-dried biomass obtained at the
highest rate of 170.60 T of cattle manure ha-1 was significantly higher than, but statistically similar to, that obtained
for the medium chemical fertilizer treatment. In the present study, at 36 to 46 days after planting, there was no
statistical difference between the fertilized and unfertilized
plots. The highest and the lowest DMA were recorded for
the solitary application of urea and the unfertilized plots,

respectively. This reveals the effects of mineral N from the
urea source on N. sativa L. growth. The results of the current study showed that at 50 to 64 days after planting, DMA
was the highest for the CM:U (1:1) SA and CM:U (2:1)
SA and the lowest for the unfertilized control (Table 6).
At 78 days after planting (vegetative growth of N. sativa L.),
DMA was higher in the fertilized plots than in the unfertilized plots. The highest DMA was recorded for the CM:U
(1:1) FDA treatment and the lowest DMA for the CM:U
(2:1) SA treatment.
DMA was higher at the flowering stage (92 days after
planting) in the fertilized plots than the unfertilized plots.
The highest and the lowest DMA were observed for CM:U
(1:1 ) SA and CM:U (2:1 ) SA, respectively (Table 6). At
106 to 120 days after planting, the DMA of the fertilized
plots increased significantly in comparison with the unfertilized treatments. The highest DMA was recorded for CM:U
(1:1 ) FDA and the lowest DMA was observed for the solitary application of urea. The results also showed that there
was no significant difference between the values for CM:U
(1:1) SA and CM:U (2:1) SA and FDA treatments. DMA at
134 to 144 days after planting was the same as for 106 to
102 days after planting.
Pearson coefficient of the correlation for soil CO2 flux
versus DM is reported in Table 7. Nigella sativa L. DMA
significantly and positively correlated with soil CO2 flux
for the same time intervals. Positive relationships were also
observed between DM and MBC (r = 0.55, p < 0.002), and
DM and soil CO2 flux (r = 0.66; p < 0.0002) at the flowering
stage. MBC was also found to be significantly correlated
with soil CO2 flux (r = 0.83; p < 0.0001) at the flowering
stage.
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DISCUSSION

SOC increased at the flowering stage at highest the
rate for cattle manure and the integrated levels (Fig. 1) and
led to an increase in MBC (Fig. 4). Elsgaard et al. (2001)
reported that the direct effect of the use of organic residues
and manure was an increase in SOC and positive effects on
soil properties such as water-holding capacity, soil biological activity, and increased soil MBC (Tejada and Gonzalez,
2005). Also, Kanchikerimath and Singh (2001) reported
that SOC content was greater in manure than in chemical
fertilizer. In addition, integrated treatments create better
conditions for plant growth and root development could
influence the SOC content.
The results of the present study showed that total N
and mineral N increased in plots that received more cattle
manure (Figs 2 and 3). The higher rates of total N and mineral N in the integrated treatment compared with the urea
and unfertilized treatments resulted from the use of cattle
manure with urea. This treatment, in addition to the entry
of carbon into soil from the cattle manure (Fig. 1), also provided the N required for decomposition microorganisms,
which increased root growth. Soil total N, SOM, soil nutrients, microbial activity, and mineral N increase with the
use of organic fertilizer (Drinkwater et al., 1995). These
results are similar to those from other researchers on the
effects of cattle manure (Eneji et al., 2002), poultry manure
(Travis et al., 2004), and combined manure and urea fertilizer for increasing in N mineralization and decreasing the
need for urea fertilizer (Mallory and Griffin, 2007).
The highest MBC was recorded in the fertilized plot
because limitation in the N and C content is known to limit
MBC and microbial growth in calcareous soils. This result
was confirmed by the results of soil respiration for limited
N and C as well. Factors contributing to the increase in
MBC appear to be the increase in root biomass and exudates from the increased growth of N. sativa L. and the
presence of metabolizable N and C in cattle manure. The
results of this study are similar to the increase in soil MBC
following application of urea (Abbasi and Khizar, 2012),
horse manure (Jannoura et al., 2014), and poultry manure
(Fereidooni et al., 2013; Abbasi and Khizar, 2012) in soils
with low soil N and C contents. The results indicate that
both urea-treated and CM:U (1:2) SA and FDA plots contained similar soil MBC contents that were lower than for
the other combined treatments. Fereidooni et al. (2013)
reported that soil MBC increased significantly in fertilized
than unfertilized soil. They found the highest MBC values
for corn with the application of broiler litter at 300 kg N
ha-1 (100-295 mg kg-1) during the growing season (20 to
80 sampling dates). Jannoura et al. (2014) found that soil
MBC, C, N, and P significantly increased at all sampling
times with application of organic fertilizers and that the
increase from manure was significantly higher than for the
compost treatments. This could be the result of the higher

MBC in the manure itself (Gattinger et al., 2004) or the
higher content of more readily decomposable carbon fractions in horse manure (Jannoura et al., 2014).
The lowest MBC rates were found in urea-treated soils,
probably because of the lowest availability and supply of C.
Chemical fertilizers may not refill the soil organic C necessary as a microbial substrate, which will decrease activity
and soil microbial biomass compared with organic fertilizers (Fereidooni et al., 2013). The overall increase in soil
MBC in the integrated treatments occurred because the
urea treatment decreased the C/N ratio of cattle manure by
32.56%. The application of cattle manure increased SOC
(Fig. 1), total N (Fig. 2), and mineral N (Fig. 3), which
increased the release of nutrients and N for soil microbes
and plants (Sharma and Bhushn, 2001). Lee et al. (2007)
reported that soil MBC did not change with NH4NO3-N
application, but increased significantly over the unfertilized
control for the manure-N treatment. The greatest increase
in soil MBC and may be related to the high manure application rate. Annual application of manure rapidly increased
the soil MBC immediately following application (Lee et al.,
2007).
In the present study, the soil CO2-C flux was higher
in the fertilized plots. At the early stages of N. sativa L.
growth, soil CO2-C flux caused by the available N in urea
fertilizer was not significantly different from the plots fertilized with CM+U; however, the soil CO2-C flux was lower
for cattle manure because of the high C/N ratio (Table 2)
and slow release of nutrients (Table 5). The increase in
soil CO2-C flux at the later stages for the CM and other
treatments with higher cattle manure content appears to be
the result of the gradual release of nutrients by the manure
(Table 5). The increase in soil CO2-C flux in the fertilized
treatment could presumably be the result of the entry of P
(Table 2), organic C (Fig. 1), and N (Figs 2 and 3) into the
soil from cattle manure and the growth of N. sativa L. in
both the CM and urea treatments. Similar results in other
studies were found for cattle manure (Shrestha et al., 2013),
horse manure (Jannoura et al., 2014), urea (Abbasi and
Khizar, 2012), poultry manure (Abbasi and Khizar, 2012;
Fereidooni et al., 2013), and FYM fertilizers (Mahmood
et al., 1997).
An annual CO2 emission rate of 9.7 mg CO2-C ha-1
-1
y has been reported from corn treated with pasteurized
chicken manure at a rate of 10 mg ha-1 yr-1 in sandy loam
soil (Heller et al., 2010) and at 13.3-15.3 mg CO2-C ha-1 y-1
from cattle manure at a rate of 20 mg ha-1 (fresh weight)
in sandy soil (Matsumoto et al., 2008). Fereidooni et al.
(2013) concluded that soil CO2-C production for fertilized
and unfertilized plots over 20-day sampling times was similar, but was greater after the addition of urea and broiler
litter than for the unfertilized plot at other sampling times.
This indicates that soil respiration factors (as soil microbial
activity) may be co-limited by both N and C availability
and that the root activity or plant growth that contribute to
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soil respiration may be limited by the limited N in the soil.
Shrestha et al. (2013) showed that cumulative soil CO2 flux
was higher for cattle manure followed by compost, bare
fallow, and cover crop treatments. The highest CO2 flux
after organic amendment over the non-amended treatment
can be attributed to the combined effects of available C
substrate, soil temperature, moisture regimes (Smith et al.,
2003), and higher microbial activity (Rochette et al., 2000).
Soil respiration was higher in integrated treatments
(cattle manure + urea) than in the urea and unfertilized
treatments. This increase could result from the available
C substrate (Fig. 1) and easily mineralizable organic compounds (Fig. 3), and other essential nutrients (P and N) for
soil microorganisms available in cattle manure. Shimizu et
al. (2009) reported that soil respiration was higher in the
manure plot (beef cattle) than in the fertilizer and unfertilized plots, probably because of the high organic C content
(Fig. 1) in the manure. Lee et al. (2007) reported that about
45% of the C added by beef cattle manure was lost as
CO2-C over four years in switchgrass in South Dakota.
The present study indicated that soil CO2-C respiration
from fertilized soils was dependent on the amount of cattle
manure and urea applied initially and the split and nonsplit urea. Soil respiration was generally greater in plots
that received CM:U (50:50) FDA and CM:U (50:50) SA
(Table 5). This means that the application of urea in the first
stage plus cattle manure enhanced soil CO2-C flux from the
soil surface more effectively that for the urea application at
later stages. Alizadeh et al. (2012) showed that adding urea
fertilizer to cow manure can increase the decomposition of
the manure. They reported that N availability was greater in
CM + UF (47%) than CM (28%) soils.
Overall, the stronger relationship between soil CO2
flux (Table 5) and soil MBC (Fig. 4) at the flowering stage
may be caused by the combined effects of readily-available C and increased MBC with manure application and the
greater contribution of microbial respiration to total soil
CO2 flux.
The DMA was low at the early stages of N. sativa L.
growth because of the lower biomass from the plants
and lower growth rate; DMA increased in the flowering
and reproductive stages (Table 6). This indicates that the
increase in DMA is the result of the increase in mineral N
(Fig. 3) available for the plants. The higher rates of urea-N
fertilizer in the solitary and integrated applications resulted
in higher DMA in the early stages. Gheysari et al. (2009)
found that application of 225 kg N ha-1 resulted in the highest aboveground biomass for silage in the arid and semi-arid
areas under study. At the flowering stage (92 days after
planting), DMA was higher in the split integrated treatments that provided a second portion of urea (top dressing
application); the gradual release of cattle manure nutrients
improved photosynthesis (Table 5) and plant growth, which
continued until the end of sampling. Azeez et al., (2010)
reported that the mean total oven-dry aboveground biomass
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of Cucurbita maxima L. increased progressively from 1.99
to 42.96 g pot-1 when the application rate of cattle manure
increased from 5.33 to 170.60 t ha-1. They found that the
difference in mean total oven-dry biomass between the
control and cattle kraal manure treatments was statistically
significant (p < 0.05) when cattle kraal manure was applied
at a rate of ≥10.66 t ha-1.
The results indicate that the integrated application
of cattle manure and chemical fertilizer increased total N
(Fig. 2), mineral N (Fig. 3), MBC (Fig. 4), and consequently CO2 flux (Table 5). Mineral N and MBC increased in
CM:U (1:1) FDA. The highest soil CO2-C flux was recorded for CM:U (1:1) FDA and SA (Table 5). This shows that
soil CO2-C flux and DMA ran in parallel. The role of soil
N, MBC, and CO2 flux in increasing the DMA of N. sativa L. in the present study can be attributed to the higher
leaf area that allowed absorption of more light and continuous photosynthesis, which ultimately increased DMA.
Similar results were reported by Shoor and Mondani (2012)
under greenhouse conditions; they found that increasing
the concentration of CO2 and nutrients usually increased
photosynthesis, the growth of crops, and the yield. They
concluded that the use of animal manure and nitrogen fertilizer appears to increase the CO2, DMA, and yield per plant.
Niboyet et al. (2010) demonstrated the DMA of Dactylis
significantly increased after the addition of N.
Somanath et al. (2005) reported improved dry matter
yield in Coleus forskohlii after integrated use of FYM +
NPK than for NPK alone. The results of the present study
show that the integrated use of cattle manure and urea
fertilizer resulted in higher DMA of N. sativa L. over the
solitary application of cattle manure and urea fertilizer
(Table 6). This can be attributed to the better nutrient supply from cattle manure over time and the timely availability
of N-urea fertilizer needed for plant growth.
The current study shows that the positive effects of the
integrated CM:U (50:50 ) treatment on DMA can be attributed to the stimulation of microbial activity (Fig. 4) and
acceleration of decomposition. Other studies have reported
that the integration of 50% organic manure can improve
soil quality (Agbede et al., 2008), the gradual release of nutrients (Sharma and Mittra, 1991), and the increase in DMA.
Alizadeh et al. (2012) reported that at 110 days of field
incubation, there was no statistical difference in maize
dry weight among CM, UF, and CM+UF treatments. They
reported higher maize dry weight in CM+UF (14900 kg
ha-1) than in CM (14000 kg ha-1) and UF (12900 kg ha-1)
treatments.
Studies have found that the highest DMA at the end of
sampling occurred for the 50% chemical fertilizer + 50%
broiler litter application and the lowest DMA was observed
in the unfertilized control (Ghosh et al., 2003).
Pearson correlation results indicate that the increase in
N. sativa L. DMA is connected with the increase in soil
CO2 flux following the application of organic and inorganic
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fertilizers. This is probably caused by the addition of urea
fertilizer and cattle manure that stimulate N. sativa L. performance. Fereidooni et al. (2013) observed a significant
and positive correlation between maize aboveground biomass dry weight and CO2 production. They indicated that
the addition of urea fertilizer and poultry manure appeared
to stimulate maize performance (Fereidooni et al., 2013).
Enhancement of the soil physiochemical properties
after the addition of mineral and organic fertilizer could
influence the soil properties and N. sativa L. DMA. The
present study shows that cattle manure combined with
chemical fertilizer increased N. sativa L. growth and microbial activity in the soil.
CONCLUSIONS

1. Cattle manure with a high C/N ratio with addition
of chemical fertilizer significantly improved the biological
properties of soil under N. sativa L. and resulted in higher
microbial biomass C, soil organic carbon, soil total N, soil
mineral N, and soil CO2-C flux. This method significantly
increased, dry matter accumulation over that for the solitary application of urea fertilizer and cattle manure.
2. The results showed that, at the early stages of N. sativa L. growth, the positive effect of solitary application of
urea fertilizer on soil CO2-C flux and dry matter accumulation was greater than the solitary cattle manure application
and at the later flowering stage, the effect of solitary cattle
manure application over urea application.
3. Addition of urea fertilizer to cattle manure with high
C/N increased decomposition of organic N and nutrient
mineralization and availability.
4. The combined application of cattle manure and chemical fertilizer and full-dose application of urea increased
fertilizer efficiency, maintained soil biological conditions,
decreased the need for chemical fertilizers, and decreased
the cost of top dressing fertilizer. This decreases environmental problems and the knock-on effects of cattle manure
produced in the surrounding villages.
5. Dry matter increased as the soil CO2 flux increased;
thus, this method can help reduce global warming and climate change. The use of carbon-14 is recommended for
determination of the ratio of soil CO2 flux in plant photosynthesis under organic and conventional systems.
Conflict of interest: The Authors do not declare conflict of interest.
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