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Abstract: A laboratory experiment was conducted using the completely randomised design (CRD) to estimate
CO, released from the soil in one of the labs at the College of Agriculture and Forestry using two levels of fungus
inoculant (without inoculation and inoculation with Trichoderma harzianum) with 10 cm?, and two levels of cow
amendment (without manuring and 2% manure). This experiment was conducted in two types of soils, the first
was taken from one of the fields at the College of Agriculture and Forestry and the second soil was taken from
the Zaweetah area, which is planted with pine trees targeting the release of CO, that is considered as an indicator
of the biological decomposition of organic fertilisers. The experimental units were incubated for 10, 20, 40 and 60
days at a temperature of 28°C £2. The results showed that inoculating the soil with 7. harzianum fungus, in the
presence of the organic amendment (cow manure), gave the highest value of CO, release at the incubation period
of 40 days for both soils as the CO, release values were 52.9 and 57.7 mg.100 g! soil. Moreover, a decrease in
the quantity of CO, released was observed at the incubation period of 60 days in both soils.
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Introduction

Lime soils are known as soils that include certain
quantities of calcium carbonate and are characterised by
high quality surface areas due to their fine particles that
negatively affect the availability of the soil to nutrients
(Kadry, 1973). Also, Hagin and Tucker (1982) defined
lime soil has the levels of extractable Ca and Mg, which
are more than the cation exchange capacity. AlAmiri
(2011) found that the organic matter decomposition,
whether it is sheep or cow amendment, speed and CO,
release increase are more in the lime soils compared to
the gypsum soils.

In the meantime, the whole world is inclined to
adapt clean agricultural technologies and minimise, as
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much as possible, the pollution hazards. For this reason,
biological and organic fertilisers are used instead of
chemical ones (El-Akabawy, 2000). Organic fertilisers
are of great importance due to the nutrients they offer
especially nitrogen (Ouda and AlE$a, 2003). Jabbar
and AlSheikhli (2013) found the high percentage of
the aggregates by adding the biological and organic
fertilisers. Also, Rosen and Bierman (2007) mentioned
that the organic fertilisers help conserving the moisture
content of the soil and the increase of organic
amendment mineralisation in the soil causes a steady
decrease in carbon to nitrogen ratio (Hartley and Ine$on,
2008). Walpola and Arunakumara (2010), AlObaidi and
Mohammed (2009) and AlAmiri (2011) found that the
speed of decomposition varies according to the ratio
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of the carbon to nitrogen of the organic amendment,
as this speed increases with the decrease of the ratio
of carbon to nitrogen.

Organic carbon is the main element of soil fertility
as it enhances the structure, health and physical and
biological qualities of the soil by means of attaching
the particles of the soil and changing them into cohesive
soils. AlObaidi and Ali (2009), Salih and Ali (2017)
and AlAmiri (2011) found that there was an increase
in the quantity of CO, release with the increase of the
organic fertiliser incubation in the soil, as well as its
high ability to give the plant host high resistance against
some pathogens as this contributes to the formation of
nutrients in the soil through the release of CO, to the
atmosphere.

The ratio of the organic carbon in the soil differs
according to the type of the soil as storing an abundant
quantity of carbon in the soil decreases the carbon
content in the atmosphere and this limits the global
warming phenomenon. Carbon contributes to the
hydrogen changes that occur in the soil (Qasim and
Ali, 1989).

Biological fertilisers are regarded as one of the
modern technologies used to mitigate the excessive
use of chemical fertilisers. In recent years, these
fertilisers have attracted much attention to be used as
safe alternative methods to enhance the soil properties
and its content of some elements like phosphorus and
nitrogen (Ali, 2015). In addition to that, inoculation
using fungi increases the content of N, P and K in
the plants (Harbawe, 2014). In order to mitigate the
soil pollution problems caused by chemical fertilisers,
biological activity should be promoted by means of
using biological inoculation techniques (Jabbar and
AlSheikhli, 2013). Moreover, Atroshy (2004) and
Janssens$ (2006) suggested that the metabolic activity
of the thermophilic microbes increases the temperature.

The fungus 7. harzianum is regarded as one of the
fungi belonging to the class Saprophyte that is used
in the biocontrol field on a wide scale as proven by
several experiments in various countries around the
world, especially in terms of increasing the availability
of some elements such as nitrogen, phosphorus and
potassium by secreting some enzymes and its high
ability in providing the host plant with high resistance
against some pathogens (AlHadeethi, 2002; Altomare
et al., 1999; Harman, 2000).

The study aims at investigating the role of Tricoderma
harzianum fungus and its importance in decomposing
the organic matter and the release of CO, in the lime

soils, thereby enhancing the physical properties of the
soil and nutrients availability.

Materials and Methods

Collecting the Soils and Preparing them for
Planting

In this study, two soil samples were taken from different
depths (0 and 30 cm) and different locations, the first
sample was taken from an unplanted field affiliated
with the College of Agriculture and Forestry at Mosul
University. Then the soil was mixed and blended to give
a compound sample that could represent the field. The
second sample was taken from the Zaweetah area in
Duhok Governorate from a location planted with pine
trees. The sample was taken to the laboratory and dried
under air, ground and filtered through a 2mm sieve to
conduct the routine analyses, as shown in Table 1.

Preparation of the Organic Amendment

Partially fermented cow manure was used as an organic
source. It was dried by air, ground and filtered through
a 2 mm sieve to conduct the chemical analyses. Table
1 shows some of the chemical properties of the cow
manure (AlTaee, 2013).

Preparation of the Spore Suspension

A plate that contains an isolate of 7. harzianum was
taken from the Nematode laboratory that belongs to
Plant Protection Department. The fungal isolate was
inoculated on the solid Martin Media in 250 cm?® conical
flasks and then put in an incubator for one week at a
temperature of 28°C £2. After the completion of growth,
10 cm? of sterilised water was added and then the spores
were scattered on the surface of the environment with
the help of water by inoculation needle to convey the
spores to the water so that a dense spore suspension
can be formed and to bring the number of transactions
to 64 transactions.

An experiment was conducted with three factors,
such as the organic matter, inoculation agent and the
period of incubation with three replicates within the
completely randomised design (CRD), by taking 100
grams of the soil and treating it with the organic matter
(cow manure) and compared to the (control) treatment
(without adding cow amendment). The addition was
performed on the basis of the ratio of organic carbon in
the soil. The cow manure was added so that the organic
carbon percentage becomes 2%. The soil was put in a
sealed plastic bottle and water was added to the moisture
content equivalent to 75% of the field capacity, and the
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Table 1: Physical, chemical and biological properties of the two soils taken for the study
Property Unit Measurement
Soil from the College of Zaweetah Cow
Agriculture and Forestry soil manure
Soil separations Sand gkg! 299.50 251
Clay 269.00 420
Celt 431.50 329
Texture Celt clay Clay Lime
Field capacity gkg! 20 27.5
Exchange capacity of cations Cent.mole.kg™! 22.83 0.70
Electrical conductivity dS.m! 0.62 7.37 8.34
pH of soil reaction (1:1) 7.6 323 8.21
Organic matter gkg! 8.03 310
Calcium carbonate 350
Organic carbon 286
Content of available elements ~ Nitrogen gkg! 31.00 19
Phosphorus 10 6.7
Potassium 320 200

lost water was compensated by recording the weights
of the bottles at the required moisture by adding water.
The samples were incubated at a temperature of 28°C
+2 in incubation periods of 10, 20, 40 and 60 days.
Figure 1 shows the treatments used in the experiment.
The quantity of CO, was estimated for the incubation
periods 10, 20, 40 and 60 days according to the Stotzoky
method mentioned by Black (1965b). A small beaker,

soil

which includes 10 ml of sodium hydroxide (1N) was
placed inside the sealed bottles to prevent the loss of the
CO, released, because the sodium hydroxide solution
reacts with CO, present in the air which is now trapped
in the bottle and the result will be the turbid sodium
carbonate that is precipitated by adding 5 ml of barium
chloride (IN) as in the following equations:

2NaOH + CO, — NaCO,

N
r N\
Zawegta l College of Agricylture and Forestry
A Inoculation )L
r I r I
) Inoculated Wll:h Not inoculated Inoculated with Not inoculated
Trichoderma harzianum . )
¢ Trichoderma harzianum ¢

Cow manure Cow manure

\

2% 0%

K_/\

2%

0% 2%

0%

A
Incubafion period (day) &—

—

f

60 40

~

20 10

Figure 1: Diagram of transactions in the experiment.
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Turbid solution
NaCO, +BaCl,—— 2NaCl + BaCO; (white precipitate)

Then the samples were titrated with hydrochloric
acid (0.5N) with the presence of the phenolphthalein
reagent as an indicator to show the interaction end
point, and the quantity of CO, was measured using the
following equation:

mg CO,/ 100 gm soil = (B — V) NE

where, B = the volume of the acid consumed (ml) in
the comparison. V' = the volume of the acid consumed
(ml) in the treatment. N = normality of Hydrochloric
acid (HCI). £ = the equivalent weight of (CO,), which
equals 22.

Results were statistically analysed using the SPSS
package.

Results and Discussion

The results given in Tables 2 and 3 indicate
the superiority of the treatment inoculated with
1. harzianum fungus and fertilised with cow amendment
at the incubation period (40 days) over the rest of the

treatments as the values were 52.90 mg CO,.100 g! for
the soil collected from the College of Agriculture and
Forestry. While the soil collected from Zaweetah area
showed values of 48.1 and 57.46 mg CO,.100 g soil.
This is in conformity with the study by Silva Junior et
al. (2009), which showed that adding the organic matter
increases the quantity of soil, eventually mineralising
to carbon. On the other hand, the treatment inoculated
with T harzianum and fertilised with cow amendment
was superior and gave the highest values compared
to the treatment that is not inoculated for both soils
as the values were (57.46 and 52.90) mg Co,.g"! soil
respectively, and this may be due to the activity of the
microbes that decompose the organic matter and lead
to the release of CO,. This is in conformity with the
findings by AlRawi (2000) and Omran (2005), as they
argued that the increase in the activity of microbes
results in the decomposition of cow amendment and
consequently the release of CO,. In addition to that,
the periods of incubation had a significant effect on
the release of CO, and the availability of the minor
elements with the suitable temperature and moisture
content (AlAmiri, 2011). Also, the increase in the
quantity of CO, released is due to the quantity of the

Table 2: The effect of inoculation with Trichoderma harzianum fungus and fertilising with cow amendments on
releasing CO, in the soil of the College of Agriculture and Forestry

Inoculation Fertilising Period of incubation (day) Inoculation  Inoculation  Fertilisation
with cow 10 20 40 60 effect x effect effect
manure fertilisation
Zero Zero 1546 21.53 2396 17.03 19.50
(0] L N D
2% 19.36M 24.03 3326 2546 25.52
J C I C
T. harzianum Zero 22.63 33.60 4796  29.20 33.34
K E F G B
2% 27.50 49.13 5290 43.93 43.36
H B A D A
Interference between Zero 17.41 2278 28.61 21.25 22.51
inoculation and H F D G B
incubation period T harzianum 2506 4136 5043  36.56 38.35
E B A C A
Interference between Zero 19.05 27.56 3596 23.11 26.42
fertilisation and H E C G B
incubation period 7oy 2343 3696 43.08 34.70 34.45
F B A D A
Effect of the incubation period 21.24  32.07 39.52 2890
D B A C
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Table 3: The effect of inoculation with Trichoderma harzianum fungus and fertilising with cow amendments on
releasing CO, in Zaweetah soil

Inoculation Fertilising with Period of incubation (day) Inoculation Inoculation  Fertilisation
cow manure 10 20 40 60 effect x effect effect
fertilisation
Zero Zero 18.36M 248  25.06H 24.56 23.20
H I D
2% 21.66  26.13G  33.60E  26.26 26.91
L J C
T. harzianum Zero 22.76  36.66D 52.13B 23.8 33.84
K G B
2% 28.43 52.36B  57.46A 41.36C 44.90
F A
Interference Zero 20.01  2546E 2933D 2541 25.05
between inoculation F E B
and incubation T harzianum 2560 4451 5480  32.58 39.37
period E B A C A
Interference Zero 20.56 30.73 38.60 24.18 28.52
between H E C G B
fertilisation and 2% 2505 3925 4553 3381 35.91
incubation period F B A D A
Effect of incubation period 22.80 34.99 42.06 29.00
D B A C
organic carbon, which results from the total nitrogen and Conclusion

the decrease of the ratio of carbon to nitrogen which is
decomposed by the microbes. These findings conform
with the results of Janzen and Kucey (1988), AlObaidi
and Mohammed (2009) and Walpola and Arunkumara
(2010).

The increase in the release of CO, quantities resulted
due to the increase of the total content of nitrogen that is
decomposed by the microbes, also there was an increase
in the quantity of volatile CO, with the increase of time
period, during which the organic fertiliser remains in the
soil. On the other hand, the CO, quantity decreased at
the incubation period of 60 days and this decrease may
be due to the decrease of the organic matter quantity
with time as it is consumed by the soil microbes and
eventually the quantity of CO, in the soil decreases. This
was also indicated by Jarallah (2014) who mentioned
that there is an increase in the quantity of CO, with the
presence of cow amendment at the incubation period
of 50 days, and then this value decreases at the period
of 70 days. This decrease could be due to low activity
of the microbes and low use of the organic matter by
them and this corresponds with what Rasul et al. (2006)
found, which means that the direct use of the organic
matter leads to maintain the metabolic activity of the
microbes.

Results showed that inoculation of the soil samples with
T harzianum fungus, in the presence of the organic
amendment (cow manure), gave the highest value of
CO, release at the incubation period of 40 days for
both soils as the CO, release values were 52.9 and 57.7
mg.100 g, respectively. Moreover, a decrease in the
quantity of CO, released was observed at the incubation
period of 60 days in both soils.

Acknowledgement

The authors would like to thanks Mrs. Nibal Mousa for
helping them with this research work.

References

AlAmiri, Alaa Hus$ein Fahmi (2011). The effect of gypsum
soil content on decomposing various organic matters and
the formation of the humus acids and its effect on the
state and behaviour of Potassium. A master thesis. The
mechanism of Agriculture. Tikrit University.

Alhdi¢i, Bahaa Abdel Jabbar and Hus$ein Arnou$ Farag
(2012). The role of Azotobacter chroococcum and



122 Mohammed Ayad Harbawi et al.

Trichoderma harzianum in the nitrogen readiness of
barley Hordeum vulgare Kufa. Journal of Agricultural
Sciences, 4(2): 157-174.

Ali, Hala Arshad (2015). Studying the use of various
fertilisers to enhance some soil properties in Tikrit. Tikrit
Journal for Pure Sciences, 20(3): 5-11.

AlObaidi, Basim Shaar Obaid and Ali E$a Mohammed
(2009). Kinetics of carbon dioxide release from different
organic matters. Tikrit Journal for Agricultural Sciences.
9(3): 224-237.

AlRawi, Ali Abdulhadi Abdulmajeed (2000). The release of
carbon dioxide and nitrogen supply from the various
organic matters added to the soil. A master thesis —
department of soil — College of Agriculture-Baghdad
University.

AlTaee, Rand Abdulhadi Ghazal (2013). The effect of certain
factors on the activity of some enzymes in lime soils in
Mosul city. A PhD. Thesis. College of Agriculture and
Forestry — Mosul University.

Altomare, C., Norvell, W.A., Bjorkman, T. and G.E.
Harman (1999). Solubilisation of Phosphates and
Micronutrients by the Plant-Growth-Promoting and
Biocontrol Fungus Trichoderma harzianum Rifai 1295-
22. American Society for Microbiology. ASM Journals.

Atroshy, M.(2004). Kinetic of sheep manure decomposition
and enzymatic activity in calcareous soils. M.Sc. Thesis
soil and water Dept., College of Agriculture, University
of Dohuk.

Black, C.A. (1965b). Methods of soil Analysis. Part (2).
Chemical and Microbiological Properties. Am. Soc.
Agron. Inc. Publisher, Wisconsin. USA.

El-Akabawy, M.A. (2000). Effect of some biofertilisers
and farmyard manure on yield and nutrient uptake
of Egyptian clover grown on lomy sand soil. Egypt
Journal Agriculture Res., 78(5).

Hagin, J. and B. Tucker (1982). Fertilisation of dry land and
irrigated soils. Springer, Verlag New York. Pp: 75-90.

Harman, G.E. (2000). Myths and dogmas of biocontrol-Plant
Disease, 84(4): 377-393.

Harbawe, Mohammed Ayad (2014). The effect of inoculation
using some fungi and phosphate and organic fertilisation
on the activity of phosphatase enzyme, the growth and
yield of Nigella sativa L. A master thesis — Department
of Soil Sciences and Water Resources — College of
Agriculture and Forestry — Mosul University.

Hartley, L. and P. IneSon (2008). Substrate quality and
temperature  sensitivity of soil organic matter
decomposition. Soil Biology and Biochemistry, 40:
1587-1574.

Jabbar, H.A. and A.H. AlSheikhli (2013). The role of the
organic matter and Clomalin in the formation and
stability of the soil. AIFurat Journal for Agricultural
Sciences, 5(4): 499-510.

Jansésens, 1.A. (2006). Temperature sensitivity of soil carbon
decomposition and feedbacks to climate change.
Nature, 440: 165-173.

Janzen, HK. and R.M.N. Kucey (1988). C: N and S
mineralisation of crop residues as in flounced by Group
Species and nutrient regime. Plant and Soil, 106: 35-
41.

Jarallah, R.S. (2014). The estimation of carbon dioxide
released and the preparation of bacteria and fungi in
the rizosphere @ soil for wheat and broadbeans plants.
AlFurat Journal for Agricultural Sciences, 6(4): 400-
408.

Kadry, T. (1973). Distribution of calcareous soil in the Near
East region, their reclamation and land use measures
and achievement. F.A4.O. Soil Bulletin, 21: 17-27.

Omran, A.R. (2005). The epidemiologic transition: A theory
of the epidemiology of population change. The Milbank
Quarterly, 83: 731-757.

Ouda, Mahmood and AlE$a Abdullah (2003). The effect
of using different types of organic fertilisers on the
biological and fertility properties of the soil. A/Baath
University Journal, 25(8).

Qasim, Ghayyath Mohammed and Muther Abdulsattar Ali
(1998). Soil microbial Science. College of Agriculture
— Mosul University. Ibn AlAtheer House for printing
and publication.

Rasul, G., Appahn, A., Muller, T. and R.G. Joergensen
(2006). Salinity induced changes in the microbial use
of sugarcane filter cake added to soil. Appl. Soil Ecol.
31: 1-10.

Rosen, C. and P. Bierman (2007). Using manure in gardens.
University of Minnes. Extension 9(4) April 1.

Salih, Ahmed Mohammed Ali Sham$ AlDeen (2017).
Unexchangeable Potassium release in some soils in the
north of Iraq using the kinetic input. A master thesis,
Department of Soil Sciences and Water Resources —
College of Agriculture and Forestry — Mosul University.

Silva Junior, J. M. T. da; Tavare$, R.de.C. Mendes, F.P.F. and
V.E.F. Gome$ (2009). Efeitos de niveis de salinidade
sobrea atividade microbiana deum argissolo amarelo
incubodo com diferents adubos organicos. Revisit
Brasilia de cynics Agrarians, 4(2): 378-382.

Walpola, B.C. and K.K.Lu. Arunakumara (2010). Effect
of salt stress on decomposition of organic matter and
nitrogen mineralisation and animal manure amended
soils. The Journal of Agriculture Science, 5(1): 9-18.



