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Abstract

A field experiment was carried out in silty loam soil at Agricultural Research
Station of Garmat Ali in Basrah-Iraq. The aim of study was to determine the
effect of different fertilization treatments on some soil properties (soil mean
weight diameter, total soil porosity and soil penetration resistance at different
soil depths), corn growth parameters (plant height, leaves area per plant, number
of ears per plant and biological yield at maturity stage of plant) and N,P,K
concentration in corn leaves at seedling, tasselling and maturity stages. The
fertilization treatments were control, without any fertilization (T,), chemical
fertilization (200,130,100 kg N,P,K ha') (T,) and combined fertilization
(manure at level 40 ton ha” + N,P,K (200,130,100 kg ha™)) (T,). The results
showed that, the mean weight diameter and total soil porosity significantly
increased, while, the soil penetration resistance decreased with T, treatment as
compared with T, and T, treatments. While, there was no significant effect
between T; and T, treatment on all soil properties studied. The mean weight
diameter and total soil porosity significantly decreased, while, the soil
penetration resistance increased with increasing the soil depth for all fertilization
treatments. Plant height, leave area, number of ears per plant and biological
yield significantly increased by 19.20, 18.27, 31.29 and 65.05% with T,
treatment compared with T, treatment, respectively, and by 40.71, 51.40, 70.80
and 151.33% compared with T, treatment, respectively. N, P and K

concentration of corn leaves significantly increased with T, treatment in
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progressing of growing season compared with T, and T, treatment, while, there

was decreased with increasing plant growth for all fertilization treatments.

Key words : manure, chemical fertilizer, physical properties of soil, corn growth parameters.

Introduction

Iraqi soils of southern region are very poor in organic matter content (less
than 1%) due to low vegetation cover and arid climatic conditions, resulting in a
decline in plant productivity due to the degradation of soil properties and the
lack in essential nutrients for plant growth (Al-Hadithi and Abdul-Hamza,
2010). Therefore, use of organic inputs such as crop residues, manures or
compost has great potential for improving soil health and crop yield through
improvement of the physical, chemical and microbiological properties as well as
enhance soil fertility (Stone and Elioff, 1998). The available data indicates that
the combined application of organic and inorganic fertilizers is the best method
and more conducive to increase crop yields and improve soil physical and
chemical properties rather than using them individually (Efthimiadou et al.,

2010; Bandyopadhyay et al., 2010 and Jinwei and Lianren, 2011).

Soil physical properties such as mean weight diameter, total porosity and
penetration resistance are important components of soil quality and structure and
they affect plant growth. Such properties are affected by organic input in soil
and methods of fertilization eg. organic, inorganic and combination (Xin ef al.,
2016). Haynes and Naidu (1998) reviewed that addition of organic manures into
soil resulted higher water holding capacity, porosity and water stable
aggregation compared with untreated soil. Bandyopadhyay et al. (2010) reported
that the application of organic manure with N,P,K fertilizers lead to increase soil
organic carbon, total porosity, mean weight diameter and hydraulic conductivity,

while decrease bulk density compared with N,P,K fertilizers alone or control.

Corn (Zea mays L.) is considered as one of the most important and popular

weeds which used as a source of food for humans as well as animal feeds (Ayeni
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et al., 2012). Organic and inorganic fertilizers play an important role in
improving corn productivity (Bedada et al., 2014). Akongwubel et al. (2012)
found that the corn growth parameters such as plant height, number of leaves per
plant, leaf dry weight, stem dry weight and grain yield were increased by 68.00,
58.57, 18.88, 30.92 and 244.44%, respectively, with addition of poultry manure
at level of 10 ton ha™ compared with control. Ayeni and Adetunji (2010) showed
that the combined application of manure (10 ton ha™) with mineral fertilizer
(200 kg N,P.K ha') for corn, the plant height, grain yield, N, P and K
concentration in plant increased by 10.98, 85.78, 20.15, 16.13 and 8.59%
respectively, compared with mineral fertilizer alone, and by 21.83, 221.64,

22.00, 44.00 and 39.37% respectively, compared with control treatment.

The objective of this study is to determine the effect of cattle manure with

chemical fertilizer on some soil properties and corn growth parameters.

Materials and methods

The study was carried out in silty loam soil of Agricultural Research Station,
College of Agriculture, University of Basrah in order to study the effect of
fertilization treatments on some soil properties, some corn growth parameters
and N,P and K concentration of corn leaves. The treatments were (1) without
fertilization (Ty); (2) chemical fertilization of 200,130,100 kg N,P,K ha (Ty);
(3) manure at level of 40 ton ha' + N,P,K at level of 200,130,100 kg ha’,
respectively (Ty).

The manure was added and mixed with soil at 0-20 cm depth by using a
ditch opener and manure laying machine which was manufactured in the
Agriculture Machines Department, College of Agriculture, University of Basrah
at the time of sowing. While, the chemical fertilizers (N, P and K) was added to
soil at 7 cm depth as urea (46% N), triple super phosphate (20.21% P) and
potassium sulfate (43% K) , respectively.
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The field was plowed perpendicularly at 30 cm depth using moldboard plow,
then was added the manure as rows of 10 m length, the distance between the
rows was 0.75 m. After that, the corn seeds variety (FAO 700) were sown on
manure rows under drip irrigation system. The different treatments were
arranged in a randomized complete block design (RCBD) with three
replications. All the obtained data were subjected to analysis of variance
(ANOVA) using GenStat 14 statistics program. The means of the treatments
were compared using Least Significance Difference (LSD) at 5% level of

probability.

The initial properties of soil at depths of 0-10, 10-20 and 20-30 cm and the
chemical properties of manure used were analyzed according to Black et al.

(1965), Page et al. (1982) and Richards (1954) and presented in tables (1) and
2).

Table (1): Some properties of the soil used.

Property Soil depth (cm)

0-10 10-20 20-30
pH 8.14 8.13 8.12
EC (dSm™) 7.21 7.52 8.10
O.M (gkg™) 6.56 6.14 5.73
CaCO; (gkg™) 369.28 321.85 314.17
N (mg kg™) 19.13 18.71 18.32
P (mgkg") 16.42 16.15 15.79
K (mgkg™) 98.73 96.65 90.64
CEC (Cmol kg™) 26.01 24.98 24.76
Clay (g kg™) 212.24 223.59 226.18
Sand (g kg™) 204.81 190.16 171.64
Silt (g kg™) 582.95 586.25 602.18
Soil texture silty loam  silty loam silty loam

Table (2): Some properties of manure used in the study.

pH  EC N P K oM 0oC C/N
dSm"' gkg' gkg' gkg' gkg' gkg'

642 13.25 1737  7.16 10.44 36322 210.69 12.13
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The properties of soil were determined at the end growing season (at full
maturity stage of plant) of three depths (0-10, 10-20 and 20-30 cm) as

following:-
Soil mean weight diameter (MWD) (mm): The soil mean weight diameter was
determined according to Black et al. (1965) by the following equation:

n
MWD = ZXiWi e (1)

i=1

Where:

MWD = Soil mean weight diameter (mm).

Xi = Average clod diameter in a particular sieve (mm).

Wi = Weight of clods in the size range i as a proportion of total dry weight of sample
analyzed.

n = Number of sieves.

Total soil porosity (f) (%): The total soil porosity was determined according to

Black et al. (1965) by using the following equation:
f=a —‘;_b) X100 .ooee (2)

Where:
f= Total soil porosity (%).
P, = Bulk density of soil (g cm™).

ps = Density of solid soil substance, it was assumed to be constant (2.65 g cm™).

Soil penetration resistance (CI) (kN m™): The soil penetration resistance (cone
index) was measured by using a penetrometer (0.02815 m cone diameter and
35° cone angle). It was determined according to Roozbeh et al. (2010) by the

following equation:

cr=t 3
= e 3)

Where:
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CI = Cone index (kN m™).
F’ = Penetration force (kN).

A= Cone base area (m?).

For the measurement of growth parameters, a set of five plants in the center
of rows was randomly selected at the end growing season of corn (full maturity
stage of plant). The following growth parameters were recorded: plant height
(cm), this was taken from soil surface to the apical tip of the plant; leaves area
(cm®) per plant, this was estimated as its length multiplied by its maximum
width multiplied by 0.75 (maize leaf calibration factor) according to Elings
(2000); number of ears per plant; biological yield (g plant'), this was
determined by weight the total plant (ears and straw) after drying at 13-14%
moisture content according to Elsahookie (1990) and N, P and K concentration
in leaves (g kg'), samples of leaves were taken to assay the N, P and K
concentrations at three growth stages of plant (seedling, tasselling and maturity)
according to page et al. (1982) method after wet digestion according to Cresser

and Parsons (1979).

Results and Discussion

Soil properties:

Mean weight diameter of soil (MWD): The soil mean weight diameter is an
important indicator of soil structure. The results showed that the soil mean
weight diameter was significantly affected (p < 0.05) by different fertilization
treatments (table 3). The highest value of soil mean weight diameter (0.65 mm)
recorded with the combined fertilization treatment (T,), with significantly
differences among other treatments. While, the lowest value of soil mean weight
diameter (0.46 mm) recorded with the control treatment (T,). This results were
in agreement with Selvi ef al. (2005). This results explained that incorporating
organic manure into soil increase mean weight diameter of soil as compared

with chemical fertilizer alone or control treatment results. This may be due to
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increasing the concentration of organic matter in soil and soil microbial activity,
and get produce positive effects on mean weight diameter and soil structure
(Karami et al., 2012). Baohuna and Harvey (1993) indicated that the increasing
in mean weight diameter of soil with the application of organic waste may be
due to after addition organic matter release of some organic acids by microbial
activity which helps to increase the stability of soil aggregates, as well as
increasing the concentration of some organic compounds such as Fulvic acid
and polysaccharides, which play an important role together along with ions of
Na'? and Ca' in increase the stability of soil and thus increase the mean weight
diameter of soil. Rasool ef al. (2008) found that the soil mean weight diameter
increased by 65% with application of manure compared with control at the end
caused a maize growth. While, Sarkar et al. (2003) reported that application of
inorganic fertilizers alone decreased the stability of macro-aggregates due to low
organic matter in soil. This was confirmed by Biswas et al. (2009), where he
obtained a high coefficient of correlation (r = 0.85) between the organic carbon

in the soil and mean weight diameter of soil.

The results of the effect soil depth on soil mean weight diameter showed that
the mean weight diameter of soil significantly decreased (p < 0.05) by 11.11 and
15.79% at the soil depth of 20-30 cm compared with 10-20 and 0-10 cm depths,
respectively (table 3). This may be due to the presence of manure in the surface
depths causing increasing improvement of soil mean weight diameter. While, the
presence of a manure-free layer at the depth of 20-30 cm may reduce the effect
of organic matter on improving soil mean weight diameter at this depth. Rasool
et al. (2008) found that the soil mean weight diameter decreased by 47.61% at
the soil depth of 15-30 cm compared with 0-15 cm. This was attributed to
increase organic carbon in the upper layers of soil compared to the lower layers.

This results also were in agreement with some previous studies whose indicated
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that the soil mean weight diameter decreased with increasing the soil depth

(Huang et al., 2015).

The interaction between the fertilization treatment and soil depth had
significant effect (p < 0.05) on soil mean weight diameter (tab. 3). The lowest
value of soil mean weight diameter associated with soil depth of 20-30 cm and
control treatment (T,), while, the highest value of soil mean weight diameter
associated with soil depth of 0-10 cm and the combined fertilization treatment
(Ty). This 1s due to the synergistic effect of soil depth and the addition of organic

waste to increased soil mean weight diameter.

Table (3): Effect of fertilization treatment and soil depth on
soil mean weight diameter (MWD)(mm)

Treatment (T) Soil depth (cm)(D)

0-10 10-20 20-30  Mean
Ty 0.50 0.46 0.42 0.46
T, 0.51 0.48 0.43 0.47
T, 0.69 0.68 0.58 0.65
Mean 0.57 0.54 0.48
LSD T (0.018) D (0.018) T xD (0.031)

Total soil porosity (%): The results in table (4) indicated that the different
fertilization treatments had significant effect (p < 0.05) on the soil porosity. The
lowest porosity of the soil was in the control treatment (T,) which was 52.06%
and significantly differs with the other treatments except at the chemical
fertilization treatment (52.57%). While, the highest soil porosity was found in
the combined fertilization treatment (T,) which was 57.57% and significantly
differs of the other treatments. The results were consistent with some previous
research results where the addition of manure to the soil along with chemical
fertilizers may turn out to have real impact on soil porosity (Agbede ef al., 2008
and Javed et al., 2013). The increasing of soil porosity may occurs because the
organic materials may stimulate the formation of soil aggregates as it is

indicated by a decrease in soil bulk density. The increasing of soil aggregate
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stability due to the addition of manure (table 3) lead to increasing soil porosity
(Rasoulzadeh and Yaghoubi, 2010). Mandal ez al. (2013) stated that the organic
materials may act as a cementing agent between soil particles that may improve
soil aggregate stability, thereby improve soil porosity. Also, the organic
materials have low bulk density and high porosity when it was added to the soil
causing significant increasing in soil porosity (Shirani et al., 2002). While. Al-
Mohammedi (2009) reported that the organic materials influence microbial
activity since, they provide the soil with carbon and essential nutrients for
microbial growth which bonding soil particles by hyphens and different

exudates resulting in increase soil porosity.

The results showed that increasing the soil depth from 0-10 to 10-20 and 20-
30 cm, decreasing the soil porosity significantly (p < 0.05) from 55.91 to 54.19
and 52.30 %, respectively (tab. 4). The presence of manure in the surface depths
may increased the concentration of organic matter in those depths, resulting in
an improvement of the bulk density and porosity of soil. While, the presence of a
manure-free layer under the surface of the soil at depth of 20-30 cm may reduce
the effect of organic matter on improving porosity at this depth. Agbede (2006)
observed that increasing soil depth reduced soil porosity as a result of lack of
organic matter and increasing compaction potential. This results were in

agreement with Rasool ef a/.(2008).

The interaction between the fertilization treatment and soil depth had
significant effect (p < 0.05) on soil porosity (tab. 4). The lowest value of soil
porosity (50.86 %) was recorded at soil depth of 20-30 cm and control treatment
(Ty), and the highest value of soil porosity (59.37 %) was recorded at soil depth
of 0-10 cm and the combined fertilization treatment (T,). This is definitely due
to the synergistic effect of soil depth and the addition of organic waste to

increase soil porosity.
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Table (4): Effect of fertilization treatment and soil depth
on soil porosity (%)

Treatment (T) Soil depth (cm)(D)

0-10 10-20 20-30  Mean
Ty 53.53 51.78 50.86 52.06
T, 54.21 51.79 51.70 52.57
T; 59.37 58.99 54.34 57.57
Mean 55.91 54.19 52.30
LSD T(1.022) D 1.022) T xD(1.770)

Soil penetration resistance (kN m?): The results in table (5) showed that the
soil penetration resistance significantly decreased (p < 0.05) at the combined
fertilization treatment (T,) compared with chemical fertilization treatment (T))
or control (Ty). The values were 1247.68, 1532.76 and 1571.17 kN m™ for T,, T,
and T, respectively. This results were in agreement with many previous studies
which indicated that the application of organic manure can decrease soil
penetration resistance (Stock and Downes, 2008 and Bandyopadhyay et al.,
2010). This finding could be attributed to the role of organic manure of
treatment (T,) in increasing the stability of soil aggregates and total soil porosity
(tables 3 and 4), which was reflected at reducing soil penetration resistance
compared with Ty and T, treatments. Xin et al. (2016) reported that the organic
manure can increase soil organic carbon content directly and then improve
penetration resistance of soil as a result of improved aggregation, moisture
content, bulk density and soil porosity. Similarly, Celik et al. (2010) found the
soil penetration resistance significantly decreased between (17.83 and 29.80 %)
with manure application compared with mineral fertilizers alone and control,
respectively.

The effect of soil depth on soil penetration resistance was presented in table
(5). The results showed that the mean soil penetration resistance significantly

increased (p < 0.05) with increasing the soil depth. They were 1329.13, 1442.65
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and 1579.83 kN m™ at the soil depth of (0-10, 10-20 and 20-30) cm,
respectively. This may be due to reduce the organic matter with lower depths
resulting in higher bulk density and lower total porosity (table 4) as well as
reducing the soil mean weight diameter (table 3) resulting in increased soil
penetration resistance (Mujeci et al., 2017). Xin et al. (2016) found that the soil
penetration resistance increased amount 228.57% with increasing soil depth
from 0-5 to 15-20 cm. Who attributed that to increasing bulk density and
decreasing porosity due to reduce the organic matter with lower depth of soil.
This results also agree with those of Bandyopadhyay et a/l. (2010) who indicated
that the soil penetration resistance increase with increasing the soil depth.

The interaction between the fertilization treatment and soil depth had
significant effect (p < 0.05) on soil penetration resistance (tab. 5). The highest
value of soil penetration resistance recorded at soil depth of 20-30 c¢cm and
control treatment (T,), which was 1730.71 kN m~, while, the lowest value of
soil penetration resistance recorded at soil depth of (0-10 cm) and the combined

fertilization treatment (T,), which was 1179.91 kN m™.

Table (5): Effect of fertilization treatment and soil depth on
soil penetration resistance (kN m'z)

Treatment (T) Soil depth (cm)(D)

0-10 10-20 20-30 Mean
Ty 1416.87 1565.92 1730.71  1571.17
T; 1390.61 1539.44 1668.22  1532.76
T, 1179.91 1222.58  1340.56  1247.68
Mean 1329.13  1442.65 1579.83
LSD T (60.700) D (60.700) T x D (105.200)

Plant growth parameters:

Plant height (cm) and Leaves area (cm’ plant™): The results showed that
plant height and leave area of corn were significantly (p < 0.05) affected by
different fertilization treatment at maturity stage of plant (figs. 1 and 2). The

highest values of plant height and leave area were in the combined fertilization
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treatment (T,) which were 196.47 cm and 4462.41 cm” plant”, respectively and
significantly differs for the other treatments. However, the lowest values of plant
height and leave area were in the control treatment (Ty) which were 139.63 cm
and 2947.47 cm® plant’, respectively and significantly differs for the other
treatments. This results were consistent with some previous studied which
concluded that the plant height and leave area of corn had a high positive
correlation with the addition manure alone or with inorganic fertilizers (Adamu
and Leye, 2012 and Uwah et al., 2014). The positive effect of the combined
fertilization treatment (T,) on increasing the height and leave area of plant,
compared to other treatments (T, and T;) may be due to the role of organic
manure with chemical fertilizers in providing the essential nutrient elements
necessary for plant growth especially nitrogen which result in the improvement
of plant growth parameters (Amanolahi- Baharvand et al., 2014). In addition,
organic manure has a significant role in improving physical soil properties such
as moisture content, bulk density, porosity and aggregation stability
(Chakraborty et al., 2010), which in turn improve soil conditions and supported
better aeration to the plant roots and absorption of water and nutrients
(Manivannan et al., 2009). This in turn is reflected in increasing plant growth
parameters such as plant height and leave area. This is confirmed by the results
of the current study, which showed that the plant height (fig. 1) and leave area
(fig. 2) under the influence of the addition of organic manure with chemical
fertilizers were correlated and improved with improving in the aggregation
stability of soil (tab. 3), soil porosity (tab. 4) and soil penetration resistance (tab.
5), which confirms that the role of organic manure in improving the physical soil

properties resulting in an enhancement in plant growth.
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N, P and K concentration in corn leaves (g kg™): The results presented in
figures 3, 4 and 5 showed that the fertilization treatments and growth stages of
plant had significant effect (p < 0.05) on N, P and K concentrations in corn
leaves. The highest mean of N, P and K concentrations (regardless of growth
stage) were recorded with the combined fertilization treatment (T,), which were
31.96, 2.85 and 25.50 g kg™, respectively, compared with chemical fertilization
treatment (T,) (23.29, 2.05 and 17.56 g kg, respectively) and control treatment
(To) (18.76, 1.78 and 14.74 g kg™, respectively). This results were in agreement
with Balyan et al. (2006). The superiority of the combined fertilization treatment
in the increased concentrations of N, P and K in plant leaves may be due to the
role of organic waste in improving soil fertility by increasing available nutrient
concentrations in soil such as nitrogen, phosphorus and potassium (Islam and
Munda, 2012), which reflected in the improvement of plant growth and increase
its efficiency in the absorption of nutrients and then increase its concentration in
the leaves (Uwah and Eyo, 2014). Rosen and Eliason (2002) reported that the
addition of one ton of animal residue can provide the soil with 5, 2 and 5 pound
acre’ of N, P,0Os and K0, respectively. In addition, the positive effect of
organic waste on physical soil properties (tabs. 3, 4 and 5) may improve
ventilation conditions, root growth and increase microorganism activity during
the decomposition of organic waste, which is reflected in increase availability of
N, P and K elements and their absorption by plants, then increases their

concentration in the leaves (Agbede, 2010).

In the present study, the effect of the combined fertilization on improving soil

physical properties (tabs. 3, 4 and 5) and increasing plant growth indicators
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(figs. 1 and 2) associated with increasing the concentration of N, P and K in
plant leaves. This confirms that the role of combined fertilization in increasing
the concentration of nutrients in leaves due to improved fertility and physical

properties of soil as well as improved plant growth.

The effect of the growth stage of plant on N, P and K concentration in corn
leaves showed in figures (3, 4 and 5). Values of N, P and K concentration were
significantly affected (p < 0.05) by increasing the growth stage of plant. The
highest concentration of N, P and K recorded at seedling stage (regardless of
fertilizer treatment) were 30.17, 2.85 and 24.26 g kg™ respectively. While, the
lowest values of N, P and K concentration were recorded at maturity stage of
plant which were 19.49, 1.63 and 13.42 g kg™ respectively. This may be due to
the fact that increasing vegetative growth rate leads to a reduction in nutrients in
the leaves, in addition to increasing their movement from leaves to grains,
resulting in a decreasing the nutrients concentration in leaves with plant growth

progress (Al-Fadlly, 2011 and Mohammed, 2013).

The interaction between the fertilization treatments and growth stages of plant
had significant effect (p < 0.05) on N, P and K concentration in corn leaves
(figs. 3, 4 and 5). The highest values of N, P and K concentration were recorded
with combined fertilization treatment (T,) at seedling stage (38.01, 3.47 and
31.10 g kg, respectively), while the lowest values were recorded with control
treatment (T,) at maturity stage of plant (14.44, 1.18 and 9.43 g kg,

respectively).

40 - LSD = 1.942
H Seedling

H Tasselling

Maturity

Nitrogen concentration (g kg )

To Ta T,

Fertilization treatment

Fio. (3): Fffect of fertilization treatment on N concentration of



2018 4wl (2) 7 Aaall ¢ e 30 Cuigagll JB o3 draly Ay

i

Phosphorus concentration (g kg )

H
)

LSD =0.268

H Seedling

H Tasselling

= Maturity

To Ti T,

Fertilization treatment

=
o

. (4):

Effect of fertilization treatment on P concentration of

corn leaves during the growing season

Potassium concentration (g kg )

35
30

LSD =1.524
H Seedling

H Tasselling

= Maturity

To LE T2

Fertilization treatment

Fig. (5):

Number of ears and Biological yield (g plant'): The results showed that
fertilization treatments significantly affected (p < 0.05) on the number of ears

and biological yield of corn (figs. 6 and 7). The highest values of the ears

Effect of fertilization treatment on K concentration of

corn leaves during the growing season
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number and biological yield of corn were achieved in the treatment include
application of manure and NPK fertilizer (T,), they were 1.93 ear plant’ and
312.45 g plant”, respectively. While, the lowest values of the ears number and
biological yield of corn were recorded with control treatment (T,;) which were
1.13 ear plant” and 124.32 g plant”, respectively. This result is consistent with
some previous studied which the refers to a positive correlation between the
addition of manure alone or in combination with chemical fertilizer with yield of
corn (Adamu and Leye, 2012 and Zhang et al., 2016). Increasing the number of
ears and biological yield of plant with using combined fertilization compared to
chemical fertilizers alone or control may be due to the role of manure in
improving plant growth and increase the concentration of nutrients in the plant
(Uwah et al., 2014). This was confirmed by the obtained results, where it was
observed that the changes in the number of ears and biological yield under the
effect of combined fertilization were consequences with the changes in plant
growth parameters eg. height plant (fig. 1) and leave area (fig. 2) and
concentration of N, P and K in leaves (figs. 3, 4 and 5). This result was in
agreement with Dhadli et al. (2016) who found that the grain and straw yield for
maize increased by 28.76 and 41.42 respectively with the combined application
of manure and NPK fertilizers compared with NPK fertilizers alone, and by
162.67 and 139.79% compared with control.
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Conclusions:

In conclusion, our research determined that physical characteristics of soil
sown with corn, could be improved significantly by addition of cattle manure at
level of 40 ton ha' in combination with chemical fertilizers (N,P,K) as
compared with N,P,K alone. Cattle manure incorporated into soil increased the
organic matter content, made a more porosity and better aggregation of soil and
penetration resistance. These enhancements in soil physical properties in
addition to the role of manure to provide and/or protect the essential elements in
soil can play a role to improve the plant media resulting in an increasing plant

growth and nutrient uptake.
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