7 Fegypt. J Soil. Sci. 49,No. 1, pp. 113 - 129 (2009)

Effect of Chisel & Rotary Cultivator and Organic
Manure Application on Improving the Properties of
Calcareous Soil
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Cairo, Egypt.

FIELD expertment was carried out at Ras Sudr Experimental
.Station, South Sinai to study the effect of chisel ploughing rotary
cultivator and farmyard manure application on improving the propertics
of calcareous soil and the productivity of sorghum plants grown under
irrigation with highly saline water. The experiment was carried out in
a split plot design with six treatments of tillage methods which were
the main treatments (ne-tillage, rotary cultivator, chise! ploughing 10
¢m, chisel ploughing 20 cm, chisel {10cm) + rotary cultivator and
chisel (20cm) + rotary cultivator). The sub treatments were farmyard
manure (control, FYM, at rate of 10 ton/fed and FYM, at rate of 20
ton/fed.

The obtained results revealed that tillage systems or farmyard
manure treatments caused a significant decrease in soil bulk density,
pH, and EC. The rate of decrease differed with the used tillage system
and farmyard manure. The best treatment was chisel 20em + rotary
cultivator treatment and FYM, (20 tonffed)). The rate of decrement
depended upon titlage system and the application of farmyard manure.
On the other hand, organic matter content and the concentration of
macronutrients (N, K and P) were increased significantly with
increasing the application rate of farmyard manure. While data clearly
appeared that no-tillage treatment resulted in higher accumulation of
organic matter content than the plowed soil. The combined effect of

- tillage system and farmyard manure decreased the soil organic matter
content. The highest value of organic matter was recorded for the
combined treatment of no-tillage treatment with FYM, treatment.

Difference in tillage system or the application rate of farmyard
manure led to significant increase in the yield of sorghum and N, K
and P content in plants. Under the different studied tillage systems,
incorporating farmyard manure increased sorghum yield. The best
treatment which increase the vield was the application of 20 ton/fed.
(FYM,) under chisel 20cm + rotary cultivator treatments followed by
the treatment of 10 ton/fed (FYM,) with the same treaiments of
tillage.

Different of tillage systems emphasized the role of applied organic
manure on improving physical and chemical soil properties and
consequently, increase the concentration of (N, K and P) in the
calcareous soil.
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The sustainable agriculture and development in the arid and semi-arid areas lead
to use modern techniques which directly affected the different agricultural
activities, starting from soil tiflage under a completely system called "completely
soil protective tillage system”

Conservation tillage can tmprove soil properties and soil quality such as
improving organic matter conlent, soil aggregation and lack of generation
(Teodor, 2005), however, crop response to conservation tillage can be widely
variable. Griffith et gl (1992} showed an increase in organic matter with no-
tillage continuous corn after seven years in two soil types. The increase in
organic matter was largest near the surface while decreased with increasing the
depth. So, chooesing a tillage system depends on local seils, climate condition and
rotation. Untilled soils usually have higher bulk densities (less pore space) than
tilled ones. With continued use conservation titlage, changes occur in the soil,
which may improve root growth in the soil. As organic matter increases near the
surface, aggregation and air movement improves (Wood & Edwards, 1992).

Harmati (2003) illustrated that the changes in soil water regime and moisture
dynamics resulted by regular tillage to a depth of 18-20 cm showed a gradual
changes, and could be significant improvement with application of gypsum.

By changing the soil tillage system from a ploughing system to a ploughless
system with shallow cultivation or direct drilling, nearly all physical, chemical
and biological properties of the soil may be affected. El-Maghraby (2001) and
Ali et al. (2004) reported that tillage leads to improve soil chemical properties
such as EC, pH, and N, P and K concentration. Also, Rasmussen {1999) reported
that moisture content and organic matter of soil increased in top soil under no-
tiliage system (ploughless tillage). Carter {1996} showed that the both soil
organic matter content and quality in the tillage profile were influenced by the
type of primary tillage, due to differences in placement and incorporation of plant
residues between mould board and chisel ploughing .

Sustaining calcareous soil productivity depends on maintaining favorable
properties of biological, soil physical and nutritional status that enhance plant
growth. In this respect, the use of optimum tillage in combination with soil
conditioners as farmyard manure, town refuse, poudrefte, crop residue... etc
could be utilized for this purpose (El-Maghraby , 2001 and Ali et al., 2004) . On
the other hand, application of soil conditioners into the production system may be
one of the best ways to ensure sustained soil productivity in the semi-arid regions
(Unger, 1984 and El-Maghraby, 2001).
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Alvarez et al (1995) indicated that organic ‘matter is a major which is
influenced by tillage. In the no-tillage and chisel-tillage systems, crop deribs
accumulated within the-top 5 ¢m of soil, especially in the no-tillage system.
Consequently, organic carbon was 42-30% higher in the no-tillage soil than in
the soil from the plow and chisel tillage systems. Lopez & Pardo (2001) showed
that the values of the total soil organic carbon storage after eleven years stored in
the no-tillage was 1.1 Mg ha™' greater than that in the conventional tillage plots.

Long-term no-tillage or reduced tillage systems have shown to increase soil
organic matter content of the soil surface layer as a result of various interacting
factors, such as increase residue return, less mixing and soil disturbance, higher
soil moisture content, reduced surface soil temperature, proliferation of root
growth and biological activity, and decreased risks of soil erosion (Pankhurst
eftal 2002 and Blevins & Frie , 1993).

Therefore, the aim of the present investigation is to study the role of tillage
systems (no-tillage, chisel tillage and rotary cultivator) either individually or
combination and the addition of organic manure on improving the properties of
calcareous soil and the productivity of sorghum plants grown under irrigation
with highly saline water.

Material and Methods

A field experiment was carried out at Ras Sudr Experimental Station, South
Sinai, to study the effect of chisel plowing and rotary cultivator on the efficiency
of farmyard manure application in improvement the both calcarecus soil
properties and the yield of sorghum plant irrigated with highly saline water
(4000) ppm. The experimental soil is highly calcareous (53.8 % CaCQ;), highly
saline (EC of 12.6 dSm ') and sandy loam in texture. The dominant cations and
anions were sodium and chloride, respectively. The experiment was carried out in
a split plot design with four replicates and six treatments of tillage method which
were the main treatments. The tillage treatments are described as foilow:

I)-no-tiflage, 2)- rotary cultivator (rot, cult.): reducing soil tillage to depth of
5-10cm . 3)- Chisel plowing 10 ¢m (chisel)): soil tillage to maximum depth of 10
cm, 4)- chisel ptowing 20 cm (chisely): soil tillage to maximum depth of 20 cm.
5)- chisel {(10cm) + rotary cultivator (denoted as chisel, + rot. cult), 6)- chisel
(20cm} + rotary cultivator (denoted as chisel; + rot. cuit). Rotary cultivator
worked on breaking down the upper fayer of soil to depth of 5-10 cm. The sub
treatments were farmyard manure as follow: control, without applied farmyard
manure, farmyard manure at the rate of 10 ton/fed (FYM)) and farmyard manure
at the rate of 20 ton/fed (FYM,). The organic manure mixed with the upper layer
of soil in every plot during tillage practices, the area of each plot was 3x3.5m
{1/400 fed). Table 1 represents the analysis of farmyard manure.
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TABLE 1. Some chemical properties of the used farmyard manure.

Totai

‘Fotal § Total

C N N )
C/N ratio P K| Fel NMn In Cd Pb

Moisture | OM

% Y ppm

45.00 1546 | 897 | 0.59 15.2:1 0.18 638 86 0.8 8

Sorghum (Sorghum bicolor L. Monech) was planted at June, 2006. All plots
were fertilized with super phosphate (15.5 % P,O;) at the rate of 200 kg. during
soil preparating, ammonium nitrate (33.5% N} at the rate of 150 kg./fed in three
equal does (the first was at sowing, the second was at thinning while the third
was applied two weeks after tinning) and potassium sulphate {(48% K,0) at the
rate of 48 kg/fed was applied after thinning.

Sorghum plants were harvested at the end of August. All plants were
harvested from each plot to determine the fresh and dry matter yield and
statistically anatyzed (Snedecor & Cochran, 1967). Plant samples were ground
and wet ashed to determine N, P, K, Fe, Mn, and Zn contents (Chapman & Pratt,
1961 and Cottnie, 1980). After harvesting, soil samples from experimental plots
(20cm) were collected for the determination of EC, pH, total nitrogen,
exchangeable K, available P using the methods described by Page ef al. (1982).
Bulk density (BD) was determined using the core method as described by Black
(1983).

Results and Discussion

Effect on treatments on soil properties

Soil bulk density

Soil bulk density is probably the most frequently measured soil quality
parameter in tillage experiments (Canneli & Hawes, 1994), Fig. la and 1b show
the influence of tillage systems and soil organic manure treatments on soil bulk
density. It is clear that all tillage systems decreased significantly the soil bulk
density. The rate of decrease is differed from tillage system to another. The
lowest vatues were associated with chisely + rot.cult treatment followed by chisel, +

rot.cult treatment. The rate of decrement blew no-tillage reaches 9.46 and 6.41 % in -

the same treatments after harvesting, respectively. These results were .in
agreement with those reported by Rasmussen {1999) and Van Muysen & Govers
(2002). Regarding the effect of farmyard manure, similar trend was obtained,
where the values of bulk density decreased significantly with increasing
application of farmyard manure. The rates of decrease are depended on the rate
of the applied farmyard manure, where they amount to 17.20 and 12.69% in
FYM, treatment over the control and FYM, treatnents, respectively. Similar
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results were obtained by Abou Yuossef ¢t al. (2007) and Antwerpen ef al, (2000),
who reported that soil bulk density was reduced by increasing soil organic
manure.
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Fig.Ta, Effect of tillage systems on bulk density of soil .
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Fig.1b. Effect of farmyard manure on bulk density of soil .

The interaction effect of tillage systems and farmyard manure treatments on
soil bulk density is shown in Table 2. The application of farmyard manure
supports to tilled calcareous soil led to significant decrease in soil bulk density.
Where the combined treatment of (chisel; + rot.cult. with FYM;) was the
effective treatment for decreasing soil bulk density. The rate of decrement below
the no-tillage + contro! reaches 19.58 % for chisel, + rot.cult. under FYM; .
treatment. Generally, tillage system emphasized the role of organic manure on
decreasing soil bulk density.
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TABLE 2. Effect of the interaction of tillage systems and farmyard -manure
‘treatments on some pliysical and chemical soil properties.

. Chisel; + Chisel, +
No Rotar . . ! 7
Treatments | tillage { cult.y Chisel, | Chisel, R;ﬁlt':y Rflfftt"y
Buik density (g/cm”)
Conrrol 1.43 1.37 1.42 . 1.41 1.34 130
FYM, 1.31 1.19 1.27 2 1.24 1.31. - 1.29
FYM, 1.21 1.18 1.25 1.20 - 1.15 1.28
EC (dS/m).
Control 17.80 14.15 13.95 C13.69° 13437 | 1359
FYM, 11.88 13.05 12.81 1240 1 1204 7 1214
FYM, 11.2) 1188 | §240 1 1209 | 111y | 1045
pH
Conirol 777 1T 763 762 7.38 7.62
FYM, 7.65 7.57 7.39 7.57 7.57 7.33
FYM, 7.54 7.58 7.58 7.55 7.52 7.42
OM conient (%)

Controi 0.61 (.90 0.91 0.83 0.66 i 066
FYM, 1.70 1.50 1.46 1.42 1,33 1 1.08
FYM, 1.99 1.84 1.84 1.71 171 7 123

! ] Statistical analysis ]
Factor LSD at 5% level

{_ Bulk EC pH | OM
FYM | 0.02 0.89 0.001 0.03 |
Tillage ] 0.03 172 0.002 0.03

L PYMX 006 | 219 | 0007 | 0.06

llage

Soil EC and pH

Data in Fig. 2a&b and 3a&b clearly appear that the values soil EC and pH
were remarkably affected by tillage systems and / or application of farmyard
manure. With respect to the effect of tillage systems, data clearly appear that soil
pH and EC values decreased significantly with all the used tillage systems. The
rate of decrease differs from tillage system to. another. The effective treatment is
chisel, + rot.cult. treatment. This may be rendered to the favorable effeci of
tillage on some soil physical and chemical properties' (El-Maghraby, 2001).
Concerning farmyard manure, data show that the EC values decreased
significantly below the control in the soil samples taken after harvesting by 14.07
and 20.17 % for FYM, and FYM; treatments respectively. The reduction in EC
values resuiting from FYM may be due to improve the physical properties of
calcareous soil as structure permeability and infiltration rate. Consequently, more
salts can be leached out from the upper depth of the soil and moves downward
with the movement of water (El - Maghraby, 2001).
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Fig. 2a. Effect of tillage systems on electrical conductivity of soil .
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Fig. 2b. Effect of farmyard manure on electrical conductivity of soil .

From the aforementioned results, it could be deduced that the interaction
cffects between tillage systems and farmyard manure application as shown in
Table 2 enlarge the decrease in soil pH and EC values. The tillage systems
emphasize on decomposition of organic manure and formation organic and
inorganic acids which work to reduce soil pH and EC values. Soit pH and EC
values decreased with applying organic manure at any treatment of tillage
system. Generally, the effective combined treatment to improve pH and EC of
soil is FYM; with chisel, + rotary cuit. followed by FYM; with chisel, + rotary
cult. treatment. Such results stand in harmony with those reported by Ali et al.
(2004) and El-Maghraby (2001).

Egypt. J. Soil, Sci. 49, No. 1(2009)
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Fig. 3a. Effect of titlage systems on soil pH.
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Fig. 3b. Effect of farmyard manure on soil pH .

Soil organic matter content

Regarding the effect of tillage system treatments, data in Fig. 4a clearly
appeared that no-tillage, rot. cult. and chisel treatments resulted in an
accumulation of organic matter in the soil. Under no-till, higher content of O.M
is found compared with plowed soil. The organic matter contents were 1.39,
2.09, 7.91, 13.95and 30.47 % in no-tillage treatment than in the other treatments
rot. cult., chisel), chisel;, chisel, + rot. cult. and chisel, + rot. cult., respectively,
where organic matter content decreased significantly under different soil tillage
systems. Similar results were achieved by Alvarez et al. (1995) and Carter (1996)
who reported that reduced tillage can enhance the organic matter content soil
surface (0-15cm) in comparison to conventional tillage.
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On the other hand, data in Fig. 4b indicated that the application of farmyard
manure increase of the soil content of organic matter. in the soil. The highest
value of O.M, content is associated with the FYM; treatment where the
percentages of increase reached 126.26 and 85.78 % over the control and FYM;
treatments, respectively, The positive effect of increasing application of FYM on
soil organic matter content may be due to the higher initial content of orgatiic
matter in the applied manure (Table 1). '
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Fig. 4a. Effect of tillage systems on soil organic matter content.
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Fig. 4b. Effect of farmyard manure on soil organic matter content.

From the above mentioned resuits, it could be deduced that the combined
effect of tillage systems and soil manuring decreased soil organic matter content.
The highest value of organic matter is recorded with the combined treatment of
no-tillage and the higher rate of farmyard manure (20 ton/fed). While the lowest
value is observed in the combined treatments of chisel, + rot. cult, with FYM,
(10 ton/fed). This may be referred to the favorable effect of fillage on enhancing
some soil physical and chemical properties which increase the decomposition of
organic manure (El-Maghraby, 2001).
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Soil macronutrients (N.K and P) '
Data in Fig. 5 and Table 3 indicated that total N as well as the exchangeable -
of K and availability of P are affected favmably by the tilled systems and
application of farmyard manure. Treatment ‘of chisel; -+ rot. cult. recorded the
effective tréatment followed by chisel; + rot. cult. The magnitudes over no-tillage
are 34:52, 8437 and 43.58 % due to chisel, + rot cult. for N, K, and P,

respectively. Similar results were achieved by El-Maghraby (2001} and Ali et al.
(2004).
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Fig. 5. Effect of tillage systems and farmyard manure treatments on
total N, exchangeable K and available P in soil.

The addition of FYM, and FYM; increased significantly soil nutrients
availability, however, the rate of increase is differed from one element to another.
The highest values of such nutrients are found, in most cases, in FYM; treatment.
The increase over the control due to FYM?2 reached 31.36, 95.56 and 95.07 % for
N, K and P, respectively. This may be referred to the higher initial content of
such nutrients in the used farmyard manure (Table 1), besides it’s effect on
lowering soil pH values through the biodegradation of such materials by
microorganisms {Dahdoh and El Hassanin, 1594).
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From the aforementioned results, it could be concluded that the interaction
effects between tillage system and added organic manure as shown in Table 3
enlarge the increase in total nitrogen, exchangeable of K and availability of P in
the soil. This increase is significant for ail elements. The best combined treatment
to improve N, P and K status is chisel, + rot, cult, with"FYM; treatment followed
by chisel, + rot. cult. with FYM, treatment. This means that different tillage
systeins emphasize the role of applied soil conditioners on improving physical
and chemical soil properties and consequently increase tota] N, availability of K
and P values in the soil.

TABLE 3. Effect of the interaction of tillage systems and farmyard manure
treatments on total N, exchangeable K and avaifable P in soil.

, . isel; + isel, +
Treatments No tillage Rcﬂlf;:y Chisel, Chisel, th:]:;tu!t. Rgtl::;l;:u[t.
N (ppim)

Controi 188.07 | 18807 19530 227.33 209.77 230.43
FYM, 202.53 23767 237.00 240.00 253.00 268.67
FYM, 217.00 25833 253.17 274.87 305.87 318.27

K {ppim)

Control 6.33 787 927 1028 9.99 10.23
FYM, 10.73 1176 | 13.90 18.60 18.90 2098
FYM, 12.92 1364 15.09 19.36 20.31 24.44

I ippm)
Controi 11.18 12.80 13.32 1653 16.98 17.24
_ﬁFYM | 2221 22.69 23.25 2430 2848 . 3083
FYM, 2430 24.56 2625 29.79 32.14 3475
Statistical analysis
Factor LSD at 5% fevel
N K P
FYM 3.69 0.33 0.78
Tillage 396 0.81 0.77
] gﬁfg Yl oees |18 | aw

Effect of treatments on sorghum yield and its nutrients content

Different its tillage systems or application rates of farmyard manure leads to
significant increase in the yield of sorghum (Fig. 6a and b) . this may be due to
the beneficial effects of such treatments on the physicochemical properties of soil
which favorably affect plant growth, soil structure, available water and soil
salinity.
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Fig. 6a. Effect of farm yard manure on sorghum yield.

Under different tillage systems, incorporating farmyard manure increases
sorghum yield. Data in Table 4 showed that the application of farmyard manure
is more effective under the different tillage methods. The best treatment to
increase the yield is the application of 20 ton/fed. (FYM;) under chisel + rotary
cult. followed by the treatment of 10 ton/fed { FYM,) with the same treatment of
tillage.

TABLE 4. Effect of the interaction of tillage systems and farmyard manure
treatments on the yield of sorghum.

.NU Rotary Chisel, Chisel, C]{‘(;igll:: Ci{]cl\st:k;
Treatments tlllage cult. cult.. cult.
Yield (Ton/fed.)
Control 1.44 1.51 1.38 1.73 1.63 2.3
FYM, 1.88 2.06 1.57 2.08 2.10 2.77
FYM, 2.16 2.17 2.67 2.39 2.50 3.02
Factor Statistical analysis
LSD at 5% level
FYM 0.05
Tiliage 0.08
Tilhge 0.12
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Regarding ‘the effect of the experimental treatments on the N, K and P
contents in sorghum plant, data in Fig. 7 indicated that tillage treatments increase
the N, K and ‘P contents in sorghum plant with different magnitudes. Where
chisel, + rofary cult. treatment recorded the higher magnitude than the other
tillage treatments. Also, N, K, and P contents are affected particularly by the rate
of the applied organic manure. Increasing the application rate of farmyard
manure increases significantly N, K and P contents in the same figure. The rate
of increase differed from one element to another, however the highest values of
elements were found in the tréatment of kigher application of manure, where the
highest rates of increment over the control reached by 18.71, 37.75 and 27.21 %
for N, K and P contents under FY M3, respectively.
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Fig.7. Effect of tillage systems and farmyard mianure treatments on
the concentration of macronutrients (N, K and P} of serghum
plants.

On the other hand, the application of farmyard manure led to increase in
content of N, K and P in sorghum plant under all tillage treatments (Table 5). The
positive effect of the studied treatments on increasing the nutrients is a true
reflection- as previously mentioned- by improving some physical and chemical
properties of the calcareous soil under investigation (Table 3) .
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TABLE 5. Effect of the interaction of tillage systems and farmyard manure
: treatments on micronutrients (N, K and P) of serghum plants.

Chisel; + .
Treatments No tillage Ri:c'ut:itl..y Chisel, | Chisel, Ré:?try Ri():tl::;lzl:t.

N (%)

Control 1.53 1.68 1.59 1.63 1.67 1.66

FYM, 1.63 1.78 1.94 1.90 1.91 1.87

FYM, 179 | 188 2.00 1.98 1.94 2M
K (%)

Controt 1.39 1.96 1.45 1.75 2,02 220

FYM, 2.27 229 2.37 2.39 2,56 2.57

FYM, 222 2.38 2.41 242 2.69 2.72
P (ppm)

Control 0.86 0.91 0.99 1.01 1.06 1.08

FYM, 1.23 1.08 116 1.21 1.22 1.34

FYM, 1.27 T L3 1 121 .31 1.23 1.35

Statistical analysis
Factor LSD at 5% level
N K P

FYM 0.02 0.04 0.02

Tillage 0.04 0.035 6.02

F[‘T;l[\:gz 0.04 0.11 0.04

Conclusions

The influence of soil tillage systems on improving soil properties such as bulk
density, electrical conductivity and soil pH appear to be significant. Different
tillage systems emphasized the role of applied organic manure on improving
physical and chemical soil properties and consequently increase nutrients (N,K
and P) in the calcareous soil. Using the chisel plow followed by the rotary
cultivator led to more efficient calcareous soil manipulation and increases the
sorghum yield as compared with the no-tillage.
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