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ABSTRACT

Two field experiments during 2005 and 2006 seasons were conducted at
Malawi Agricultural Research Station, Eiminya Governorate. The aim of this
investigation was to study the effect of soil tillage systems and crop rotation on maize
(ev. T.W.C 310) yield and its components, Tillage systems were: no tillage (T+), Chisel
plowing (T2) and mould board plowing (Ta). Crop rotations were: 2-year rotation; first
year: Meskawi berseem (three cuts) followed by cotton, second year: faba bean
followed by maize and 3- year rotation; first year, Meskawi berseem (three cuts)
followed by cotion, second year; wheat foliowed by soybean and third year; Faba
besn, followed by maize. The experimental design was a split plot with four replicates.
Data indicate that bulk density and soil porosity were improved when using tillage,
compared with no tillage. Three-year rotation surpassed two-year rotation in reduced
bulk density and increased soil porosity percentage. Tillage systems significantly
affected growth, yield and vieid components of maize under study, except number of
rows/ ear, Grains yield/ fad increased {over that in no- till treatment) by 9.82 and
12.21% in the 1 ¥ season and 8.96 and 13.64, % in the 2 ™ season when using tillage
systems of chisel plow and mould board plow, respectively. crop rotation had
significant effect on plant height, ear height, ear length, number of grains/ row, ear
and grain weight/ plant, weight of 100- grain and grain weight/ fad. Grains yield/ fad in
3- year rotation increased by 8.9 and 8.4 % in the first and second seasons,
respectively, compared to 2- year rotation. Interaction effects between tillage systems
X crop rotation, show that the maximum value was recorded when maize was grown
in 3- year rotation, using tillage system with mould board plow. This study cieared that
using tillage system of mould board plow before maize growing in 3- year rotation gav
the maximum yield of maize.
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INTRODUCTION

Soil tilage and crop rotation, plays an important and affecting role in
soil productivity and increasing crop production. Maize is one of the most
widely grown crop and is often responding to rotation and soil tilage effects
which considered important factors influencing on maize yield.

With view to many investigators on soil tillage systems such as Selim
and El- Sergany, {1995) and Mohamed (1999),) showed that tillage systems
had no apparent influence on yield of maize, while Gomaa and El Douby
(2002) indicated that 100 —kemne! weight, ear weight and grain yield/ fad were
affected by different systems of soil tillage. As well as, bulk density values of
soll under no tillage tended to be higher than under concluded that grain yieid
of maize was increased with mould board plowing, compared to chisel
plowing. On the other hand, Opoku ef al. (1997) and Fadl Allah (1999
conventional tillage. On the other hand, porosity % values wete the lowest
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with no-tillage system followed by chisel plow, then mould board plow, while,
combined of chisei + mould board plow recorded the highest values at the
three different depth of soil (0-10,10-20° and 20-30 cm depth). Santos and
Lhamby (2002) concluded that the yields of maize grown under no and
minimum  titage were lower than the vyield of maize obtained after
conventional tillage using harrow or mould board plough. Silveira and Stone
{2003) showed that maize grain yleld significantly affected by mould board
plowing, compared to no- tillage and disc harrow systems. Palle and Joseph
(2003) stated that maize grain vield decreased by 5 % when the no- tillage
system was used, compared with the conventional tillage system.

Numerous studies have been conducted to determine the effect of crop
rotation on corn vield. Shafshak et al. (1982) found that growth traits, yield
components and grain yield of maize were not significantly affected by
rotation. While, Aly et al. (1993) showed that crop rotation had significant
effects on ear diameter, ear weight, weight of grains/ ear and grain yield/
plant. However, insignificant effects were observed on plant height, number
of rows/ ear, number of grains/ row, 100- grain weight and grain yield/ fad.
Abou-Kreisha ef al. (1998) revealed that crop rotation has pronounced effect
on number of kemels/ rows, weight of kermels/ ear, 100- kernels weight and
grain yield/ fad. Maize yields grown in 3- year rotation was 9.2 % higher than
that in 2- year rotation. Palle and Joseph (2003) stated that com rotated
annually with soybean was lower in grain yield by 15 %, compared with that
growing maize after maize for 5- year.

This research was aimed to study the effect of tillage systems and crop
rotations on maize yield and its companents.

MATERIALS AND METHODS

Two field experiments during 2005 and 2006 seasons were conducted
at Malawi Agricuitural Research Station, Elminya Governorate to investigate;
1) the effect of tillage systems on soil properties; bulk density and soil
porosity and hence, on maize (T.W. C. 310) yield and yield components. 2)
the effect of crop rotation on maize (T.W. C. 310) yield and its components,
The experimental design was a split plot with four replicates. The main plots
was devoted to the tillage systems, while sub plots were devoted to crop
rotations. Each sub plot consisted of 5 ridges, 70 cm apart and 3 m long
occupying an area of 10.5 m? (i.e. 1/400 fad).

Each experiment included 6 treatments as follows:

A: Tillage systems

T, = No tillage

T, = Chise! piow

T3 = Mould board plow

B: Crop rotation

1- Two-year rotation; first year: Meskawi berseem (var Helaly) followed
cotton (v. Giza 80), second year: faba bean (var, Giza 843), followed by
maize ( var, TW.C, 310).
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2-Three-year rotation; first year: Meskawi berseem followed by cotton,
second year: wheat {var. Sids 1), followed by soybean (var Clark}, third

year: Faba bean followed by Maize (var. TWC. 310).

Calcium superphosphate {15.5 % P,0s) was applied during soil
preparation at rate of 150 kg/ fed. Potassium sulphate (48 % K;O) at the rate
of 50 kg/ fed was applied during soil preparation. Nitrogen fertilizer rate was
added to maize in three equal doses at the rate of 110 kg N/ fad, in the form
of urea (46 % N). The first dose was applied with planting maize. The second
and the third were just before the first and the second irrigations. All the
cultural practices of growing maize and other crops in the rotation were
applied as recommended at the region.
 Soil analysis:

Samples of soil were taken from the soil depth of 0-30 cm from all sites
of experiments. This was done before soil preparation to sowing maize In
both seasons, as its clearing in the folloing table.

* Mechanical and chemical analysis of the soil at experimental site

(averages two seasons).

(periment Site 2- year rotation B- year rotation
Physical analysis
(Sail fractions:
Sand% 14.60 16.40
Silt% 49.10 48.60
Clay% 36.30 35.00
{Texture class Clayey loam Clayey loam
Chemical analysis
Organic matter¥% 1.70 1.56
Availahle N ppm 24.40 23.85
Available P ppm 10.50 11.30
Available K ppm 7 309
H 7.1 7.3
E.C. 3.8 3.9

*Classification of soil salinity according to United States " Salinity Laboratory
staff (1954)":

1- EC = less than 1280 ppm (salinity free).

2- EC = 1280 - 2240 ppm (low salinity).

3- EC = 2240 - 4160 ppm (medium salinity).

4- EC = higher than 4160 ppm (high salinity).
Trait studies:
A: Soil properties were conducted according to the methods of ASTM
(1980).

Soil samples were collected at 0- 10 , 10- 20 and 20-30 cm soil
depth from all sites of experiments before planting, after planting (after
planting maize and irrigation) and at harvest for soil properties measurements
as follow:
1-Bulk density: It was calculated by dividing the soil weight in grams by soil

voiume in cubic centimeter.
2-Soil porosity: Soil porosity space percentage was estimated by the
following formula;
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P, - Py

Soil porosity = X100

Ps
Where P, = Real density (gm/ cm’).
P, = Bulk density (gm/ cma).

Bulk density and soil porosity traits were determined in the samples
were taken from 2-year and 3-year rotations sites before tillage systems
performance (before planting). Values obtained will considered as control for
comparing with those obtained after planting and at harvest values.

B: Maize traits

Ten plants were selected at random from each sub plot to estimate
plant height {cm), ear height {cm), ear length (cm), number of rows/ ear,
number of grains/ row, ear and grain weight/ plant (gm), weight of 100 grains
{gm), weight of yield/ fad (ardab). Grain yield/ fad was determined from the
weight of grains adjusted to 14 % moisture of the three central rows of each
sub plot and converted to ardab {140 kg) per faddan.Data were statistically
analyzed according to (Gomez and Gomez 1984).

RESULTS AND DISCUSSION

Effect of tillage systems on soil properties:
1. Bulk density
The results in Tabie (1)} Shows that tillage treatments significantly

affected soil bulk density after planting and at harvest, compared with before
planting values in average of both seasons. The lowest bulk density was
recorded by using mould board plowing (T3} this due to interment and
decomposition for all residuals from weeds and previous crop and caused
free clods of soil to particles, then chisel plowing (T,;) this due io the
differences reaction between the system of moldboard and chisel plows in
puiverizing soil particles and killing weeds produced the proper seedbed and
conseqguently high yield is expected, whereas no tillage {T;) recorded the .
highest value, this due to a compress of soil particles. Bulk density of 3- year
rotation was lower than 2- year rotation. The present results were agreement
with those obtained by Gomaa and El Douby (2002) who revealed that bulk
density values of seil under no tillage tended to be higher than under
conventional tillage.
2. Soil porosity

The results indicated that the porosity percentage had been significantly
affected by tillage systems, compared with before planting values. The lowest
values were associated with no-tillage systems (T,) followed by chisel plow
(T2), while mould board plow (T3) recorded the highest vaiues in average of
the first and second seasons. Also, 3-year rotation recorded higher values
than 2-year rotation, Table (1). These results indicated that, tiliage systems
can influence soil physical condition since they reduce its compactness and
alsc improved mechanical disturbance of soil compared with no tillage as the
results are in agreement with Gomaa and El-Douby (2002).
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Table 1: Effect of tlilage systems on physical properties of soil {(average
of 2005 and 2006 seasons).

2- yoar rotation 3- year rotation
Treatment Before | After At Before Aftor At
planting | planting | harvest | planting | planting | harvest
Bulk density
T1 (No tillage) 1.161 1.180 1.187 1.157 1.175 1.180

2 (Chisel plow) 1.123 1.157 1.166 1.120 1.152 1.160
3 (Mouid board) | 1.115 1.157 1.152 1.113 1.150 1.148

.8.D at 0.05 0.028 | 0.019 0.018 0.025 0.017 0.014
Porosity %
1 (No tillage) 47.81 48.22 47.22 48.20 438.60 47.60

T2 {Chisel plow) 49.82 50.10 48.78 50.10 50.70 49.10
T3 (Mould board) | 50.87 50.90 49.33 50.95 51.20 49.75
L.S.Dat 0.05 1.22 1.32 1.12 1.21 1.33 1.140

A- Effect of tillage systems on maize yield and yield components.

As shown in Table (2), results indicated that tillage systems
significantly affected the studied traits of maize, except number of rows/ ear
in both seasons. Tillage system of mould board (Ts) recorded the highest
value, followed by chisel plow (T:), whereas no till plow gave the lowest value
(T,). Data showed that grains yield/ fad increased over no- till treatment by
12.21 and 9.82 % in the first season and 13.64 and 8.96 % in the second
season, compared with Ty and T, respectively, the superiority in grain
yieldffad by using mold board plow could be attributed to improving soil
physical condition where allow greater rooting depth and better plant growth
environmental, that has a positive effect on grain yield. Similar results were
obtained by Selim and El- Sergany (1995) and Mohamed (1999), who found
that grain yield of maize was increased with tillage system, compared with no
tili. On the other hand, Opoku et af. (1997) and Fadl-Allah (1999) found that
tillage systems had no apparent influence on vield of maize.

B. Effect of crop rotation on yield and yield components of maize.
Results in Table (2) indicated that plant height and ear height were
significantly affected by crop rotation. Three- year rotation gave higher values
than those in 2- year rotation. These results are in accordance with those
obtained by Aly et al. {1993), but in a contrast with those obtained by
Shafshak st al. (1982). )

Yield components and grain yield of maize are shown in Table (2).
Results revealed that crop rotation had nosignificant effect on number of
rows/ ear in both season. On the other hand, ear length, number of grains/
row, ear and grain weight/ piant, and weight of 100- grain were significantly
affected by crop rotation in the 1 * and 2 ™ seasons. The values of these
traits in 3- year rotation were significantly higher than those in the 2- year
rotation. These results were due to that rotation improved crop yields by
increasing of organic materials, availability of soil moisture to plant and good
airing of the soil more than that grown continuously.
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Further, Varvel and Peterson (1990) demonstrated that rotation can
reduce the needs of inorganic nitrogen fertilizer and the amount of available
for leaching at the same time which are important for increasing crop vields.
Grain yleld/ fad was significantly affected by crop rotation in both seasons.
Data were higher in 3- year rotation than with 2- year rotation. The increase in
grain yield amounted to 1.95 and 2.05 ardab/ fad with 3- year rotation,
compared to 2- year rotation in first and second seasons, respectively. These
results are in agreement with those obtained by Abou Kreisha et al. (1998),
Santos and Lhamby {2002) and Silveira and Stone (2003).

Table 2: Effect of tillage systems and crop rotation on maize yield and

yield Components during 2605 and 2006 seasons.

Traitg Plant Ear [GrainsWeigh{Grains
height|, Bar | Ear | Noof|Noof L o yield!g 100-] yieid/
heightilength| rows/ grains/ .

Treatments {cm) {cm) | {cm) | ear | rows ! plant) plant | grain | fad

(gm) | (gm) | (gm) Kardab)

2005 season

Tillage system _

Wi (Nofil) _ 1248.71[135.30] 24.05 [ 12.41 [ 30.63 [201.54]162.93] 36.93 | 20.49
Ez (Chisel plow)[255.20]138.73] 25.15 | 12.70 | 32.22 |217.65|176.04] 40.04 | 22.72
3%"0“‘:3 boardizqg 671143.64] 26.31 | 13.19 | 34.28 [223.14/180.95/ 41.89 | 23.34
 5Dat005 | 120 | 1.22 | 1.66 | NS | 138 | 0.66 | 280 | 112 | 0.89
Crop rotation
D-year rotation [244.77 |123.42] 24.00 | 12.53 | 31.28 |205.00]166.69] 38.17 | 21.21
A year rotation 1265.01]155.03] 26.25 | 13.01 | 33.48 |222.33]180.03| 42.41 | 23.16
F. T%t * * L4 N.S * 1] - E ] *
2006 season

Tillage system
T4 (No till) 255.6561150.39| 22.92 { 12.20 { 30.13 [186.93}150.32| 37.34 ] 20.23
T2 (Chisel plow)}i261.451155.30] 24.25 { 12.30 | 31.68 |205.17}165.33] 39.54 1 22.33

Ta (“gfﬁ‘f)_b"a’dzssm 159.53] 26.26 | 12.44 | 33.18 |215.06{173.39] 40,79 | 23.54
[SDat005 | 1.95 | 345 | 140 | NS | 1.15| 145 | 243 | 1.5 | 147
ICrop rotation
b -year rotation [254.04]135.86] 23,10 | 12.95 | 30.59 [192.14]154.44] 36.10 | 21.04
year rolation [267.96|174.29] 25.19 ] 12.38 | 32.75 |212.641171.59] 40.36 | 23.09
'T%t * E 4 E 4 N.S - L d * * : ]

C. Interaction effects of crop rotation X tillage system:

Ear length showed insignificant difference between T, and T,
treatments in 2-year rotation the first season, but it was significant in the
second season. As well as, data cleared that significant and insignificant
when maize was grown in 3- year rotation for T, and T, in the first and
second seasons, respectively.

Number of rows/ ear was not reached to the 5 % significant level in
both seasons. Number of grains/ row indicated that insignificant differences
were observed hetween T, and T; treatments for 2 and 3- year rotations in
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both season, while there is no significant between 2 and 3- year rotation with
no-till treatment in both seasons.

Conceming ear weight plant, significant differences between all
treatments were observed in the second season. Grain yield/ plant showed
significant difference was observed between all treatments through 2- and 3-
year rotations, Weight of 100- grain indicated that significant difference was
observed through 3- year rotation and between T,, T in both seasons.

Regarding grains yield/ fad, the results indicated that significant
difference between T, and T; and between T, and T; when maize was grown
in 2 or 3- year rotation in both seasons. Resuits of 3-year rotation and using
treatment T gave the highest value. The increments were expected since
most of maize traits were increased such ear weight/ plant, grain yield/ plant
and weight of 100- grain. These results are in agreement with those obtained
by Gomaa and El Douby (2002) they revealed that maize grown in 3- year
rotation resulted higher yield, than with maize grown in 2- year rotation (Table
3).

It could be concluded that improve the sail physical condition and the
mechanical disturbance soil. Using 3- year rotation with mould board tillage
(T3) gave the maximum yield of maize.

Table 3: Interaction effects of tillage systems X crop rotation on maize
yield and yield components.

Traits Plant Ear Ear | No. No of Ear Grains]Weight Grains
heigh heightllength of grai weight/] yield/ |of 100-| yield/

(cm) (cm) (cm) |rows ! Row plant | plant | grain | fad
{cm) {gm} | (gm) | {gm) Kardab
2005 season
T P-year [239.68[120.31] 23.05 [12.00[29.91[ 192,16 [155.27] 37.02 | 15.20
_3-year 259.74(150.29] 25.05 {12.82{31.35[210.92 170,59 40.85| 21.79
2 -year 1245.37]121.84{24.23 [12.50{31.10[210.37 |170.00{ 37.62 | 21.94
B-year 265211155621 26.07 112.91133.351224.94 1182.09; 42.47 | 23.50
3 P-year |249.27(128.11]25.00 |13.09) 32,82 215.16 |174.50] 39.87 | 22.50
B-year 1270.071159.17(27.62 113.29|35.751231.12 1187.41) 43.92 ] 2418

S.Dat0.05 .12 .60 [H.06 NS P15 585 H.18 1.08 .27
2006 season
T 2-year 1248.91[131.12|21.88 [12.13|25.10[175.10 |140.65] 37.15 ] 19.14
3- year [262.401169.67|23.97 112.27131.17{ 198.76 1160.00] 37.53 | 21.52
T2 P-year [254.53{136.00] 23.10 |12.23( 30.46 [ 193.10 [155.56 37.85 | 21.17
B- year [268.45(174.60{ 25.40 [12.37132.91(217.24{175.10{ 41.24 | 23.49
3 2- year |258.67]140.47] 24.33 [12.38]32.20|208.21 [167.12| 39.29 | 22.82
3-year [273.02{178.60({ 26.20 {12.50] 34.171221.91 179.67] 42.30 | 24.27
.S.D at 0.05 518 1340 [ 112 [NS[ 21 | 1.70 | 2.12 | 2.09 | Q.36

Tiitage | Crop
systemjtrotatlon
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