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ABSTRACT

Three field experiments were conducted during the three successive winter rainfall seasons of 2004 / 2005, 2005 /
2006 and 2006/ 2007 at El-Garawla (24 km east of Marsa Matrouh city) at the Northwest coastal zone of Egypt to find out
the effect of tillage systems; i.e., limited tillage (LT), conservation tillage (C'T) and traditional tillage (TT), and crop
rotations; i.e., wheat afier wheat (W/W), wheat after barley (W/B), wheat after fallow (W/F) and wheat after veich (W/V),
on bread wheat (Triticum gestivum 1..) productivity under rainfed conditions. The field experiments were first established
in the 2003/ 2004 scason.

Concerning tillage systems effect, it could be concluded that TT system achieved the highest values of most wheat
grain yield and its attributs, as well as water use efficiency (WUE), as compared with the lowest ones by LT system
overall seasons. Furthermore, TT and CT systems were equal in their effects without significant differences on wheat
yields, as well as WUE in the tirst two seasons. However, TT system overestimated the other two tillage systems for yield
traits and WUE, according to rainfall amount and its distribution in the latter season (2006/ 2007). The results, also,
revealed the superiority of W/ V rotation in grain yield and its atiribules of wheat, as well as WUE, as compared with the
other tricd crop rotations during the three seasons. While, W/W and W/B rotations were similar, without significant
differences in recording the lowest wheat yields and WUE overall secasons, In the meantime, results showed that W/ V
rotation gave the highest wheat yields and WUE when TT system was applied, while, the lowest ones were recorded from
W/W and/ or W/B rotations with application of LT system overall seasons. However, there were insignificant differences
between W/ V and W/ F rotations in wheat yields and WUE when TT or CT system was applied during the two first
seasons that received a low amount of rainfall. Generally, under the adverse conditions of rainfed areas, potentiality of
wheat production might be enhanced by sowing in a two-course rotation; i.e., after a leguminous forage, such as adapted
common vetch, followed by fallow summer season, particularly, with application of traditional or conservational tillage
systems,

Key words: Crop rotations, tillage systems, limited tillage, conservational tillage, traditional tillage, water
use efficiency, wheat yicld attributes.

INTRODUCTION

Rainfed agriculture in Egypt occupies 2 to 3%
of total agricultural area, mainly in the Northwest
coastal (NWC) zone, Sinai and in the Southeast
comer. Although this may not appear significant in
relation to the total irrigated areas, but, it is
important to local communities and economics and
to the national security. The poorest households are

indicate that horizontal expansion of wheat growing
is a limited option in such rainfed areas.

Farmers in the NWC are making pressure on
available land in the time of low level of
mechanization and risky rainfail seasons. These
farming systems seem to be wvulnerable to
continuous degradation environmental conditions
(MRMP, 2002). Indigenous conservation tillage

living in such these areas. Better management would
contribute to the conservation of natural resources
and better sustain the Hvelihood of local
communities. These are important objectives of
government of Egypt. The rainfed areas of the NWC
are characterized by fragile farming systems. There
are several principal physical, biotic and
socioeconomic  comstraints  te  agriculmral
sustainable development. The major constraint for
wheat production, under rainfed conditions in the
NWC, is the insufficient soil moisture content to
meet crop water requirements., Therefore, the
physical limitations of land and water resources

systems are prevalent in areas with water-deficit
conditions. A traditional tillage practice has led to
advanced soil erosion, which has decreased crop
productivity and led to decline opportunities for
sustainable development. Direct seeding in dry soil
is widely used in the NWC. The technique consists
of handle broadcasting the seeds in dry soil and
covered with one chisel plowing (15 cm depth),
using a tractor before rainfall precipitation. This
practice is carried out by farmers in order to meet
their production objectives rather than protecting the
soil from hazards, as disturbed soil surface is
exposed to wind erosion, which may occur before
rainfall precipitation. Tillage practices may have
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direct or indirect impact on plant growth.
Conservation tillage practices are very important in
arid and semi-arid zones, where water is the limiting
factor for crop development under rainfed
conditions (Bond er al., 1971; Wilhelm et o/ 1982;
Wilhelm er a/., 1989 and Wilheim, 1998).

The cultural practices in the NWC are
conventional, without mineral fertilizers or a
planned crop rotation system. Under rainfed
conditions, wheat is usually grown after summer
faliow. Sheep and goats manure is the only available
source of organic matter, where it cannot provide
enongh nutrients to sustain yield production,
particularly, the conventional mono-cropping
system. Many studies concluded that crop rotations,
especially cereal — legum . rotations and biological
nitrogen fertilizers were effective in rainfed areas to
safegnard production, reduce chemical use, help to
protect the environment and attain sustainability
(Karaca et al., 1991). Leguminous crops provide
nitrogen for subsequent cereals in the crop rotations
(Reeves, 1991; Papastylianou and Panayiotou,
1993). Under rainfed conditions at Syria, Pala
(1994) reported that total production of biomass and
protein was only marginally reduced if vetch was
grown with barley in the two-course rotation, but, in
comparison between barley-leguminous fodder
rotations and barley-fallow rvotations, he found a
large advantage in favor of the legume rotations.
Under rainfed conditions in the NWC of Egypt,
Moselhy (1999) found that barley-vetch rotation
gave higher in performance and was economically
more than rotation with pulse crops under lower
rainfall precipitation at the NWC of Egypt.

The present study was aimed to find out the
optimum tillage systern and suitable crop rotation,
which could sustain wheat productivity under
rainfed conditions. Also, to show the main
advantages derived from the two-course crop
rotations on wheat performance and to formulate
recommendations in order to improve farming
systems in the NWC of Egypt.

MATERIALS AND METHODS

Three field experiments were carried out under
rainfed conditions at El-Garawla (24 km east of
Marsa Matrouh city) at the NWC of Egypt, during
the 2004 / 2005, 2005 / 2006 and 2006/ 2007 winter
growing seasons, This study aimed to investigate the
effect of different tillage systems and crop rotations
on grain yield and its components of wheat. The
applied treatments were the three tillage systems,
limited tillage (LT), conservation titlage (CT) and
traditional tillage (TT), as well as the four crop
rotations; wheat after wheat (W/W), wheat afier
barley (W/B), wheat after fallow (W/F) and wheat
after vetch (W/V). The field experiments were first
established in the 2003/ 2004 season, where the
plots of vetch, barley and wheat were sown as
preceding crops and piots were left as fallow
without planting.
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The sowing date was done after the first
effective rainfall precipitation on November 10%,
15% and 17" for the first, second and third seasons,
respectively. Where, common wheat seeds (Triticum
aestivum L.) of Giza 168 cv. were used at the rate of
35 Kg/fad (one faddan equals 4200 m’). Seeds of
common vetch (Ficia monantha L.) were treated
with soaking in warm water (50 C°) for 12 hours
before sowing, as a preceding crop, with a seeding
rate of 40 Kg/ fad. Chisel disc plowing was made at
15 cm depth to prepare the seed beds, Harvest was
carried out on May 7™, 12% and 15 in the first,
second and third seasons, respectively.

The soil of these trials was loamy-sand in
texture, >1.5 m depth, which was called Nous in
Bedouin terminology, it had 0.022 - 0.025 %
available nitrogen, 16-23 ppm phosphorus and high
Ca Coj content (22 — 25 %).

The general average of rainfall in the NWC is
140 mm / year (mean for last ten years). However,
the amount of rainfall precipitated {manual rain
cages) were 91.0, 95.7 and 211.0 mm / year in the
first, second and third season, respectively. It is
noticed that the amounts of rain during the first two
seasons were lower than the general average.
However, the third season received the highest
amount of rainfall precipitation, as shown in Fig.
(1.

The experiments were laid out in a strip-spiit
plot design, with four replicates. The tried tillage
systems were allocated in the main plots, while,
crop rotations were allocated in the sub-plots. Each
sub-plot area was 100 m’ (5 m wide x 20 m long).

At harvest time, 75 m? from each sub-piot were
used to determine grain yield attributes, as well as
grain, straw and biological yields. Water use
efficiency {(WUE) for grain production per mm of
rain water was calculated. The collected data were
statistically analyzed, according to Snedecor and
Cochran (1967). Duncan’s multiple range test was
used for comparison among means (Duncan, 1955).
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Fig. 1: Monthly rainfall distribution {mm) during
the three winter seasons of the study,
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RESULTS AND DISCUSSION

A. Grain yield attributes:

A. 1. Effect of tillage systems:

Data presented in Table | showed that there
were significant differences among differemt tillage
systems in the three seasons of study. It is evident
that the applied tillage systems had significant
effects on plant height, pumbers of tillers and
spikes/m’, spike length and number of grains/ spike
in favor of traditional tillage (TT) system in the
three seasons. However, 1000-grain weight was not
significantly affected by different tillage systems
overall seasons. Moreover, the results confirmed the
superiority of TT system, followed by
conservational tillage (C1) system, compared to
limited titlage (LT) system in such traits in the first
season. Meanwhile, TT and CT systems were
similar without significant differences, having the
tallest plants, much numbers of tillers and spikes/
m?, as well as longer spikes and much number of
grains/ spike in the second and third seasons. It was
clear that, in the case of good distribution and higher
rainfall during the winter seasons, as occurred in the
third and second seasons, there were no significant
differences between 1T and CT systems in having
the highest values of the above mentioned traits, as
compared with the case of the first season, which
had received lower rainfall, where TT system
surpassed the other two tried tillage systems in all
grain yield attributes herein. Yowever, LT system
recorded the lowest values of all traits, during the
three seasons of study. At the NWC of Egypt,
Moselhy (2010) concluded that traditional or
conservational tillage systems produced the highest
values of grain yield atiributes of wheat and barley
under rainfed conditions.

A. 2. Effect of crop rotations:

As shown in Table 1, results indicated that
crop rotations had significantly affected the grain
yield attributes of wheat in the three seasons, except
for 1000-grain weight throughout the latter two
seasons, Wheat after vetch (W/V) rotation produced
the highest values of plant height, numbers of tillers
and spikes/ m’, as well as spike length and number
of grains/ spike throughout the three seasons. The
case was the same for 1000-grain weight only in the
first season. Nevertheless, the lowest values of these
traits were recorded either by applying continuous
wheat plantation system {W/W) or by wheat/ barley
(W/B) rotation. Generally, the performance of
different crop rotations for grain yield attributes of
wheat was significantly different, depending on the
preceding crop and rainfall precipitation overall
growing seasons. In the meantime, the superiority of
wheat grain yield attributes, in the case of B/ V
rotation over the other tried crop rotations might be
due to the fact that fixed nitrogen by legume plants,
as a preceding crop, was used by subsequent wheat
plants, Generally, this might led to the accumulation
of fixed nitrogen and improvement of organic

" rotations

matter by legumes. Also, leguminous ctops provide
nitrogen for subsequent cercal crops in crop
(Reeves, 1991; Papastylianou and
Panayiotou, 1993).

A, 3, Effect of interactions:

Analyzed data indicated that there were
significant effects of the interaction between the
studied tillage systems and crop rotations for plant
height, number of tillers/ m?, number of spikes/m?’,
spike length and 1000-grain weight, while, number
of grains/spike was not significantly atfected. This
was clear only in the third season. However, there
were no significant effects on all grain yield
attributes throughout the first two seasons (Table 1).

Results in Table 2 showed that the tallest
wheat plants were obtained when W/ V and/ or W/F
rotations were applied under tried traditional tillage
(TT) or copservational tillage {(CT) systems without
significant differences, while, the shortest plants
were produced by continuous wheat planting when
limited tillage (LT) system was applied. The case
was the same for number of spikes/ m” Meanwhile,
the largest number of tillers/ m* and longest spikes
were recorded by applying W/V and W/F at par
without significant differences when TT system was
applied, followed by CT system, while, the lowest
spike number/ m® and the shortest spikes were
recorded by W/ W rotation under the application of
LT system. In reverse, the application of either
W/W or W/B rotation, with limited tillage system,
gave the heaviest 1000- grain weight, while, the
lightest one was recorded by applying W/V and/or
W/F rotation with TT system. This might be due to
its efficiency to produce much number of spikes/ m®
and more grains/spike. These results are in harmony
with those observed under rainfed conditions of the
NWC of Egypt by Abdel Aleem and Sabry (1994)
and Moselhy (1999).

B. Wheat grain yields and water use efficiency:
B. 1. Effect of tillage systems:

Data in Table 3 showed that the tried tillage
systems had significant effects on grain, straw and
biological yields, as well as water use efficiency
(WUE), except for harvest index overall seasons. In
the meartime, traditiona! tillage system gave the
highest values of wheat grain yield trait and the
highest efficiency of rain water use throughout the
three growing seasons. Meanwhile, TT and CT
systems were similar in their effects on wheat grain
yield anct WUE during the first and second seasons,
but, in the third season, TT system surpassed the
other two tillage systems. This might be due to the
amount and distribution of rainfall precipitation that
occurred in the latter season. However, limited
tillage system recorded the lowest values of the
above mentioned traits in the three seasons. These
results are in harmony with those obtained by
Mosethy (2010),
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Table 1: Effect of tillage systems and crop rotations on wheat grain yield attributes during the three

SERSONS.
Main effects and Plant height  No.of tillersy  No. of spikes/ Spike length  No. of grains/ 1000-
interactions (cm) m? m? {cm) spike grngg)wt.
Tiilage systems (T): 20042005
LTS 48.6¢ 053¢ 158.1¢ 494 ¢ 2302¢ 26.03
CTS 51.7b 208.4b 16020 536b 24.56b 26.61
TTS 5274 211.1a i624a 57%a 2585a 27.01
F.test * * * * * NS
Crop rotations (R):
WIW 452 ¢ 196.6b 145.1d 4.68d 2241¢ 2489b
w/B 45.6¢ 198.5b 1464 ¢ 4.78¢c 2271 h 25.08b
WIF 557b 2182a 173906 596b 2630a 28.02a
wiv 576a 2198 a 175.0a 604da 26.4%a 2822a
F_ test * * * * * *
Interaction:
TxR N.£ N.§ NS N.S N.§ N.8
Tillage systems (T): 2005/2006
LTS 487b 20390 1583b 492b 2380 2523
CTS 522a 2082 a 161.6a 5.58a 24.68a 24,75
TTS 52.4a 2083 a 160.1a 572a 2506a 24.91
F.test * N.S * * * NS
Crop rotations (R):
WW 451¢ 196.2¢ 1438 ¢ 469¢ 22,17 ¢ 25.05
W/B 46.0¢c 1988b 1488 b 482b 2257b 24.94
W/F 55.9b 2148a i72.7a 605a 26.lia 24.93
WiV 673a 2173 a 174.8a 6.08a 2623 a 24.93
F. test * * * * * NS
Interaction:
TxR N.8 N.8 N.5 N.S N.S NS
Tillage systems (T): 20062007
LTS 699 b 2146b 1643 b 514b 25.18b 2528
CTS 140a 2353a 169.9a 624a 26,61 a 24.40
TTS T4.6a 2382a 1687 a 629a 26.76a 24.05
F. test * ¥ * * * NS
Crop rotations (R):
Ww 65.2¢c 20884d 150.5d 508¢ 24.62d 25.55
W/B 658¢ 2i0.1 ¢ i516¢ 5.15b 24.82¢ 2533
W/F 794b 248050 184.1 b 6.52a 2730b 25.78
Wi g8l0a 2506a 185.6a 6.55a 27.53a 25.63
F. test * Ll * * % N‘S
Tnteraction: »
TxR * * * * NS

*. Significant at 0.05 level of probability, values followed by similar letters are not significantly different at P < 0.05 by Duncan’s
multiple range test, N.S: Not significant.

Table 2: Some grain yield attributes of wheat as affected by the interaction between tillage systems and
crop rotations in 2006/ 07 season.

Plant height  No. of tillers/ No. of spikes/ Spike length 1080-grain wt,

Tillage system Crop rotation (om) i m? (em) @
W/w 63.2¢ 1993 ¢ 147.0f 443 g 2640 a
LT w/B 64.2 de 2005 g 1490 ¢ 4.60 £ 26302
W/F 74.5¢ 227.0d 179.0¢ 5.75¢ 2430 ef
WV 77.6b 2318¢ 182.0b 5.80¢ 24.i0f
W/W 65.5de 2123f 152.5d 525e 2550b
oT Ww/B 65.8 de 2143 ef 153.8d 330e 25.20¢
W/F 8194 2365b 1860 a 678 b 2350g
WV 8302 2583 b 187.3a 6.83b 23.40¢
W/w 56.9 d 215.0¢ 1520d 5.55d 24.75d
TT w/B §7.3d 2155¢ 15204d 555d 24.50 de
W/F 8l.8a 2605a 1873 a 703a 2355g
WiV 823a 2618a 187.5a 7.03a 2340 ¢

Valugs followed by the same letters are not different a; P < 0.05 by Duncan's multiple range test.
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B. 2. Effect of crop rotations:

As shown in Table 3, there were significant
differences among crop rotations in favor of W/V
rotation, followed by W/F rotation overall seasons.
In the meantime, the obtained data indicated that the
tried crop rotations had significant effects on grain,
straw and biological yields, as well as water use
efficiency (WUE), except for harvest index in the
three seasons. Moreover, results showed that the
highest grain, straw and biological yields, as well as
WUE were recorded by W/V rotation, followed by
W/ F rotation, but, the lowest ones were recorded by
W/W and/or W/B rotations at par without
significant differences, This might be due to the
harmful effect of continuous planting of cereal crops
on soil fertility rather thm the effect of rainfall
precipitation. During the three seasons, rain water
was used in grain production of wheat more

efficiently with applied W/V rotation, compared to
W/W and W/B rotations, which gave the similar
lowest wvalues. Generally, the performance of
different crop rotations tried here for grain yield of
wheat was significantly different, depending on the
preceding crop overall growing seasons. These
results are in harmony with those obtained by Pala
{1994), Christiansen et al {1994), Moselhy (1999)
and Angas ef al (2003). In this respect, Pala (1994),
investigating water use efficiency by barley in
rotation with vetch and fallow under rainfed
conditions in Syria, found that barley following
green grazed veich utilized 11 mm of rain water
more than barley following mature-harvested vetch.
Also, Harris (1989) found that soils stored very little
water from a winter fallow over the summer for the
next crop in the crop rotation.

Table 3: Effect of tillage systems and crop rotations on grain, straw and biological yields as well as
harvest index and water use efficiency (WUE) in the three seasons.

Main effects and Grain yield Straw yield Biglogical Harvestindex WUE
interactions (Kg/ fad) (Kg/ fad) (K g/ fad) (%) (Kg grains/ mm)
Tillage systems (T): 2004/2005

LT 40320 790.3 b 1193.5b 33.86 424b
CT 4306 a 8942a 13447 a 3375 474 a
T 4510a 901.6a 1352.6 2 3163 4752
F. test * * * NS *
Crop rotations (R):

W/iwW 3303 ¢ 6254 ¢ 9557 ¢ 34.55 348 ¢
w/B 3334¢c 835.1c 068.8 ¢ 3443 35i¢
W/F 5344 b 10675 b 160190 33.37 563b
WiV 5416a 1120.2 a i6618a 32.65 570a
F. test * * * NS *
Interaction:

TxR * * * NS *
Tillage systems (1): 2005/2006

LT 402406 79740 1199.8 b 33.55 421b
CT 4528a 897.8a 1350.5a 33.72 473 a
TT 453 1a 90443 1357.4a 33.63 473 a
F. test * * * NS «
Crop rotations (R):

WwW 3309¢ 636.2¢ 967.1¢c 3421 346¢c
Ww/B 3340¢c 642.8 ¢ 9769¢ 34,18 349¢
W/F 5360b 1066.2 b 16022 b 33.45 5600
WiV 5434a 112082 6642 a 3268 5.68a
F. test & * * N.8 *
Interaction:

TxR * * * NS »
Tillage systems {T): 20062007

LT 5243 ¢ 80239¢ 14482 ¢ 36.14 249¢
CT 366.7b 10146 b 1581.3b 3382 2.69b
TT 5783 a 10787 a 16569 a 35.04 2742
F. test * * * NS *
Crop rotations (R):

W/W 4308 ¢ 7785¢ 1209.3 ¢ 35.62 2.04c
W/B 4360¢ 782.4¢ 12184 ¢ 35.80 207c
W/F 87580 12253 b 1901.1% 35.60 3.20Db
WiV 683.1a 1236.7a i0198a 33.63 324a
F. test * * * N.S »
Interaction:

TxR * * * NS *

*. Significant at 0.05 level of probability, values followed by similar letters are not significantly different at P < 0.05 by Duncan’s

multiple range test, N.S: Not significant.
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C. 3. Effect of interactions:

Data of the study clearly indicated that there
were significant effects of the interaction between
tillage systems and crop rotations on grain, straw
and biological yields, as well as water use efficiency
for grain production in the three seasons (Table 3),
Results presented in Table 4 showed that the highest
grain vield was produced when W/ V and/ or W/ F
rotations were applied with traditional or
conservational tillage systems at par without
significant differences in the first and second
seasons. However, under high rainfall precipitation,
as occurred in the third season, the highest grain
yield was produced from the last two fried crop
rotations (W/ V and W/ F) without significant

differences only with the application of TT system,
In the sametime, the highest straw and biclogical
yields were obtained when W/ V rotation was
applied under the conditions of tried TT or CT
systems at par without significant differences in the
first and second seasons. However, in the case of
the third season, which had received the highest
rainfall precipitation, the highest values of both
yields were produced by W/ V and/ or W/ F
rotations, without any significant differences when
traditional tillage system was applied. Meanwhile,
the lowest grain yields of wheat were recorded when
W/ W and/ or W/ B were applied, with application
of limited tillage system throughout the three
S€asons.

Table 4: Grain, straw and biological yields of wheat and water use efficiency (WUE) as affected by the
interaction between tillage systems and crop rotations in the three seasons.

Grain yield Straw yield Biological yield WUE
Tillage system  Crop rotation (Kg/ fad) (Kg/ fad) £E£fad) {(Kg grains/ mm)
2004/ 2005
Ww e 586.5¢ 890.6 = 320e
LTS W/B 3079e 591.8¢e 8997 ¢ 324e
W/F 496.0 ¢ 9820¢c 14780 ¢ 522c¢
WV 3049 b 1001.0¢ [5059¢ 531t
WW 34284 644.0d 086.8 d 361d
CTS Ww/B 345.5d 6563d 1001.84d 364d
W/F 5538a 11088 b 16625 b 5.83a
WiV 5603 a 1167.8 a 1728.0 a 590a
WwW 344.0d 645.8d 0858 d 362d
TTS W/B 346.8d 657.3d 1004.0d 365d
W/F 5535a 11118 b i6653 b 583a
WV 5598a 11918a 17515 a 589a
2005/ 2006
W/W 3030e 59 5e 9025¢ 317e¢
LTS Ww/B J0ede 6028e 9091 c 320e
W/F 4949 ¢ 981 8¢ 1476.6 ¢ 517¢
WV 50556 10055 ¢ 1511.0¢ 528D
Wiw 3443 d 65334 997.5d 360d
CTS W/B 347.04d 662.84d 1009.8d 365d
WIF 5570a 1107.8b 16648 b 5.82a
WiV 5628a 11673 a 173060 a 588a
W/wW 3435d 6558d 10013 d j.o1d
TS w/B 348.84d 663.0d 161184 3.65d
W/IF 5560a 11093 b 16653 b 58la
WV 562.0a 118052 175152 587a
2006/ 2007
W/wW 413.3] 743.5g 11368 ¢ 1961
LTS W/B 419.01 7450 1640 g 199i
W/F 623.8d 1089.8 d 1713,5d 296d
WiV 6410¢ 1175¢ 17585 ¢ 304c¢
Wiw 433.5h 784.0f 12175 fF 206h
CTS Ww/B 439.0¢ 7895 122851 208g
W/F 696.0b 124000 1636.0b 329b
WV 6985 b 12448 b 19433 b 331b
W/W 4458 ¢ 808.0¢ 1253 8¢ 211 f
TTS W/B 4500 ¢ 8128e¢ 12628 ¢ 213e
W/F 707.5a 1346.3 a 20538z 335a
WiV 709.8a 1347.8 a 20575a 336a

Yalues followed by the same letters are not significantly different at P < 0.05 by Duncan's multiple range test.
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Ultimately, it was evident that wheat plants
used rain water efficiently for grain production
when it was planted in crop rotation after vetch and/
or after fallow with the application of traditional
and/ or conservational tillage systems at par without
significant differences. This was true in the first and
second seasons, since low rainfall precipitation was
received. On the other side, under highly rainfall
precipitation, as occurred in the third season, the
highest WUE for grain production of wheat resulted
from crop rotations of W/ V and W/ F, without
significant differences with the application of
traditional tillage system. While, the lowest values
of WUE were recorded by W/ W and/ or W/ B
rotations with the application of limited tillage
system (Table 4). These results are in harmony with
those observed under rainfed conditions of the
Mediterranean region by Oweis et al {1999), Turner
(2004), Wang et af (2005), Al-Issa and Samarah
(2006), Cook (2006) and Moselhy (2010).

CONCLUSIONS

The present results of this study concluded that,
under the adverse conditions of rainfed areas, wheat
could be sown in crop rotation afier a leguminous
forage, such as the adapted common vetch, followed
by fallow sumimer season or after fallow of winter
and summer seasons. Potentiality of wheat
production under these conditions might be
enhanced by using traditional or conservational
tillage systems during the promising rainfall
seasons, particularly, with the suitable crop rotation.
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