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Abstract

The experiment was carried out at the farrthefFaculty of Agriculture and Forestry, University
of Duhok, Kurdistan Region, at Sumail county, fbe tgrowing season 2010-2011. A Randomized
Complete Block Design (RCBD) in spilt-spilt plorangement, with three replications was designed
including the preceding crops (Fallow, Barley, Sowkr and Cucumber) as the main plot, while the
two supplement irrigations were allocated as aoh-and the two wheat varieties (Abu Ghraib 3
and Sham 6) as sub-sub-plot. The results revélagedallow land, sunflower and cucumber enhanced
some traits and the highest values were recorded @icumber for biological weight, grain weight
per square meter and grain yield; which were (58§,5270.64 g and 2.71 ton/ha), respectively. The
increment in wheat grain yield after fallow, sumfler and cucumber in comparison with barley was
413.95%, 437.20% and 530.23%, respectively.

The influence of supplementary irrigation wdssious, with the exception of harvest index and
1000-grain weight; all other traits were increageaidually by irrigation repetition. The increment i
grain yield due to one and two irrigations was .53@nd 84.55%, respectively, as compared to non-
irrigation. Abu Ghraib 3 surpassed Sham 6 in tla@ wf number of grain/spike, it was 18.35 and
15.91, respectively. The weight of grain/spikas 0.55 and 0.50g, respectively.

The least biological yield was noticed forlbgrwith no irrigation (57.53), while applicatior o
irrigations after fallow, sunflower and cucumbercegded barley with an amount of 1104.59%,
1007.37%, and 1311.83%, respectively. The ultingai@ for growing wheat is grain yield; therefore
it was raised after fallow, sunflower and cucumbercomparison to barley with no irrigation by
1195.45%, 1268.18%, 1536.36 %, respectiveljne results revealed significant interaction on som
traits; they had no significant effect on grainlgiand yield components between the three factors
while the second order interaction was not sigaific
Key words: supplementary irrigation; preceding e;dpham 6; Abu Ghraib 3;fallow.

Introduction

Wheat is the most important economic crop in thaldy it is used mainly for human
consumption (65%), animal feed (21%), and industr(@4%), (Gooding and Davies,
1997).Therefore, it is necessary to increase whreatuction to compensate the increase food
supply to keep pace with growing world populati@rought is one of the most important
abiotic stress that globally limit crop production more than 26% of the world's arable land,
and create huge variations in grain yield in thiévated areas (Cseuz, 2009).

Although water availability is a major limitinfactor in wheat production, the cultivars
shows variable response to their resistance togthtozonditions. Therefore, enhancing wheat



productivity can be achieved by supplementary atitgn during the critical stage of wheat
growth. The most area of wheat production in Iddgrdistan region located, under rainfed
conditions, usually of low yield and the annual qurction is fluctuating as the water
availability is the major constraint limiting aguitural development (Adarst al., 2002).

The irregular precipitation and distributiogatl to fluctuation in wheat production and
productivity. The total area cultivated with wheaturdistan region for the growing season
2011 was 650309.5 ha. The yield was 498751 torex; tiroductivity was 0.767 ton/ha
(Ministry of Agriculture, Kurdistan Region, 2011ourteen years average Yield of wheat
in Iraq was (0.727 ton/ha), while the averageld of wheat for the three Kurdistan
governorates (Erbil, Sulaimani, and Duhok) wa839.ton/ha(FAO, 2001). On the other
hand, the farming system has also its influencembeat production. Summer fallow is
commonly used to stabilize wheat production, bummser fallow results in soil degradation,
limits farm productivity and profitability, and sts soil water inefficiently.The mean
precipitation storage efficiency was 29%. Therefdi@lowing is not a useful tool for
increasing water availability (Lopez-Bellidbal., 2007).

Changes in the sequence of crops grown on agrraliland are well known to enhance the
yield of grain crops such as wheat. A survey oflitieeature gathered from around the world
shows mean yield benefits of up to 20% or more. FfBvéew summarizes current
understanding of the ‘better-known’ mechanismsropaotation, and discusses other
mechanisms (e.g. changes in rhizosphere biolotgtppathy or soil structure) that may help
to account fully for the rotation benefits that badeen observed by agricultural producers for
more than 2000 years (Kirkegaaatcal., 2008).

In respect to wheat cultivars, a significagenetic variation was observed for the
agronomic and physiological traits investigated“byrshadfaret al., 2011” in their study
under rainfed and irrigated condition including gr@s and their hybrids. According to the
preview, the present research work was designew/éstigate the influence of the preceding
farming system, supplementary irrigation on yietdl ats components of two bread wheat
cultivars.

Materials and M ethods

The experiment was carried out at the farm ofRheulty of Agriculture and Forestry,
University of Duhok, Kurdistan Region, at Sumedunty, which is located 15 km west
Duhok City, at latitude 36°.84" N, and longitude’41" E and elevation of approximately
583 masl, during the winter season 2010-2011. &tperiment was established irsail
classified as vertisol, silty clay in texture ofnsearid climatic condition, with pH (7.8)
organic matter (1.48%) (Artoshy, 2010), with dif#fat preceding crops which were
considered one of the experiment factor.

The preceding crops comprised fallow when the figés ploughed twice with mouldboard
plow, the first operation was in October 2009 &ime second plowing was in April 2010.
The barley field was grown with barely during theason of 2009, with fertilization
application at a rate of 40 kg/ha NPK hand broatchs and harvested in early June 2010.



While for sunflowerthe field wasploughed twice during winter season of 2009-201@ a
sunflower seeds were sown on April™262010 Field irrigation was based on plants
requirement, weeds were controlled manually by h@d17" of June the field was fertilized
with nitrogen and phosphor (18% N and 23% P); lfeetis were applied at a rate of 320
kg/ha, banded little above the bottom of the roflg 011).

Finally during winter months of 2010 anotheartpof the field was ploughed twice with
mouldboard plow, and planted with cucumb@udumis sativa L.). On April 17", 2010, the
fertilization process was conducted by addition28D kg/ha of Urea, with 129 kg/ha of
phosphate during the season as two intervals ithiedfiter four weeks from planting, and the
second after one month of the first (Yousif, 2011

The land of the above preceding crops wapgvesl for growing wheat; it was ploughed
twice, first in October 28, 2010 with mouldboard plow, and for the secondetiinwas
ploughed in December £92010 with one way disc plow perpendicular tofirgt one. Two
varieties of wheat, Abu Ghraib 3, from Ninevah Agitural Research Station, and Sham 6
from Duhok Agricultural Research Station, the puvitas 98% and 97%, and the germination
was 99% and 98% for Sham 6, and Abu Ghraib 3, easgely. And the 1000-grain weight
was 27.22 g, and 22.37 g for Sham 6, and Abu Gl8ailespectively. The seeding rate was
adjusted on the basis of 120 Kg/ha for Abu Grailto3achieve 500.67 grain/ row of four
meter length, this was corresponded to 146 Kd#raSham 6 to achieve 500.67 grain / rows,
and sowing on December®,92010.

Abu Ghraib 3, recommended growing under irrigatand dry farming condition  of
assured and semi assured annual rainfall. Lodgmd) raist resistance, respond to NP
fertilization, suitable for bread, it is of moderamaturity and of high productivity. Abu
Ghraib 3 is cross of [ Ajeba (introduced from Indlia Inia 66 (introduced from Mexico ) x
Mexico 24]. Sham 6, was introduced from ICARDA, gp®, Syria is a spring variety,
suitable for irrigated area, and lodging and diseassistance(NCAVRR, 2004).

Random soil samples were collected depenaingreceding crops, at two depths of (0-
20 and 20-40 cm, it was prepared for some phlaiwé chemical characteristics , as shown
in table (1) which were measured at the laboratdrySoil and Water Science Department.
The soil characteristics were determined accorttnBageet al. (1982). Soil extract of 1:1
was used for measuring soil pH using pH meter aathgsium by flame photometer
instrument. Total nitrogen was measured by Micreltal instrument (Bremner, 1965).

Table (1): Physical and chemical properties ofdiéof the experiment site.

Soil characters Average value




Sand g/Kg 84

Particle size distribution | Silt g/Kg 414.0
Clay g/Kg 501.0
Bulk density Mg/mi 1.43
Moisture content at field capacity (-33kKpa) 29.4%
Moisture content at wilting point (-1500kKpa) .2B%
Electrical conductivity ds 0.397
Fallow Barley Sunflower Cucumber

Soil depth (cm) | Soil depth (cm)  Soil depth (gngoil depth (cm)

0-20 20-40 0-20 20-40 0-20] 20-40 0-20 20-40

Soil pH 7.96 7.97 8 8.01 7.86 7.88 7.81 7.95

Organic matter (%) 141 1.43 151 1.01 1.38 1.02 171. | 1.48

Available Nitrogen (%) 0.011| 0.012 0.005 0.005 (@.000.005| 0.030 0.010

Avallable - phosphorous 5 o7 | 549 | 500 | 459| 1085 844 670 539
(mg.Kg")

Soluble Potassiu (mmol

LY 0.65 0.61 0.67 1.29 1.39] 0.94 0.74 0.60

Organic matter was measured by wet digestion metisdg concentrated sulphuric acid
Walky and Black method according to (Blaatlal., 1965).

The climatically information represented in tal®¢. (



Table (2): Monthly average temperatuagmospheric relative humidity and rainfall durirg tstudy
season (2010-2011).

Season 2010-2011
Monthly average Monthly averageatmospheric| Monthly  average
temperature °C relative humidity (%) rainfall (mm)
October 30.3 32.6 0.5
November 14.8 28.3 -
December 6.61 45.9 62.4
January 7.95 59.1 80.5
February 8.45 57.5 55
March 10.24 42.7 19.6
April 15.05 49.73 138.3
May 21.8 43 54.4
June 28.19 24.58 0.5
Total rainfall 411.2
Rainfall+ one irrigation 411.2 +46.7 457.9
Rainfall+ two irrigation 411.2+77.6 488.8

* Metrological Station (2011) of the Faculty of Agulture and Forestry, University of Duhok.

To supplement rainfall with irrigation, two irrigahs were applied, the first one on April
16", 2011, at wheat booting stage, plant dependingsoil moisture depletion to approach
the field capacity which was (29.4%).

While the second irrigation was applied on My 2011 at anthesis stage. The amount of
water required was determined according to (Chaederaret al.,2010).

Mfeci—Mbi
_—

d = P AiDi

d = netirrigation water to be applied ( cm).

Mfei = moisture contain percentage at field capacitydom layer (29.4%)(Khalaf, 2010).
Mbi= moisture contain percentage before irrigatroBGcm layer.

Ai = Bulk density (1.43 Mg/rh) at 30cm layer.

Di = depth (cm) of the soil layer.

Q=A=xd

Q = amount of water need to irrigate until fiewbacity ().



A =plot area (5.6 f).
d = depth of supplement irrigation (m)

The water was added using water gauge cteth@gth plastic hoes ended with a circular
bath shower of 20 cm diameter, for uniform disition and to resemble rain.

The amount of added water was represented in (aple

The experiment was designed as Randomized Conlet& Design (RCBD) in spilt-spilt
plot arrangement, with three replications. The lainlded into three blocks, (each of 24

Table (3): Amount of water added as supplementaigaition.

1% irrigation 2"%jrrigation

Moisture | Added Correspond | Moisture | Added Correspond

content water to rain fall| content | water to rain fall

(%) (liter)/plot | (mm) (%) (liter)/plot | (mm)
Fallow 18.00 273 48.75 22.11 175 31.25
Barley 18.56 260 46.42 21.88 180 32.14
Sunflower | 19.33 241.9 43.19 22.73 160 28.57
Cucumber | 18.01 273.6 48.85 22.01 177.5 31.69

plots), the experiment unit was 1.4x4 m (5.6).nThe main plot was assigned for the
preceding crops, the two supplement irrigationsenadfocated as a sub-plot, while the two
wheat varieties allocated as sub-sub-plot. Thekislagere 2m apart from each other, while
the distance between plots was 1.5 m apart, beteaehn sub-plots 0.5m, which consists of
six rows of 4m length, and 0.2m between lines. Whiedd and yield components comprised,
spike length (cm) excluding awn, number of graiikspweight of grain (g)/spike, above

ground biomass g/ (Biclogical yield = straw + grain), weight of grain/m, harvest

index = grian vield

% 100 , according to, Sharma and Smith (1986), 100@igra

biomas: above ground

weight (g), grain yield ton/ha.

The collected data were subject to analysisasfance using SAS program (Version 9.0,
2001). Means of each factor levels and their irtgwas were verified according to Duncan's
MRT (1955) at 5% level, whenever significant for.

Results and Discussion
The results shown in table (4) revealed thalelgan general has the most deleterious effect
on all studied traits, including (spike length, rhem of grain/spike, weight of grain/spike,
biological yield, straw weight, weight of grainfmharvest index, 1000-grain weight and grain
yield/ha). Sunflower resembles cucumber in ite@fbn spike length, number of grain/spike,
weight of grain / spike, straw weight/mharvest indeand 1000 grain weight.



While cucumber gave higher value than all othgstems, in biological weight, grain
weight/nf and grain yield; which were (596.58 g, 270.64 d arv1 ton/ha), respectively. The
increment in wheat grain yield succeeded fallomflewver and cucumber in comparison with
barley was 413.95%, 437.20% and 530.23%, respécie enhancement after fallow,
sunflower and cucumber was attributed to the berfefim the fertilization of these crops
which improved soil fertility as it is shown in $analysis in table (1).

Similar results have been noticed by Olofssd@8) who stated that when the preceding
crops were cereals including barley, they resuiteda significant reduction in wheat vyield.
Moreover, the passiveness effect of barley wasbated to its allelopathic effect on durum
wheat according to Saied (2004) who found thatdyarésidues reduced wheat plant height,
root length and the dry weight.

The moisture that conserved after fallowinglaring growing these summer crops
(sunflower and cucumber) might have some benefetfacts on subsequent grown wheat.
This was confirmed by Lyost al., (2004) who found that sunflower has a positive cftmn
the subsequent grown wheat. Norwood (2000) repohi@dsunflower and soybean caused
reductions in subsequent wheat yield and this Weasanfirmed by Schleget al., (2008)
who noticed that wheat yield was higher after fallotation than after sunflower. The
influence of supplementary irrigation was signifigavith the exception of harvest index and
1000 grain weight; all other traits including grgield and its components were increased
progressively by irrigation frequency.

Table (4): Effect of the preceding crops on wheelidyand yield components.

. Spike [Number |Weight oiBiological{Straw [Weight |Harvest |1000-grain|Grain

Preceding . . . . . . .
CroDS length |of grain/spike|weight  |weight |of index |weight yield

P (cm) |grain/spike |(g) g/n? g/’ |grain/nt | (%) (9) ton/ha
Fallow 6.48a| 17.76 a 0.52b 541.32pb 320.£20.84 h41 29.48 b 2.21 1
Barley 3.54 b 10.00 b 0.27c 100.99|c 58.4¢A51 c | 40 25.99c¢c 0.43c
Sunflower | 6.50 @ 20.40 a 0.66 a 489.14b 257/83131 h47 3246 a 231b
Cucumber | 6.36a 20.35a 0.66 a 596.58 a 32538064 346 32.33 a 271 a

Within each character's means followed by the salpkabetical letters do not differ significantly (at0.05)
according to DMRT (1955).

Table (5) shows an enhancement in the spike leshgghto one and two irrigation was 11.34%
and 18.46%; while it was 13.33% and 15.96% for neimdd grain/spike; 12.5% and 16.66%
for grain weight/spike; 34.06% and 83.34% for biital yield/nf; 31.17% and 82.06% for
weight of straw/rfy 37.78% and 84.98% for grain weighfin87.5% and 84.55% for grain
yield, respectively.

The results indicated clearly that irrigatiomsha substantial role in grain weight
accumulation more than the other characters; it alasost doubled with two irrigations
compared to single irrigation. Such beneficiakeffof supplement irrigation on wheat was in
harmony with the results of numerous researchexrtgl Bnd Patel, 1985; Ismail, 1993; Adary
et al., (2002) who illustrated that wheat productivity aftg increased by supplementing small
amount as much (68 mm) of irrigation, and oth@&tam et al., 2003; Tavakkoli and Oweis



2004; Nancet al., 2011). The interpretation of beneficial effe€tsapplement irrigation is a
way to compensate the soil water loss due trartgpirand to release the water stress on
plants in case of insufficient rainfall (Shetcal., 2009).

Beltranoet al., (2006) attributed the reduction in grain dry smaéswheat due to water stress
to decrease in the grain filling period, which irspd at the watery ripe stage reduced not
only the linear growth phase but also its slopéimaltely it reduced grain number/spike,
1000-grain weight. The water deficient influencge ghysiological activity of plant through
various aspects, water deficient significantly efiéel gas exchange and it reduced the net
photosynthesis rate, transpiration rate and stomatauctance at anthesis and grain filling
stages (Bogalet al., 2011). Wheat varieties were differed significantlyerm of grain yield
and yield components. The results displayed inetgb) show no significant difference
between the two cultivars for the traits; spikegktn straw weight/m grain weight/r,
harvest index and grain yield; Abu Ghraib 3 surpdsSham 6 in the trait of number of
grain/spike, it was 18.35 and 15.91; while the wweigf grain/spike was 0.55 and 0.50 g,
respectively. The reverse was true for the biolaigigeight and 1000-grain weight, it was
higher in Sham 6, it was 448.07 and 415.94; 30ntb29.38 for both traits and both cultivars,
respectively.

Table (5): Effect of supplementary irrigation one@h grain yield and yield components.

Spike [Number |Weight oiBiological|Straw |Weight |Harvest|1000-grain|Grain
Irrigation |length |of grain/spike|weight  |weight |of index |weight yield

(cm) |grain/spike |(g) g/n? g/’ |grain/nf | (%) (9) ton/ha
0-1 5.20c| 15.60 b 0.48b 310.49¢c 174.7B35.77 q42 29.69 1.36 ¢
1-l 5.79b| 17.68 a 0.54a 416.27|b 229.218F.07 h45 30.22 1.87H
2-1 6.16 a| 18.09 a 0.56 a 569.27|a 318.254.15 a44 30.29 2514

Within each character's means followed by the salpkabetical letters do not differ significantly (at0.05)
according to DMRT (1955).

0-1- denotes to no irrigation (rainfall only), Idénotes to one irrigation , and 2-I denotes to
two irrigation. In addition to rainfall.
The differences between wheat cultivars might be wutheir genetic potential, Adary and
Al-Rasheedy (1993) noticed that Abu Ghraib 3 caltidid not perform well under rainfed or
under limited supplementary irrigation. Similarbl-Duleimy et al., (2003) referred to
significant differences between seven wheat cutsiviecluding Abu Ghraib 3 in most traits.
However, Khalaf (2009) demonstrated that Abwrgd 3 performed better than other
wheat cultivars as it displayed least reductiorgiowth characters under water deficit in
comparison to those grown under field capacity.hSutifferences between wheat cultivars
has been reported by other researchers, g€bald 2007; Kotakt al., 2010).



Table (6): Effect of varieties on wheat grain yiald yield components.

Spike |Number |Weight oiBiological/Straw |Weight |Harvest|1000-grainGrain
Varieties length |of grain/spike|weight  |weight|of index |weight yield
(cm) |grain/spike|(g) g/nt g/nt |grain/nf| (%) (9) ton/ha

Sham 6 568 | 1591b| 050D 448.0f a 231.5 196.52 4330.75a | 1.97

Abu Ghraik
3

Within each character's means followed by the esalphabetical letters do not differ significardly(a 0.05)
according to DMRT (1955).

5.76 |18.35a | 0.55a 415.94299.8 | 186.14| 44 29.38b| 1.86

Table (7) show that no significant influenced ofqeding crops and supplementary irrigation
with the exception of biological yield, straw andaip yield/nf. With the exception of
biological yield, straw and grain yieldfnand grain yield ton/ha.; all other traits were not
influenced significantly by this interaction.

The least biological yield was noticed for lkegrlwith no irrigation (57.53), while
application of two irrigations after fallow, sunfer and cucumber exceeded barley with an
amount of 1104.59%, 1007.37%, and 1311.83%, reispdct Similarly the least value for
straw and grain yield/frwas recorded for barley with no irrigation, b highest was for
cucumber with two irrigations. The ultimate goat firowing wheat is grain yield; therefore
it was raised after fallow, sunflower and cucumibecomparison to barley with no irrigation
by 1195.45%, 1268.18%, and 1536.36%, respectively.

Numerous reviews have focused on the effetite interaction of preceding crops with
tillage system on subsequent wheat growth and yield not much was available on
preceding crops with supplementary irrigation. Heere the interpretation for the effect of
preceding cropsvith supplement irrigation could be dte the beneficial from the residual
soil moisture and nutrients from the previous cropsbe utilized in the growth of the
subsequent crops and this beneficial effect wasmrmaad by supplementary irrigation.

The effect of preceding crops with irrigation baslso been cited by other researchers
“Lopez-Bellido et al., 2007” denoted to higher soil water for rotation with #ower and
fallow. Lensseret al., (2007) found that pre-plant soil water, water asel spring wheat
yield were generally greater following summer fallthan wheat recropped after wheat. He
added that chickpea, lentil, yellow mustard, saffo and sunflower did not perform well
during periods of below average precipitation.

The preceding crops by wheat varieties intevacthowed no significant effect on all traits
excluding spike length which was declined aftetdyafor both wheat varieties (table 8), with
the exception of spike length. However, no sigaifit interaction between supplementary
irrigation and wheat varieties effect was noticeddll measured traits (table 9). Ghamarnia
and Gowing (2005) realized that in comparison e&¢hwheat cultivars that water deficit
reduced all plant parameters significantly inclgdimumber of tillers, 100-grain weight and
grain yield (Pireivatlou and Yazdansepas, 2008hesE results, however contradicted some
other researchers, who illustrated significantadéhces between wheat cultivars in relation to
supplementary irrigation, Adary and Al-Rasheedy9@%ound that wheat cultivars varied in



their response to supplementary irrigation, theticed that Abu Ghraib 3 cultivar did not
perform well under rainfed or under limited suppéartary irrigation. Their results coincided
with the results of Al-Nori (2005) who referredggnificant differences between Iraqgi wheat
cultivars in response to drought. Daweical., (2004) noticed significant interaction between
nine wheat cultivars including Abu Ghraib 3 and ®h&, with supplement irrigation, for
almost all measured characteristics, and the Shamas superior in grain yield. Khalaf
(2009) also demonstrated that Abu Grai 3 perforimetter than other cultivars as it displayed
the least reduction in growth characters under mdédicit in comparison to those grown
under field capacity. Moayedit al., (2010) referred to significant interaction ofigation
regimes by genotype for number of spikes/mumber of grain/spike, plant height, and 1000-
grain weight. Mollasadeglet al., (2011), also found differences between wheat geastyn
response to water deficit, and the genotype Toopduzed the highest grain yield with both
normal irrigation and with terminal drought.

Similarly the second order interaction (precedargps x varieties x irrigation) was not
significant for all measured traits (table 10).



Table (7): Effect of the preceding crops andpbeimentary irrigation interaction on wheat grgield and yield components.

_ Spike lengtiNumber Weight oiBiological |Straw weighfWeight Harvest |1000-grain Grain yield
Preceding Irrigation (€M) of grain/spikegrain/spike |weight g/n? of index weight ton/ha
crops (@) g/n? grain/nf (%) ()

Fallow 0-1 6.1 17.2¢ 0.5(C 413.40e [243.28e [170.22¢C 41 29.3¢ 1.70 ¢
1-1 6.4¢ 17.9 0.5Z 517.90e |(310.39ci [207.51ct |4C 29.2¢ 2.08 cc
2- 6.82 18.08 0.54 692.67 b 407.77ab 284.89 b 41 |29.78 285D
0-I 3.23 6.53 0.17 57.53 g 35.52 f 22.01e 36 25.48 0.22 e
Barley 1-1 3.66 12.05 0.32 110.33 g 62.86 f 47.47 e 42 0@6. 0.47 e
2- 3.74 11.41 0.31 135.10 g 77.05 f 58.05e 43 426. 0.58 e
Sunflower 0-1 5.8F 20.0( 0.6: 352.57 179.64 « 172.93 « |49 31.5¢ 1.73 ¢
1-I 6.5 20.3: 0.6¢ 477.80e |258.03 cd [219.77 46 32.7: 2.20 «
2- 7.13 20.85 0.69 637.07 bc| 335.82bc 301.25b 47 133.13 3.01b
0-l 5.62 18.64 0.60 418.47 ef| 240.46de 178.01d 42 132.37 1.78 d
Cucumber 1-1 6.49 20.38 0.67 559.03 cd| 285.50cd 273.53b 52 [32.81 2.74 Db
2- 6.96 22.04 0.70 812.23 a 451.84 a 360.39 a 45 | 1.833 3.60 a

Within each character's means followed by the saiphabetical letters do not differ significantly & 0.05)

according to DMRT (1955).




Table (8): Effect of preceding crop and varietigeraction on wheat grain yield and yield compda:

: Spike  |Number Weight oiBiological Straw weight|Weight Harvest 1000-grain |Grain yield
Preceding |\/arieties length  |of grain/spikegrain/spikgweight | g/n? of index weight ton/ha
crops (cm) @) g/nt grain/nf | (%) @)

Fallow Sham 6 . 6.29a |16.57 0.50 545.24 | 320.75 224.50 41 29.96 2.24
Abu Ghraib : 6.66¢ |18.9¢ 0.5t 537.4( |320.2: 217.1¢ 4C 29.0( 2.17
Barley Sham 6 3.74b |(9.14 0.25 94.96 55.39 39.57 41 26.82 0.40
Abu Ghraib 3 3.34b | 10.86 0.28 107.02  61.56 45.46 |40 25.15 0.45
Sunflower |Sham 6 6.33a |20.10 0.67 528.64 | 275.90 252.75 48 33.18 2.53
Abu Ghraib 3 6.68a | 20.69 0.66 449.64  239.76 209.88| 47 31.75 2.10
Cucumber Sham 6 6.37a |17.81 0.59 623.44 | 354.19 269.26 43 33.06 2 69
Abu Ghraib 3 6.34a | 22.90 0.72 569.71 297.68 272.03| 49 31.61 2.72
Means followed by the same alphabetical letteraatdiffer significantly at¢ 0.05) according DMRT (1955)
Table (9): Effect of supplementary irrigation aratigties on wheat grain yield and yield components
Spike lengtiNumber Weight oiBiological  [Straw weight|Weight Harvest 100C-grain |Grain yield
Irrigation Varieties (cm) of grain/spike/grain/spike |weight g/nt of _ index weight ton/ha
(9) g/nt grain/nt (%) Q)
0-| Sham6 5.01 14.17 0.44 312.88 178.12 134.76 42 30.8i 1.3t
Abu Ghraib3 [5.40 17.03 0.51 308.10 171.33 136.77 42 28.5:2 1.37
141 Shamé 5.80 16.62 0.53 449.87 251.32 198.54 44 31.1¢ 1.9¢
Abu Ghraib3 |5.7¢ 18.75 0.56 382.6° 207.0; 175.60 46 29.28 1.76
2l Sham6 6.23 16.93 0.53 581.47 325.22 256.25 43 30.23 2.56
Abu Ghraib3 |6.09 19.26 0.59 557.07 311.02 246.05 44 30.34 2.46




Table (10): Effect of preceding crop, supplementargation and varieties on wheat grain yield gmeld components

Preceding |Irrigation Varieties Spike lengtiNumber Weight ofBiological |Straw weightfWeight Harvest |1000-grain  |Grain yield
crops (cm) of grain/spike |grain/spike (g) |weight g/nf | g/n? of grain/nf |index (%) |weight (g) ton/ha
0l Sham6 5.77 15.63 0.47 417.33 243.89 173.44 42 30.02 1.73
Abu Ghraib 3| 6.48 18.84 0.54 409.47 242.67 166.80 | 0 4 28.75 1.67
Fallow 11 Sham6 6.32 17.01 0.50 534.40 315.36 219.04 41 829.6 2.19
Abu Ghraib 3| 6.65 18.92 0.55 501.40 305.43 19597 | 9 3 28.88 1.96
ol Sham6 6.78 17.09 0.52 684.00 402.99 281.01 41 30.18 |2.81
Abu Ghraib 3| 6.85 19.07 0.56 701.33 412.56 288.77 | 2 4 29.37 2.89
0-1 Sham6 3.33 6.20 0.18 64.00 39.19 24.81 38 28.48 50.2
Abu Ghraib 3| 3.12 6.87 0.16 51.07 31.85 19.21 34 422 0.19
| Sham6 4.02 11.64 0.33 111.47 62.53 48.93 43 27.20 49 0
Barley |1 Abu Ghraib 3| 3.31 12.46 0.31 109.20 63.19 46.01 41 [24.92 0.46
20 Shamé 3.88 9.58 0.25 109.40 64.44 44.96 41 24.78 45 0.
Abu Ghraib 3| 3.60 13.24 0.38 160.80 89.65 71.15 44 28.05 0.71
0-l Sham6 5.55 20.16 0.64 353.53 184.69 168.84 48 31.65 |1.69
Abu Ghraib 3| 6.15 19.85 0.62 351.60 174.59 17701 | 0 5 31.43 1.77
Sunflower " Shamé 6.40 20.03 0.67 543.60 287.04 256.56 47 3363 |257
Abu Ghraib 3| 6.65 20.64 0.66 412.00 229.03 18297 | 4 4 31.80 1.83
ol Sham6 7.03 20.10 0.69 688.80 355.96 332.84 49 34.25 |3.33
Abu Ghraib 3| 7.23 21.60 0.69 585.33 315.68 269.65 | 6 4 32.02 2.70
0-1 Sham6 5.40 14.71 0.49 416.67 244,71 171.96 41 33.33 1.72
Abu Ghraib 3| 5.83 22.58 0.71 420.27 236.21 184.05 | 4 4 31.40 1.84
Cucumber 11 Sham6 6.47 17.78 0.61 610.00 340.36 269.64 44 34.12 |2.70
Abu Ghraib 3| 6.52 22.98 0.72 508.07 230.64 27743 | 9 5 31.50 2.77
o Shamé 7.23 20.94 0.66 843.67 477.49 366.17 44 31.72 |3.66
Abu Ghraib 3| 6.68 23.13 0.74 780.80 426.19 35461 | 6 4 31.93 3.55




References

Adary, A. A. Hachum, T. Oweiand M. Pala. 2002. Wheat productivity under $eimental
irrigation in North Irag. International center foegricultural research in the dry
areas(ICARDA). Research Report Series, No.2.

Adary, A. H. and Al-Rasheedy. 1993. Studies toease wheat productivity Northern Iraq
thought supplementary irrigation. page 87t8%vorkshop on technology transfer in
the production of cereal and legumes. 20-22 sE§83. IPA Agricultural Research
Center, Baghdad, Iraq.

Alam, M.Z. M.S. Rahman, M.E. Haque, M.S. Hoss&mhA.K. Azad, and M.R.H. Khan.
2003. Response of irrigation frequencies and differdoses of N fertilization the
growth and yield of wheat. Pak. J. Biol. Sci. 6 (B}2-734.

Al-Duleimy, B. A., N. H. Aboud and A. H. Numan. @B. Studies of some morphological
characteristics of eight bread whed@ti{icum aestivum L). cultivars. Journal of Tikrit
for Agricultural Science. 3(7):100-110.

Ali, S. A. 2011. Evaluation of five genotypes aunflower Helianthus annuus L.) under
different plant densities. M.Sc. Thesis, Collede Agiricultural. Duhok University .

Al-Nori, M. A. A. 2005. Effect of nitrogen fertitiation and supplementary irrigation on
growth, yield and quality characteristics of sodoeal bread Triticum aestviumL.).
Ph.D. Thesis. College of Agricultural and Fomgstniversity of Mosul. Iraq.

Artoshy, A. M. S.2010. Evaluation of potential dotranspiration by different methods in
semiarid region (Duhok governorate). M.Sc. ThedXollege of Agricultural.
University of Duhok.

Beltrano, J., G. M. Ronco and C. M. Arango. 2006il 8rying and rewatering applied at
three grain developmental stages affect diffeadigtigrowth and grain protein
deposition in wheaflfiticum aestivun L.) . Braz. J. Plant Physiol., 18 (2):341-350

Black, C. R., D. D. Evans, L. E. Ensminger, J. Lhiw/ and F. E. Clark. 1965. Methods of
Soil analysis, Part 1 and 2 Agron. Mono. Am. Sagron. Madison, Wisconsin.

Bogale, A., K. Tesfaye and T. Geleto. 2011. Morplatal and physiological attributes
associated to drought tolerance of Ethiopian dumineat genotypes under water
deficit conditionJournal of Biodiversity and Environmental Scient¢®).22-36

Bremner, J. M. 1965. Nitrogen availability indér.Black, C.A. et al., (eds). Methods of soil
analysis. Am. Soc. Agron. Inc. Agron. Mono. 9. Meh, Wisconsin, USA, pp. 1324-
1325.

Chandrasekaran, B., K. Annaduria and E. Somasanda2010. A text book agronomy.
New Age International. Ltd, publisher, New Delhi.

Cseuz, L. 2009. Possibilities and limits of bregdivheat Triticum aestivum L.) for drought
tolerance. PhD Thesis. Facultynce of Agricultuaald Environmental Science.
Szent Istvan University.

Dawod, K. M., A. H. Ali, and K. S. Ibrahim. 200llomeostasis and genotypic resultant for
cultivars of bread wheat and pathcoefficient lgsia among yield and some of its
components. J. of Iraqi Agricultural Sciences 5(@)82. (In Arabic)

Duncan, D. B. 1955. Multiple ranges and multiplelEsts Biometrics, 11(1): 1-42.



FAO. 2001.Towards Sustainable Agricultural Development inglr&rop production and
protection. FAOSTAT. Database-Bulletin.
http://www.fao.org/docrep/006/Y9870E/y9870e07.htm

Farshadfar, E., V. Rasoli, J. A.Teixeira da Sileémk and M. Farshadfar. 2011. Inheritance
of drought tolerance indicators in bread whéait(cum aestivum L.) using a diallel
technique. AJCS., 5(7):870-878.

Ghamarnia, H. and J.W. Gowing. 2005. Effect of wateess on three wheat cultivars. ICID
21" European Regional Conference, 15-19 May, Frank{@ier) and Slubica,
Germany and Poland.

Gooding, M. J. and W. P. Davies. 1997. Wheat prtdo and utilization: systems, quality
and the environment. CAB International: WallingfotdK.

Ismail, S. M. 1993. Optimal irrigation and whewgteld response to applied water. J. King
Saud Univ. Agri. Sci., 5(1):41-56.

Khalaf, A. A. 2010. Approaches the sealing perfance of local materials for seepage
reduction. Ph. D. Dissertation. College of Agrtové. University of Salahaddin.
Khalaf, A. S. 2009. Wheat grain tyrosinase actiag/ an index of drought resistance. The

Indian Journal of Crop Science. 4(2-1).

Kirkegaard, J., O. Christen, J. Krupinsky and LRyzell. 2008. Break crop benefits in
temperate wheat production. Field Crops Resear¢t86—195.

Kotal, B. D., A. Das, and B. K. Choudhury. 2010.n6tc variability and association of
characters in wheafTfiticum aestivum L.). Asian J. Crop Sci. 2(3):155-160.

Lenssen, A. W., G. D. Johnson and G. R. Carlso0.72Cropping sequence and tillage
system influences annual crop production and wagerin semiarid Montana, USA.
Field Crop Research. 100:32-43.

Lopez-Bellido, R. J., L. Lopez-Bellido , J. B&d-Vega and F. J. Lopez-Bellido. 2007.
Tillage system preceding crop, and nitrogen fertilizerineat crop: I. Soil water
contentAgronomy Journal. American Society of Agronomgl 99:59-65

Lyon, J. D., D. D. Baltensperger, J. M. BlumentHal,A. Burgener and R. M. Harveson.
2004. Eliminating summer fallow reduces winter whggelds, but not necessary
system profitability. Crop Sci. 44:855-860.

Ministry of Agriculture, Kurdistan Regional Goveremt. 2011. Statistical Report, Erbil.

Moayedi, A. A., A. N. Boyce and S. S. Barakbaf@10. The Performance of durum and
bread wheat genotype associated yield and yieldpoaent under different water
deficit condition. Aust. J. Basic and Appl. Sci(13106-113.

Mollasadeghi, V., M. Valizadeh , R. Shahryari akdA. Imani. 2011. Evaluation of end
drought tolerance of 12 wheat genotype by stregises. World Appl. Sci. J., 13 (3):
545-551.

Nand, B., R. P. S. Khokhar and R. Pyare. 2011.i&udn irrigations scheduling of wheat
varieties for centraluttar Pradesh, India. Plardhives 11(1):243-248.

National Committee for Agricultural Varieties Reigation and Release (NCRVRR). 2004.
Ministry of Agriculture-Issue No.3- Iraqi.

Norwood, C. A. 2000. Dryland winter wheat as aféecby previous crops. Agronomy J.,
92:121-127




Olofsson, S. 1993. Influence of preceding crop enag residue on stand and yield of winter
wheat {Triticum aestivum L.), in different tillage systems, including zeiitage. Ph.D.
Thesis .SLU, Department of Crop Teach. Crop ProdncScience Journal. ISSN:
1100-1186.

Page, A.L., R. H. Miller and D.R. Keeney. 1982. htis of Soil Analysis.@ed., Amercen
Society of Agronomy, Madison, WI., USA.

Patel, C. L. and M. V. Patel. 1985. Mottling phersra and quality of grains of different
genotypes of durum wheat grown under limited itilga conditions. Plant and Soil
87:315-318.

Pireivatlou, A. S. and A. Yazdansepas. 2008. Evalnaof Wheat Triticum Aestivum L.)
Genotypes under per-and post-anthesis Droughtsstreaditions. J. Agric. Sci.
Techol. 10:190-121.

Said, A., J. Ahmad and T. Hussaine. 2007. Perfoomaf different wheat genotypes under
environment condition of Peshawar Valley. Sarhadglic., 23(3):546-548.

Saied, J. A., 2004. The response of some durum twiavars to the allelopathic effect of
barley Hordeum distichum L.). J. of Iraqi Agricultural Sciences 5(3):94-10t
Arabic)

Schlegel, A., C. Thompson and T. Dumler. 2008fedf of previous crop on wheat yield.
Southwest Research-Extension Center Report of €se@97. no. 08-288-S

Shao, L., X. Zhang, S. Chen, H. Sun and Z. Wa0@9. Effects of irrigation frequency
under limited irrigation on root water uptake, vielnd water use efficiency of winter
wheat. Irrig. and Drain. 58:393-405.

Sharam, R. C. and E. L. Smith. 1986. Selection ligh and low harvest index in three
winter populations. Crop, Sci. 26:1147-1150.

Tavakkoli, A. R. and T. Y. Owei2004. The role of supplemental irrigation andagéen in
producing beard wheat in the highlands of Iran.i@gVater. Manag., 65:225-236.

Yousif, K. H., 2011. Effect of humic acid, biofdizer (EM-1). And application methods
on growth, flowering and yield of cucumbe&ucumis sativus L.). M. Sc. Thesis .
College of Agricultural. University of Duhok.ovsif, K. H., 2011. Effect of
humic acid, biofertilizer (EM-1). And applicationethods on growth, flowering and
yield of cucumber (Cucumis sativus L.). M. Sc. Tikes College of Agricultural.
University of Duhok.



