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Abstract 

     The experiment was carried out at the farm of the Faculty of Agriculture and Forestry, University  
of Duhok, Kurdistan Region, at Sumail county, for the growing season 2010-2011. A Randomized 
Complete Block Design (RCBD) in spilt-spilt plot arrangement, with  three replications was designed 
including the preceding crops (Fallow, Barley, Sunflower and Cucumber) as the main plot, while the 
two supplement irrigations were allocated as a sub-plot, and the two wheat varieties (Abu Ghraib 3 
and Sham 6) as sub-sub-plot.  The results revealed that fallow land, sunflower and cucumber enhanced 
some traits and the highest values were recorded after cucumber for  biological weight, grain weight 
per square meter and grain yield; which were (596.58 g, 270.64 g and 2.71 ton/ha), respectively.   The 
increment in wheat grain yield after fallow, sunflower and cucumber in comparison with barley was 
413.95%, 437.20% and 530.23%, respectively. 
    The influence of supplementary irrigation was obvious, with the exception of harvest index and 
1000-grain weight; all other traits were increased gradually by irrigation repetition. The increment in 
grain yield due to one and two irrigations was   37.5 and 84.55%, respectively, as compared to non-
irrigation. Abu Ghraib 3 surpassed Sham 6 in the trait of number of grain/spike, it was 18.35 and 
15.91, respectively.  The weight of grain/spike was 0.55 and 0.50g, respectively. 
     The least biological yield was noticed for barley with no irrigation (57.53), while application of two 
irrigations after fallow, sunflower and cucumber exceeded barley with an amount of 1104.59%, 
1007.37%, and 1311.83%, respectively. The ultimate goal for growing wheat is grain yield; therefore 
it was raised after fallow, sunflower and cucumber in comparison to barley with no irrigation by 
1195.45%, 1268.18%, 1536.36 %, respectively.  The results revealed significant interaction on some 
traits; they had no significant effect on grain yield and yield components between the three factors 
while the second order interaction was not significant. 
Key words: supplementary irrigation; preceding crops; Sham 6;  Abu Ghraib 3;fallow. 

 

Introduction 

 Wheat is the most important economic crop in the world; it is used mainly for human 
consumption (65%), animal feed (21%), and industries (14%), (Gooding and Davies, 
1997).Therefore, it is necessary to increase wheat production to compensate the increase food 
supply to keep pace with growing world population. Drought is one of the most important 
abiotic stress that globally limit crop production on more than 26% of the world's arable land, 
and create huge variations in grain yield in the cultivated areas (Cseuz, 2009). 

   Although water availability is a major limiting factor in wheat production, the cultivars 
shows variable response to their resistance to drought conditions. Therefore, enhancing wheat 



  

 

productivity can be achieved by supplementary irrigation during the critical stage of wheat 
growth. The most area of wheat production in Iraqi Kurdistan region located, under rainfed 
conditions, usually of low yield and the annual production is fluctuating as the water 
availability is the major constraint limiting agricultural development (Adary et al., 2002). 

     The irregular precipitation and distribution lead to fluctuation in wheat production and 
productivity. The total area cultivated with wheat in Kurdistan region for the growing season 
2011 was 650309.5 ha. The yield was 498751 tons, then productivity was 0.767 ton/ha 
(Ministry of Agriculture, Kurdistan Region, 2011). Fourteen years   average  yield  of  wheat  
in Iraq   was (0.727 ton/ha),  while  the  average  yield  of  wheat  for  the  three  Kurdistan 
governorates (Erbil, Sulaimani, and  Duhok) was  0.839 ton/ha  (FAO, 2001).  On the other 
hand, the farming system has also its influence on wheat production. Summer fallow is 
commonly used to stabilize wheat production, but summer fallow results in soil degradation, 
limits farm productivity and profitability, and stores soil water inefficiently. The mean 
precipitation storage efficiency was 29%. Therefore, fallowing is not a useful tool for 
increasing water availability (López-Bellido et al., 2007). 

 Changes in the sequence of crops grown on agricultural land are well known to enhance the 
yield of grain crops such as wheat. A survey of the literature gathered from around the world 
shows mean yield benefits of up to 20% or more. The review summarizes current 
understanding of the ‘better-known’ mechanisms of crop rotation, and discusses other 
mechanisms (e.g. changes in rhizosphere biology, allelopathy or soil structure) that may help 
to account fully for the rotation benefits that have been observed by agricultural producers for 
more than 2000 years (Kirkegaard et al., 2008). 

      In respect to wheat cultivars, a significant genetic variation was observed for the   
agronomic and physiological traits investigated by “Farshadfar et al., 2011” in their study 
under rainfed and irrigated condition including parents and their hybrids. According to the 
preview, the present research work was designed to investigate the influence of the preceding 
farming system, supplementary irrigation on yield and its components of two bread wheat 
cultivars.  

Materials and Methods 

The experiment was carried out  at the  farm of the Faculty   of Agriculture and Forestry, 
University  of  Duhok, Kurdistan Region, at Sumail county, which is located 15 km west 
Duhok City, at latitude 36°.84" N, and longitude 40°.01" E and  elevation of approximately  
583 masl, during the  winter season  2010-2011. The experiment was established in a soil 
classified as vertisol, silty clay in texture of semi arid climatic condition, with pH (7.8) 
organic matter (1.48%) (Artoshy, 2010), with different preceding crops which were 
considered one of the experiment factor.   

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



  

 

While for sunflower the field was ploughed twice during winter season of 2009-2010, and 
sunflower seeds were sown on April 26th, 2010 Field irrigation was based on plants 
requirement, weeds were controlled manually by hand. On 17th of June the field was fertilized 
with nitrogen and phosphor (18% N and 23% P); fertilizers were applied at a rate of 320 
kg/ha, banded little above the bottom of the rows (Ali, 2011). 

     Finally during winter months of 2010 another part of the field was ploughed twice with   
mouldboard plow, and planted with cucumber (Cucumis sativa L.). On April 17th, 2010, the 
fertilization process was conducted by addition of 280 kg/ha of Urea, with 129 kg/ha of   
phosphate during the season as two intervals the first after four weeks from planting, and the 
second after one month of the first   (Yousif, 2011). 

      The land of the above preceding crops was prepared for growing wheat; it was ploughed 
twice, first in October 20th, 2010 with mouldboard plow, and for the second time it was 
ploughed in December 19th, 2010 with one way disc plow perpendicular to the first one. Two 
varieties of wheat, Abu Ghraib 3, from Ninevah Agricultural Research Station, and Sham 6 
from Duhok Agricultural Research Station, the purity was 98% and 97%, and the germination 
was 99% and 98% for Sham 6, and Abu Ghraib 3,  respectively. And the 1000-grain weight 
was 27.22 g, and 22.37 g for Sham 6, and Abu Ghraib 3, respectively. The seeding rate was 
adjusted on the basis of 120 Kg/ha for Abu Graib 3, to achieve 500.67 grain/ row of four 
meter length, this was corresponded to 146 Kg/ha  for Sham 6 to achieve 500.67 grain / rows, 
and sowing on December 19th,  2010.    

   Abu Ghraib 3, recommended growing under irrigation and dry farming condition   of 
assured and semi assured annual rainfall. Lodging and rust resistance, respond to NP 
fertilization, suitable for bread, it is of moderate maturity and of high productivity. Abu 
Ghraib 3 is cross of [ Ajeba (introduced from India ) × Inia 66 (introduced   from Mexico ) × 
Mexico 24]. Sham 6, was introduced from ICARDA, Aleppo, Syria is a spring variety, 
suitable for irrigated area, and lodging and disease resistance (NCAVRR, 2004).

      Random soil samples were collected depending on preceding  crops, at two depths  of (0-
20 and 20-40 cm, it was  prepared  for some physical and chemical characteristics , as shown 
in table (1) which were measured at the  laboratory of  Soil and Water Science  Department.     
The soil characteristics were determined according to Page et al. (1982). Soil extract of 1:1 
was used for measuring soil pH using pH meter and potassium by flame photometer 
instrument. Total nitrogen was measured by Micro-Kjeldhal instrument (Bremner, 1965). 

 

 

 

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

Soil characters  Average value 



  

 

 

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

The climatically information represented in table (2). 

 

 

 

 

 

 

 

 

 

 

Particle size distribution 

Sand g/Kg 84 

Silt g/Kg 414.0 

Clay g/Kg 501.0 

 

Bulk density Mg/m3 1.43 

Moisture content  at field capacity (-33kKpa) 29.4% 

Moisture content  at  wilting point  (-1500kKpa) 18.25% 

Electrical conductivity ds m-1 0.397 

 

Fallow Barley Sunflower Cucumber 

Soil depth (cm) Soil depth (cm) Soil depth (cm) Soil 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 (%) 1.41 1.43 1.51 1.01 1.38 1.02 1.17 1.48 

Available Nitrogen (%) 0.011 0.012 0.005 0.005 0.007 0.005 0.030 0.010 

Available phosphorous 
(mg.Kg-1) 

5.87 5.49 5.00 4.59 10.85 8.48 6.70 5.39 

Soluble Potassium  (mmol 
L-1) 

0.65 0.61 0.67 1.29 1.39 0.94 0.74 0.60 



  

 

Table (2):  Monthly average temperature, atmospheric relative humidity and rainfall during the study 
season (2010-2011). 

Season 2010-2011 

 
 Monthly average  
temperature °C 

Monthly average  atmospheric 
relative humidity (%) 

Monthly average  
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 Agriculture and Forestry, University of  Duhok. 

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

   While the second irrigation was applied   on May 5th, 2011 at anthesis stage. The amount of 
water required was determined according to (Chandrasekaran et al.,2010). 

d    

 = net irrigation  water to be  applied ( cm).  

= moisture  contain percentage at field capacity in 30cm  layer (29.4%)(Khalaf, 2010). 

=  moisture  contain percentage before irrigation in 30cm layer. 

 = Bulk density (1.43 Mg/m3 ) at 30cm layer. 

 = depth (cm) of the soil layer. 

 

Q = amount  of water need to irrigate until field capacity (m3). 



  

 

A  = plot area (5.6 m2). 

d = depth of supplement irrigation (m) 

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

The amount of added water was represented in table (3). 

The experiment was designed as Randomized Complete Block Design   (RCBD) in spilt-spilt 
plot arrangement, with three replications. The land divided into three blocks, (each of 24 

plots), the experiment unit was 1.4×4 m (5.6 m2). The main plot was assigned for the 
preceding crops, the two supplement irrigations were allocated as a sub-plot, while the two 
wheat varieties allocated as sub-sub-plot. The blocks were 2m apart from each other, while 
the distance between plots was 1.5 m apart, between each sub-plots 0.5m, which consists of 
six rows of 4m length, and 0.2m between lines. Wheat yield and yield components comprised, 
spike length (cm) excluding awn, number of grain/spike, weight of grain (g)/spike, above 
ground biomass g/m2, ( ), weight of grain/m2, harvest  

index  , according  to, Sharma and Smith (1986), 1000-grain 

weight (g), grain yield ton/ha.  

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

Results and Discussion 
   The results shown in table (4) revealed that barley in general has the most deleterious effect 
on all studied traits, including (spike length, number of grain/spike, weight of grain/spike, 
biological yield, straw weight, weight of grain/m2, harvest index, 1000-grain weight and grain 
yield/ha).  Sunflower resembles cucumber in its effect on spike length, number of grain/spike, 
weight of grain / spike, straw weight/m2, harvest index and 1000 grain weight. 

Table (3): Amount of water added as supplementary irrigation. 

 

1st  irrigation 2nd irrigation 

Moisture 
content 
(%) 

Added 
water 
(liter)/plot 

Correspond  
to rain fall 
(mm) 

Moisture 
content 
(%) 

Added 
water   
(liter)/plot 

Correspond 
to rain fall 
(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 



  

 

    While cucumber gave higher value than all other systems, in biological weight, grain 
weight/m2 and grain yield; which were (596.58 g, 270.64 g and 2.71 ton/ha), respectively. The 
increment in wheat grain yield succeeded fallow, sunflower and cucumber in comparison with 
barley was 413.95%, 437.20% and 530.23%, respectively.The enhancement after fallow, 
sunflower and cucumber was attributed to the benefit from the fertilization of these crops 
which improved soil fertility as it is shown in soil analysis in table (1). 
   Similar results have been noticed by Olofsson (1993) who stated that when the preceding  
crops were cereals including barley, they resulted in  a significant reduction in wheat yield. 
Moreover, the passiveness effect of barley was attributed to its allelopathic effect on durum 
wheat according to Saied (2004) who found that barley residues reduced wheat plant height, 
root length and the dry weight. 
    The moisture that conserved after fallowing or during growing these summer crops 
(sunflower and cucumber) might have some beneficial effects on subsequent grown wheat. 
This was confirmed by Lyon et al., (2004) who found that sunflower has a positive effect on 
the subsequent grown wheat. Norwood (2000) reported that sunflower and soybean caused 
reductions in subsequent wheat yield and this was also confirmed by Schlegel et al., (2008) 
who noticed that wheat yield was higher after fallow rotation than after sunflower. The 
influence of supplementary irrigation was significant, with the exception of harvest index and 
1000 grain weight; all other traits including grain yield and its components were increased 
progressively by irrigation frequency.

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

Preceding 
crops 

Spike 
length 
(cm) 

Number 
of 
grain/spike 

Weight of 
grain/spike  
(g) 

Biological 
weight  
g/m2 

Straw 
weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain 
yield  
ton/ha 

Fallow 6.48 a 17.76 a 0.52 b 541.32ab 320.48 a 220.84 b 41 29.48 b 2.21 b 

Barley 3.54 b 10.00 b 0.27 c 100.99 c 58.48  b 42.51 c 40 25.99 c 0.43 c 

Sunflower 6.50 a 20.40 a 0.66 a 489.14 b 257.83 a 231.31 b 47 32.46 a 2.31 b 

Cucumber 6.36 a 20.35 a 0.66 a 596.58 a 325.93 a 270.64 a 46 32.33 a 2.71 a 

Within each character's means followed by the same alphabetical letters do not differ significantly at (α 0.05) 
according to DMRT (1955). 

   
Table (5) shows an enhancement in the spike length due to one and two irrigation was 11.34% 
and 18.46%; while it was 13.33% and 15.96% for number of grain/spike; 12.5% and 16.66% 
for grain weight/spike; 34.06% and 83.34% for biological yield/m2; 31.17% and 82.06% for 
weight of straw/m2; 37.78% and 84.98% for grain weight/m2; 37.5% and 84.55% for grain 
yield, respectively. 
    The results indicated clearly that irrigation has a substantial role in grain weight 
accumulation more than the other characters; it was almost doubled with two irrigations 
compared to single irrigation.  Such beneficial effect of supplement irrigation on wheat was in 
harmony with the results of numerous researchers, Patel and Patel, 1985; Ismail, 1993; Adary 
et al., (2002) who illustrated that wheat productivity greatly increased by supplementing small 
amount as much (68 mm) of irrigation, and others (Alam et al., 2003; Tavakkoli and Oweis, 



  

 

2004; Nand et al., 2011). The interpretation of beneficial effect of supplement irrigation is a 
way to compensate the soil water loss due transpiration and to release the water stress on 
plants in case of insufficient rainfall (Shao et al., 2009). 
   Beltrano et al., (2006) attributed the reduction in grain dry mass of wheat due to water stress 
to decrease in the grain filling period, which imposed at the watery ripe stage reduced not 
only the linear growth phase but also its slope, ultimately it reduced grain number/spike, 
1000-grain weight.  The water deficient influence on physiological activity of plant through 
various aspects, water deficient significantly affected gas exchange and it reduced the net 
photosynthesis rate, transpiration rate and stomata conductance at anthesis and grain filling 
stages (Bogale et al., 2011). Wheat varieties were differed significantly in term of grain yield 
and yield components. The results displayed in table (6) show no significant difference 
between the two cultivars for the traits; spike length, straw weight/m2; grain weight/m2, 
harvest index and grain yield; Abu Ghraib 3 surpassed Sham 6 in the trait of number of 
grain/spike, it was 18.35 and 15.91; while the weight of grain/spike was 0.55 and 0.50 g, 
respectively. The reverse was true for the biological weight and 1000-grain weight, it was 
higher in Sham 6, it was 448.07 and 415.94; 30.75 and 29.38 for both traits and both cultivars, 
respectively. 
Table (5): Effect of supplementary irrigation on wheat grain yield and yield components. 

Within each character's means followed by the same alphabetical letters do not differ significantly at (α 0.05) 
according to DMRT (1955). 

 
 
0-I- denotes to no irrigation (rainfall only), 1-I denotes to one irrigation , and 2-I denotes to 
two irrigation. In addition to rainfall.
The differences between wheat cultivars might be due to their genetic potential, Adary and 
Al-Rasheedy (1993) noticed that Abu Ghraib 3 cultivar did not perform well under rainfed or 
under limited supplementary irrigation. Similarly, Al-Duleimy et al., (2003) referred to 
significant differences between seven wheat cultivars including Abu Ghraib 3 in most traits. 
     However, Khalaf (2009) demonstrated that Abu Ghraib 3 performed better than other 
wheat cultivars as it displayed least reduction in growth characters under water deficit in 
comparison to those grown under field capacity. Such  differences  between wheat cultivars 
has been  reported by other researchers, (Said et al., 2007; Kotal et al., 2010). 
 
 
 
 
 
 

Irrigation 
Spike 
length 
(cm) 

Number 
of 
grain/spike 

Weight of 
grain/spike  
(g) 

Biological 
weight  
g/m2 

Straw 
weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain 
yield  
ton/ha 

0-I 5.20 c 15.60 b 0.48 b 310.49 c 174.73 c 135.77 c 42 29.69 1.36 c 
1-I 5.79 b 17.68 a 0.54 a 416.27 b 229.20 b 187.07 b 45 30.22 1.87 b 
2-I 6.16 a 18.09 a 0.56 a 569.27 a 318.12 a 251.15 a 44 30.29 2.51 a 



  

 

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

Varieties 
Spike 
length 
(cm) 

Number 
of 
grain/spike 

Weight of 
grain/spike  
(g) 

Biological 
weight  
g/m2 

Straw 
weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain 
yield  
ton/ha 

Sham 6 5.68 15.91 b 0.50 b 448.07 a 251.5 196.52 43 30.75 a 1.97  

Abu Ghraib 
3 

5.76 18.35 a 0.55 a 415.94 b 229.8 186.14 44 29.38 b 1.86 

Within  each character's means followed by the  same alphabetical letters do not differ significantly at (α 0.05) 
according to DMRT (1955).   
 

Table (7) show that no significant influenced of preceding crops and supplementary irrigation 
with the exception of biological yield, straw and grain yield/m2. With the exception of 
biological yield, straw and grain yield/m2 and grain yield ton/ha.; all other traits were not 
influenced significantly by this interaction. 
    The least biological yield was noticed for barley with no irrigation (57.53), while 
application of two irrigations after fallow, sunflower and cucumber exceeded barley with an 
amount of 1104.59%, 1007.37%, and 1311.83%, respectively. Similarly the least value for 
straw and grain yield/m2 was recorded for   barley with no irrigation, but the highest was for 
cucumber with two irrigations.  The ultimate goal for growing wheat is grain yield; therefore 
it was raised after fallow, sunflower and cucumber in comparison to barley with no irrigation 
by 1195.45%, 1268.18%, and 1536.36%, respectively.                                                                 
       Numerous reviews have  focused on the effect of the interaction of preceding crops  with 
tillage system on subsequent wheat growth and yield, but not much  was available on 
preceding crops with supplementary irrigation. However, the interpretation for the effect of 
preceding crops with supplement irrigation could be due to the beneficial from the residual 
soil moisture and nutrients from the previous crops to be utilized in the growth of the 
subsequent crops and this beneficial effect was maximized by supplementary irrigation. 
  The effect of preceding crops with irrigation have also been cited by other researchers 
“López-Bellido et al., 2007” denoted to higher soil water for rotation with sunflower and 
fallow.  Lenssen et al., (2007) found that pre-plant soil water, water use and spring wheat 
yield were generally greater following summer fallow than wheat recropped after wheat. He 
added that chickpea, lentil, yellow mustard, safflower and sunflower did not perform well 
during periods of below average precipitation. 
    The preceding crops by wheat varieties interaction showed  no significant effect on all traits 
excluding spike length which was declined after barley for both wheat varieties (table 8), with 
the exception of  spike length. However, no significant interaction between supplementary 
irrigation and wheat varieties effect was noticed for all measured traits (table 9).  Ghamarnia 
and Gowing (2005) realized that in comparison of three wheat cultivars that water deficit 
reduced all plant parameters significantly including number of tillers, 100-grain weight and 
grain yield (Pireivatlou and Yazdansepas, 2008).  These results, however contradicted some 
other researchers, who illustrated significant differences between wheat cultivars in relation to 
supplementary irrigation, Adary and Al-Rasheedy (1993) found that wheat cultivars varied in 



  

 

their response to supplementary irrigation, they noticed that Abu Ghraib 3 cultivar did not 
perform well under rainfed or under limited supplementary irrigation. Their results coincided 
with the results of Al-Nori (2005) who referred to significant differences between Iraqi wheat 
cultivars in response to drought. Dawod et al., (2004) noticed significant interaction between 
nine wheat cultivars including Abu Ghraib 3 and Sham 6, with supplement irrigation, for 
almost all measured characteristics, and the Sham 6 was superior in grain yield.  Khalaf 
(2009) also demonstrated that Abu Grai 3 performed better than other cultivars as it displayed 
the least reduction in growth characters under water deficit in comparison to those grown 
under field capacity. Moayedi et al., (2010) referred to significant interaction of irrigation 
regimes by genotype for number of spikes/m2, number of grain/spike, plant height, and 1000-
grain weight.  Mollasadeghi et al., (2011), also found differences between wheat genotypes in 
response to water deficit, and the genotype Toops produced the highest grain yield with both 
normal irrigation and with terminal drought. 

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



  

 

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

Within each character's means followed by the same alphabetical letters do not differ significantly at (α 0.05) according to DMRT (1955).

Preceding 
crops 

Irrigation 

Spike length 
(cm) 

Number 
of grain/spike 

Weight of 
grain/spike  
(g) 

Biological 
weight  
g/m2 

Straw weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain yield  
ton/ha 

Fallow 
 

0-I 6.13 17.23 0.50 413.40 ef 243.28 ed 170.12 d 41 29.39 1.70 d 
1-I 6.48 17.97 0.52 517.90 ed 310.39 cd 207.51cd 40 29.28 2.08 cd 
2-I 6.82 18.08 0.54 692.67 b 407.77 ab 284.89 b 41 29.78 2.85 b 

Barley 
0-I 3.23 6.53 0.17 57.53 g 35.52 f 22.01 e 36 25.48 0.22 e 
1-I 3.66 12.05 0.32 110.33 g 62.86 f 47.47 e 42 26.06 0.47 e 
2-I 3.74 11.41 0.31 135.10 g 77.05 f 58.05 e 43 26.42 0.58 e 

Sunflower 
 

0-I 5.85 20.00 0.63 352.57 f 179.64 e 172.93  d 49 31.54 1.73 d 
1-I 6.53 20.33 0.66 477.80 ed 258.03 cde 219.77 c 46 32.72 2.20 c 
2-I 7.13 20.85 0.69 637.07 bc 335.82 bc 301.25 b 47 33.13 3.01 b 

 
Cucumber 

0-I 5.62 18.64 0.60 418.47 ef 240.46 de 178.01 d 42 32.37 1.78 d 
1-I 6.49 20.38 0.67 559.03 cd 285.50 cd 273.53 b 52 32.81 2.74 b 
2-I 6.96 22.04 0.70 812.23 a 451.84 a 360.39 a 45 31.83 3.60 a 



  

 

Table (8): Effect of  preceding crop and varieties interaction on wheat grain yield and yield components. 

Preceding 
crops 

 
Varieties 

Spike 
length 
(cm) 

Number 
of grain/spike 

Weight of 
grain/spike 
(g) 

Biological 
weight  
g/m2 

Straw weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain yield  
ton/ha 

Fallow 
Sham 6 6.29 a 16.57 0.50 545.24 320.75 224.50  41 29.96 2.24 
Abu Ghraib 3 6.66 a 18.94 0.55 537.40 320.22 217.18  40 29.00 2.17 

Barley 
Sham 6 3.74 b 9.14 0.25 94.96 55.39 39.57  41 26.82 0.40 
Abu Ghraib 3 3.34 b 10.86 0.28 107.02 61.56 45.46  40 25.15 0.45 

Sunflower 
 

Sham 6 6.33 a 20.10 0.67 528.64 275.90 252.75  48 33.18 2.53 
Abu Ghraib 3 6.68 a 20.69 0.66 449.64 239.76 209.88  47 31.75 2.10 

Cucumber 
Sham 6 6.37 a 17.81 0.59 623.44 354.19 269.26  43 33.06 2.69 
Abu Ghraib 3 6.34 a 22.90 0.72 569.71 297.68 272.03  49 31.61 2.72 

Means followed by the same alphabetical letters do not differ significantly at (α 0.05) according DMRT (1955)  

Table (9): Effect of supplementary irrigation and varieties on wheat grain yield and yield components 

Irrigation 

 
Varieties 

Spike length 
(cm) 

Number 
of grain/spike 

Weight of 
grain/spike  
(g) 

Biological 
weight  
g/m2 

Straw weight 
 g/m2 

Weight  
of  
grain/m2 

Harvest  
index 
 (%) 

1000-grain 
weight 
  (g) 

Grain yield  
ton/ha 

0-I 
Sham6 5.01 14.17 0.44 312.88 178.12 134.76  42 30.87 1.35 
Abu Ghraib3 5.40 17.03 0.51 308.10 171.33 136.77  42 28.52 1.37 

1-I 
Sham6 5.80 16.62 0.53 449.87 251.32 198.54  44 31.16 1.99 
Abu Ghraib3 5.78 18.75 0.56 382.67 207.07 175.60  46 29.28 1.76 

2-I 
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, supplementary irrigation and varieties on wheat grain yield and yield components 

Preceding 
crops 

Irrigation Varieties Spike length 
(cm) 

Number 
of grain/spike 

Weight of 
grain/spike (g) 

Biological 
weight g/m2 

Straw weight 
 g/m2 

Weight  
of grain/m2 

Harvest  
index (%) 

1000-grain 
weight (g) 

Grain yield  
ton/ha 

Fallow 
 

0-I 
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 40 28.75 1.67 

1-I 
Sham6 6.32 17.01 0.50 534.40 315.36 219.04  41 29.68 2.19 
Abu Ghraib 3 6.65 18.92 0.55 501.40 305.43 195.97 39 28.88 1.96 

2-I 
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 42 29.37 2.89 

Barley 

0-I 
Sham6 3.33 6.20 0.18 64.00 39.19 24.81 38 28.48 0.25 
Abu Ghraib 3 3.12 6.87 0.16 51.07 31.85 19.21 34 22.48 0.19 

1-I 
Sham6 4.02 11.64 0.33 111.47 62.53 48.93 43 27.20 0.49 
Abu Ghraib 3 3.31 12.46 0.31 109.20 63.19 46.01 41 24.92 0.46 

2-I 
Sham6 3.88 9.58 0.25 109.40 64.44 44.96 41 24.78 0.45 
Abu Ghraib 3 3.60 13.24 0.38 160.80 89.65 71.15 44 28.05 0.71 

Sunflower 
 
 

0-I 
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 0.62 351.60 174.59 177.01 50 31.43 1.77 

1-I 
Sham6 6.40 20.03 0.67 543.60 287.04 256.56 47 33.63 2.57 
Abu Ghraib 3 6.65 20.64 0.66 412.00 229.03 182.97 44 31.80 1.83 

2-I 
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 46 32.02 2.70 

Cucumber 
 

0-I 
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 44 31.40 1.84 

1-I 
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 0.72 508.07 230.64 277.43 59 31.50 2.77 

2-I 
Sham6 7.23 20.94 0.66 843.67 477.49 366.17 44 31.72 3.66 
Abu Ghraib 3 6.68 23.13 0.74 780.80 426.19 354.61 46 31.93 3.55 
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