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ABSTRACT 
 

Three irrigation water regimes for wheat cv Bro bread, viz. 100%, 80% and 60% ETc were used over three successive 
seasons (2009/10, 2010/11 and  2011/12) at the Agricultural and Veterinary Research Station of King Faisal University  using a 
randomized complete block design with three replicates. Data were collected on different parameters pertaining to crop 
agronomic and yield attributes viz. plant population and height, number of tillers, leaf area index (LAI), number of spikelets and 
grains/spike, 1000-grains weight, harvest index (HI) and total grain yield; as well as water use efficiency (WUE). Obtained 
results revealed that, watering regime of 60% ETc was statistically (P ≤ 0.05) inferior in terms of almost all the prescribed 
parameters. 100% and 80% ETc watering regimes were statistically similar in comparison to their corresponding treatments in all 
seasons. In addition, the obtained results showed that averaged of watering regime viz. 100, 80 and 60% ETc were 2.90, 2.73 
and 2.03 t/ha, respectively. WUE was recorded the highest values (0.42) at 80% ETc watering regime, whereas the lowest (0.36) 
at 100% ETc.       
Keywords: irrigation regime, wheat, ETc, water use efficiency, growth, yield. 
 

INTRODUCTION 
 

Understanding the effects of water stress on yield 
formation is essential for planning irrigation and other 
mitigation strategies in arid and semiarid areas 
(Wakchaure et al., 2016). FAO (1995) mentioned that 
yield could be a product of three factors viz. usable 
water (available at the top 900 mm of soil), WUE and 
harvest index (HI). Saeed et al. (1990) stated that 
information on water requirement of crops is necessary 
for designing irrigation systems and proper management 
of water supply. However, it's difficult to match supplies 
exactly to reasonable demands of crop. Farah (1995) 
reported that saving of water without harming wheat 
yield and quality can be achieved, and that varietal 
response differences of wheat to irrigation regimes exist 
to fill the yield gaps. However, Farah et al. (1995) stated 
that reduction in grain yield of wheat was an inevitable 
outcome of the negative effect of excessive water 
deficiency on the major yield components. Water stress 
at any stage is detrimental but there are specific critical 
stages during which the negative effect is more 
pronounced. Jamal et al. (1996) stated that grain yield of 
wheat was significantly reduced by water stress at all 
stages of growth. Whilst, Elnadi (1969) concluded that 
flowering, grain filling and maturation stages are more 
sensitive to drought than the vegetative stage. Yield 
attributes were found to be influenced by moisture 
regime (Reddy and Bhardwaj 1983). Irrigation 
scheduling has a direct effect on wheat grain yield. 
Ahmed et al. (1989) stated that crop yield in Gezira, was 
reduced significantly when the crop was stressed at the 
booting stage. Satisfactory yields, not far below the 
optimum figures, could be obtained using about two-
thirds or three-quarters of ETc. Conversely, water 
application for excess of evapotranspiration may result 
in poor yields. Clemmens (1987) found that in general, 
yield response to over – or under irrigation was not 
linear. Large deficits or over applications were found to 
have proportionally large impacts on yields. Water use 
efficiency (WUE) is the function of grain produced/unit 
of water utilized by the plant (Elnadi 1969; Singh 1979 
and Rahman et al. 1981). WUE was found to decrease 

with increased amounts of irrigation water (Babu and 
Singh 1984). WUE can be increased either by increasing 
yield with a given amount of irrigation water, or by 
securing a given yield with less irrigation water (Prihar 
et al. 1978). Onyibe (2005) reported that the increase of 
irrigation regime from 60 to 90% Available Soil 
Moisture did not significantly affect most of the growth, 
yield and yield parameters evaluated in the study. Each 
increase in irrigation regime however increased days to 
maturity, water use and thermal time but decreased 
water use efficiency. The exposure of plants to drought 
stress leads to a noticeable decrease in transpiration rate, 
stomatal conductance, leaf relative water contents, 
nitrogen use efficiency and yield of wheat. Moreover, 
increasing drought stress water uptake capacity was 
increased and significant decrease was bringing about by 
nitrogen application (Akram et al., 2014). Shrief and 
Abd El-Mohsen (2015) found that highly significant 
differences in irrigation treatments of wheat plants 
effects on grain, biological and protein yields ha-1, 
protein content (%), harvest index and water use 
efficiency. Grain, protein and biological yields were 
significantly increased due to the volume of irrigation 
water increased. Moreover, grain yield and its 
components significantly declined due to water deficit. 
Wakchaure et al. (2016) stated that maximum grain 
yield 6513.33 (kg ha-1) could be produced with 
maximum water use efficiency of 0.73 kg m-3. This 
amount of production was achieved with maximum 
water use efficiency with irrigation intervals set every 10 
days.  

The objective of this study was to identify the most 
suitable irrigation regime to attain maximum possible 
growth, yield and its attributes of wheat under Alhasa 
conditions.                    

 

MATERIALS AND METHODS 
 

Local wheat seeds, obtained from market, were 
cultivated for three successive seasons (2009/10, 
2010/11 and 2011/12) at the Agricultural and Veterinary 
Research Station of King Faisal University. A 
randomized complete block design with three replicates 
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was used. Three irrigation regimes based on crop 
evapotranspiration (ETc%) assigned as 100%, 80% and 
60% ETc were used. The experimental units (plots) 
were 4.5 × 6.0 m each.  

A set of 90oV–notch weirs was used to measure 
the required watering regimes (ETc%) assigned for each 
plot. Excluding the first conventional irrigation, seven 
irrigations were needed each season. The volume (V) of 
water assigned for each plot, and the time (t) needed to 
apply that volume through the weir was calculated as 
follows:  
Q =    0.0138 H5/2 …………...……. (1) 
V =    Kc. ETo. I . A   …….…………(2) 

1000. e  (Kc. ETo  = ETc) 
t  =     V . 1000       ………………… (3) 
                                         Q. 60 
Where:  
Q = discharge of weir (ℓ/Sec)  
H = head of water over the notch (cm)  
V=total volume of water applied/irrigation to a 

prescribed experimental unit (m3)  
Kc = crop coefficient. 
ETo = daily reference crop evapotranspiration (mm/day) 
ETc = daily total crop evapotranspiration (mm/day). 
I = irrigation interval (14 days)  
A = area of experimental unit (m2) 
e = irrigation efficiency (%)  
t = time needed to apply the pre-mentioned total volume 
of water to a prescribed experimental unit (min).  

All calculations pertaining to water measurement 
and application were carried out according to the 
methods described by Doorenbos and Pruitt (1977).   

Plant population/m2 and height, number of tillers, 
leaf area index (LAI), number of spikelets and 
grains/spike, 1000-grains weight, harvest index (HI), 
total grain yield and water use efficiency (WUE) were 
the major variables assessed and processed in this study.  

The collected data were statistically analyzed 
according to the technique of Analysis of Variance 
(AOV) as methods described by Gomez and Gomez 
(1984). 
 

 
 
 

RESULTS AND DISCUSSION 
Results: 

Maximum values of plant population/m2 at 
harvest, number of tillers/plant, and plant height at 
harvest were obtained with 100% ETc watering regime 
at 5% level of probability in all seasons (Table 1). Mean 
and maximum values pertaining to the pre-mentioned 
parameters were; 321.8 and 339.8 plant/m2 at harvest; 
1.34 and 1.72 tiller/plant; as well as 68.5 cm and 72.4 
cm averaged over all seasons, respectively. However, in 
2010/11 and 2011/12 seasons, plant heights at harvest 
obtained from both 100% and 80% ETc watering 
regimes were statistically (P ≤ 0.05) similar. With 
respect to LAI, maximum values were obtained from 
both 100% and 80% ETc watering regimes which were 
statistically (P ≤ 0.05) similar, and that mean and 
maximum values were 1.61 and 1.76 averaged over the 
two seasons, respectively. On the other hand, when 
number of tillers was assessed on per area basis 
(heads/m2), the 100% and 80% ETc watering regimes 
were statistically (P ≤ 0.05) similar and superior in 
2009/10 and 2010/11 seasons, with a mean maximum 
value of 553.30 tillers/m2. 

In this study, watering regimes were found to 
have significant (P ≤ 0.05) effect on yield and its 
components (Table 2) such that, the 100% and 80% ETc 
watering regimes were superior to the 60 % ETc regime 
in terms of number of spikelets/spike, number of 
grains/spike, 1000-grains weight (g), HI, and total grain 
yield (t/ha) in all seasons. However, 100 % and 80% 
watering regimes were found statistically (P ≤ 0.05) 
similar with respect to number of spikelets/spike, 1000-
grains weight (g), HI, and total grain yield (t/ha) in all 
seasons, with mean and maximum values of; 13.02 and 
13.69; 33.37 g and 34.97g; 38.80 and 40.64; as well as 
2.55 t/ha and 2.81 t/ha, averaged over all seasons, 
respectively. On the other hand, mean and maximum 
values of number of grains/spike were 26.42 and 28.67 
averaged over all seasons, respectively. Regarding 
WUE, data in Table 2 revealed that there is no 
significant differences between the examined watering 
regime. The 80% ETc watering regime recorded the best 
values in WUE whereas 60% ETc came in the second 
rank. 

 

Table (1): Effect of watering regimes on growth components of wheat.   

Watering regime (ETc %) Plant population at harvest/m2 Plant height at harvest (cm) 
Leaf area 

index 
 (LAI) 

No. of 
tillers/ 
plant 

No .of 
tillers/m2 

2009/10 Season 
100% 347.90a 

331.10b 
295.60c 

75.18a 1.87a 1.66a 545.10a 
80% 72.04b 1.77a 1.49ab 541.10a 
60% 64.27c 1.39b 1.34b 462.60b 

       
2010/11 Season 

100% 330.00a 
320.00a 
285.70b 

70.99a 1.67a 1.70a 554.80a 
80% 68.84a 1.57a 1.43ab 572.20a 
60% 62.82a 1.21b 1.10c 447.20b 

       
2011/12 Season 

100% 341.40a 
331.10ab 
313.90b 

71.02a 1.85a 1.80a 352.60 a 
80% 70.64a 1.84a 0.85b 359.40 a 
60% 60.93b 1.49b 0.65b 333.50 a 

*Values having the same litter(s) in the same column is (are) statistically similar at 5% level of probability. 
 



J.Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 7 (9), September, 2016 

 667  

Table (2): Effect of watering regime on yield components and water use efficiency (WUE, kg/m3) of wheat. 
Watering regime        
(ETc%) 

No. of 
spikelets /spike 

No. of grains/ 
spike 

1000-grains 
weight (g) 

Harvest index 
(HI) 

Grain yield 
(t/ha) 

WUE 
(kg/m3) 

  2009/10 Season    
100% 13.55a 28.75a 37.01a 43.10a 2.97a 0.37 a 
80% 13.24a 27.30b 36.69a 43.77a 2.75a 0.43 a 
60% 11.04b 24.57c 33.13b 39.10b 1.86b 0.38 a 
       
  2010/11 Season    
100% 13.88a 29.23a 36.51a 42.70a 3.04a 0.37 a 
80% 13.02b 26.35b 37.21a 43.70a 2.90a 0.45 a 
60% 11.04c 23.14c 32.97b 38.06b 2.15b 0.44 a 
       
      2011/12 Season    
100% 14.19a 28.03a 31.19a 35.08a 2.70a 0.33 a 
80% 14.23a 28.33a 31.18a 35.46a 2.54a 0.39 a 
60% 13.06 b 22.15 b 24.42b 27.88b 2.08b 0.42 a 

*Values having the same litter(s) in the same column is (are) statistically similar at 5% level of probability. 
 
From our findings, it can be concluded that the 

watering regime of 60% ETc was found inferior with 
respect to all parameters assessed and processed at 5% 
level of probability, in all seasons. Whereas, 80% ETc 
gave the similar results when compared with 100% 
without significantly differences in the most parameters 
under the study. 
Discussion:  

In this study, the association of higher values of 
plant population at harvest, HI , LAI, and number of 
tillers with 100% and 80% ETc watering regimes was 
expected since maximum tillering and vegetative cover 
were maintained at these levels. These findings were in 
line with Mahdi et al. (1998) and Onyibe (2005). 
Moustafa et al. (1996) also reported similar conclusions 
with 75% ETc watering regimes, while Farah (1995) 
generalized that maximum growth potentialities of 
wheat could be exhibited when its watering amounts 
approaches full evapotranspiration particularly from 
booting to anthesis and through grain filling. Moreover, 
the space and light availability incurred with flat sowing 
have induced profused vegetative growth, and in turn 
higher LAI values. Similar results were stated by 
Moustafa et al. (1996) and Singh et al. (1998).  

It is evident that, both 100 % and 80% ETc 
watering regimes were needed to produce higher number 
of spikelets/spike, Number of grains/spike, 1000-grains 
weight, HI, and total grain yield. These results were 
justifiable as all these parameters were very sensitive to 
water deficiency owing to its significant effect on final 
yield. Similar findings were stated by Ishag (1995) who 
reported significant reduction in these parameters when 
conditions of moisture deficiency prevailed during 
heading until grain filling. Moursi et al. (1979) and 
Shrief and Abd El-Mohsen (2015) also generalized that, 
up to 70% ETc or more of moisture is a pre-requisite to 
attain maximum values of these parameters. The positive 
and linear relationship between grain yield of wheat and 
crop evapotranspiration (ETc), which was highlighted 
by Musik et al. (1994) under dryland farming was in 
agreement with these findings. Moreover, Hochman 
(1982) reported grain losses of up to 36 % and 28 % at 
harvest when 70% ETc moisture was maintained from 
anthesis to grain filling, and from tillering to anthesis, 
respectively.  

The combined effect of economic grain yield 
maximization in wheat with WUE at intermediate 
watering regimes was reported by Ahmed (1992); Farah 
et al. (1994); Farah et al. (1995); Moustafa et al. 
(1996); Akram et al. (2014) and Wakchaure et al. 
(2016) who obtained maximum grain yields of wheat  
based on WUE maximization most likely due to enough 
moisture being available at the reproductive stages in 
particular.  
 

REFERENCES 
Ahmed, A.A.; A. Adeeb and B.F. Elmonshid (1989). 

Water management planning for periods of water 
shortage with special reference to Gezira 
Scheme. In: Ahmed, A.A. (Editor). The 
proceedings of the conference on irrigation 
management in Gezira Scheme. Ministry of 
irrigation and water resources. Hydraulic 
Research Station (HRS). 15-17 May 1989, Wad 
Medani, Sudan. 

Ahmed, S.H. (1992). Effect of water Stress on wheat 
yield Components at Hudeiba . Pages 148- 150. 
In: Nile Valley Regional Program (NVRP) on 
Cool – Season Food legumes and Cereals – 
Sudan. Bread Wheat Report, Annual National 
Coordination Meeting,   6 – 10 September, 1992, 
ARC, Wad Medani, Sudan. 

Akram, M., R. M. Iqbal and M. Jamil (2014). The 
response of wheat (Triticum aestivum L.) to 
integrating effects of drought stress and nitrogen 
management. Bulg. J. Agric. Sci., 20 (2): 275-
286. 

Babu, D.B. and S.P. Singh (1984). Studies of 
transpiration on spring sorghum in north-western 
India in relation to soil moisture regime. Effect 
on yield and water use efficiency. Expt. Agric., 
20: 151-159. 

Clemmens, A.J. (1987). A statistical analysis of trickle 
irrigation uniformity. Transaction of the 
American Society of Agric. Engineers, 30(1): 
169-175. 

Doorenbos, J. and W.O. Pruitt (1977). Guidelines for 
Predicting C.W. R. FAO, Irrigation and 
Drainage, Paper No. 24, United Nations, Rome .  

Elnadi, A.H. (1969). Efficiency of water use by irrigated 
wheat in the Sudan. J. Agric. Sci. Camb., 73: 
216-266. 

FAO, (1995). Tillage Systems in the Tropics. 
Management Options and Sustainability 
Implications. By: Lal, R., United Nations, Paper 
No. 71, pp. 206. Rome.  



Al-Molhem, Y. A.  

 668 

Farah, S.M. (1995). Water Relations and Water 
Requirements of Wheat. Pages 125 – 147, In 
Wheat Production and Improvement in the 
Sudan. O.A. Ageeb; A.B. Al Ahmadi; M.B. Solh 
and M.C. Saxena (eds). ARC-Sudan, ICARDA 
Syria, and DGIS. The Netherlands. 

Farah, S.M.; A.A. Salih; H.M. Ishag and B.E. Mohamed 
(1994). Effect of Moisture Stress at different 
growth stages on yield and water use efficiency 
of wheat. Pages 135 – 139 In : Nile Valley 
Regional Program (NVRP) on Cool – Season 
Food legumes and Cereals – Sudan. Bread 
Wheat Report, Annual National Coordination 
Meeting, 28 Aug. – 1 Sep. 1994, ARC, Wad 
Medani, Sudan. 

Farah, S.M.; A.A. Salih; Z.I. Ali and B.E. Mohamed 
(1995). Effect of four irrigation Regimes on two 
wheat varieties. Pages 140 – 146. In: Nile Valley 
Regional Program (NVRP) on cool – Season 
Food legumes and Cereals – Sudan. Bread 
Wheat Report, Annual National Coordination 
Meeting, 27 –30 Aug. 1995, ARC, Wad Medani, 
Sudan. 

Gomez, J.P. and A.A. Gomez (1984). Statistical 
Procedures for Agricultural Research. John 
Wiley and Sons, Inc. New York, U.S.A  

Hochman, Z.V.I. (1982). Effects of water stress with 
phasic development on yield of wheat grown in a 
semi-arid environment. Field Crops Research, 5: 
55-67. 

Ishag, H.M.H. (1995). Growth, development and yield 
of wheat under heat stress conditions in Central 
Sudan. Paper 148-157. In:  Wheat Production 
and Improvement in the Sudan. O. A. Ageeb; 
A.B. Al Ahmadi; M.B. Solh, and M.C. Saxena, 
(eds.). ARC-Sudan, ICARDA  Syria, and DGIS. 
The Netherlands.  

Jamal, M.; M.S. Nasir; S.H. Shah and N. Ahmed (1996). 
Varietal response of wheat to water stress at 
different growth stages. Rachis, Barley and 
Wheat Newsletters, 15(1-2): 38-45. 

Mahdi, L.; C.J. Bell and J. Ryan (1998). Establishment 
and yield of wheat (T. aestivum) after early 
sowing at various depths in a semi – arid 
environment. Field Crops Research, 58(3): 187-
196.  

Moursi, M.A.; O.M. El Bagoury and M.A. Mohamed 
(1979). The influence of water deficiency on 
wheat yield and its components. Egyption 
Journal of Agronomy, 4(1): 1 -18. 

Moustafa, M.A.; L.Boersma and W.E. Kronstad (1996). 
Response of four spring wheat cultivars to 
drought stress. Crop Science, 36: 982 – 986.  

Musik, J.T.; O.R. Jones; B. Stewart and D.A. Dusek  
(1994). Water – yield relationship for irrigated 
and dryland wheat in the United States Southern 
Plains. Agronomy Journal, 86: 980 – 986.  

Onyibe, J. E. (2005). Effect of Irrigation Regime on 
Growth and Development of Two Wheat 
Cultivars (Triticum aestivum L.) in the Nigerian 
Savanna. Journal of Agriculture and Rural 
Development in the Tropics and Subtropics, 106 
(2): 177–192. 

Prihar, S.S.; B.S. Sandhu; K.L. Khera and S.K. Jolota 
(1978). Water use and yield of winter wheat in 
North India as affected by timing of last 
irrigation. Irrigation Science, 1(1): 39-45. 

Rahman, S.M.; S.U. Talukdar; A.K. Kual and M.R. 
Biswas (1981). Yield response of a semi-arid 
dwarf wheat variety to irrigation on a calcareous 
brown flood plain soil of Bangladesh. Agric. 
Water Management, 3(3): 217-225. 

Reddy, K.S. and R.B.L. Bhardwaj (1983). Irrigation 
water requirement of wheat under early, normal 
and late sown conditions. Agron. Abst. Annual 
Meetings, p. 202.  

Saeed, A.B.; H.A. Etwey and O.S.A.Hassan (1990). 
Water Requirement and Scheduling of Date 
Palm. J. of Agric. Mechanization in Asia, Africa 
and Latin America (AMA), 21(4): 49-52. 

Shrief, A. and A. Abd El-Mohsen (2015). Regression 
models to describe the influence of different 
irrigation regimes on grain yield and water use 
efficiency in bread wheat. Advance in 
Agriculture and Biology, 4 (1), 39-49. Retrieved 
from www.pscipub.com (DOI: 
10.15192/PSCP.AAB.2015.4.1.3949). 

Singh, A. (1979). Consumptive and moisture extraction 
pattern of wheat, barely and rye irrigated at 
critical growth stages. Indian, J. Agron., 24(3): 
435-438. 

Singh, P.; K.C. Aipe; R. Parasad; S.N. Sharma and S. 
Singh (1998). Relative effects of zero – tillage 
and conventional tillage on growth and yield of 
wheat (T. aestivum) and soil fertility under rice 
(O. sativa) wheat cropping system. Indian 
Journal of Agronomy, 43(2): 204-207. 

Wakchaure, G.C.; P.S. Minhas; P. Ratnakumar and R.L. 
Choudhary (2016). Optimising supplemental 
irrigation for wheat (Triticum aestivum L.) and 
the impact of plant bio-regulators in a semi-arid 
region of Deccan Plateau in India. Agricultural 
Water Management, 172 (1): 9–17. 

 

 
  القمح تحت ظروف واحة الأحساءنمو ومحصولأثر مقررات الري على 

یوسف عبد العزیز الملحم 
- الھفوف – المملكة العربیة السعودیة  قسم البیئة والمصادر الطبیعیة – كلیة العلوم الزراعة والأغذیة – جامعة الملك فیصل

 
 خلال ثلاث مواسم متتالیة Bro breadنتح) لمحصول القمح صنف  % تبخر-60%، 80%، 100 تم تقییم ثلاث مقررات میاه (

) بمحطة التدریب والأبحاث الزراعیة والبیطریة لجامعة الملك فیصل باستخدام تصمیم قطاعات كاملة 2011/2012 و 2010/2011 ، 2009/2010(
العشوائیة ئو ثلاث مكررات. جمعت البیانات عن مجموعة من المعاییر الخاصة بصفات النمو والانتاج - كالكثافة النباتیة، عدد الخلف /للنبات، ولوحدة 

الحبوب الكلي محصول المساحة، عدد الحبوب في السنبلة، عدد السنیبلات في السنبلة، وزن الألف حبھ، معامل الحصاد، معامل مساحة الورقة، وزن 
(طن/ھكتار)، بالإضافة الى كفاءة استخدام المیاه (كجم/متر مكعب) للمحصول، وتم تحلیلھا إحصائیاً .أظھرت النتائج وجود آثار معنویة لمقررات المیاه 

% تبخر-نتح) ھو الأقل 60% من المعنویة تبین أن أقل مقرر میاه (5على كل الصفات النباتیة والانتاجیة للمحصول في كل المواسم تقریباً . فعند مستوى 
نتح لم  % تبخر-80%، 100أداءاً في كل الصفات التي تمت دراستھا تقریباً والمشار الیھا سابقاً، مقارنة ببقیة المقررات . كما تبین ان مقرري المیاه 

% 60%، 80%، 100یصل حد معنویاً في تأثیرھما علي كل الصفات وفي كل المواسم . كما أشارت النتائج أن متوسط الانتاجیة للمقررات المائیة 
 كجم/متر مكعب) عند مقرر 0.42 طن/ھكتار علي التوالي. كما تم الحصول على أعلى متوسط كفاءة استخدام للمیاه (2.03، 2.73، 2.90تبخر-نتح بلغ 

 % تبخر-نتح).100 كجم/متر مكعب) مرتبطاً باستخدام المعدل الكلي (0.36نتح ، بینما كان أقل معدل كفاءة استخدام للمیاه (  % تبخر-80المیاه 
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