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Abstract: A field trial was conducted at Al-Mishkhab Rice Research Station during 2011 season, to assess the effects of 

irrigation intervals on water productivity and yield components of three local rice varieties (Anber 33, Yasamin, and Furat 1). 

Two irrigation methods were practiced: continuous ponding and intermittent water application where irrigation water was 

scheduled at three different intervals (3, 5 and 7 days).The trial was performed as split plot based on a complete randomized 

blocks design (RCBD) having three replications. Seedlings were transplanted 20 days following germination into rows. 30 cm 

a part with 20 cm distance between plants within rows. The results showed that the 3-days, 5-days and 7-days intervals of 

irrigation consumed 50%, 45% and 36% as much water, as continuous flood. The 3-days irrigation interval increased yield by 

2% compared with continuous flood while the 7-days irrigation interval decreased yield by 15% compared with continuous 

flood. Furat1 and Yasamin varieties manifested higher water compared with Anber33. Water productivity of Furat 1 and 

Yasamin were 0.6108kg.m
-3

 and 0.5667kg.m
-3 

respectively. It is concluded that replacing current continuous submergence of 

rice crops with 3-days interval irrigation will lead to a substantial saving of water, about 50%, while raising yields; and having 

7-days interval irrigation could indeed give much-improved productivity of water (grain produced per unit of water).This latter 

option should be considered even if it does not maximize grain produced per unit of land area in as much as water is becoming 

a resource more limiting than land for Iraqi agriculture. This water management strategy could help to deal with the shortage in 

water that is facing Iraqi farmers now and in the foreseeable future. 
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1. Introduction 

Water is becoming increasingly scarce, by 2025, the per 

capita available water resources in Asia are expected to decline 

by 15- 45 percent compared with 1990 (Moya et al., 2001). 

About 80% of the available water resources world-wide is 

used by the agricultural sector (Sujono, 2007), and of which 

irrigated rice makes the highest demand. Since rice is one of 

the biggest users of world's developed fresh water resources 

(Tuong and Bouman, 2003), it takes 3-4m¯³ to produce 1 

kilogram of rice, which about 2 to 3 times higher than the 

amount required to produce 1 kilogram of other cereals such as 

Wheat or Maize (Bouman et al., 2002). To increased water 

productivity under increasing scarcity of water resources, 

intermittent irrigation has been developed as a water-saving 

technique and adopted in many countries such as China, 

Bangladesh, and India (Xiaoping et al., 2004).Irrigation 

interval is of the most important ways to saving irrigation 

water without reducing rice areas. Irrigation water interval is to 

use alternate irrigations during rice growing seasons (Khalif et 

al., 2007). Application of intermittent irrigation can maintain 

or even increase grain yield because of the enhancement in 

root growth and grain-filling rate (Zhang et al., 2012). The 

results showed that it is not necessary for rice plant in all 

growth stages to be continuous submerge (Rahman et al., 

2002). 

In Iraq, the importance of rice as a staple food crop is 

exceeded only by wheat in terms of planted area and 

production. The area under rice cultivation in 2009 was 

124,350 ha producing 392,800 tons, with an average yield of 

3.16 tons ha¯¹ (MoP, 2010). Farmers’ usual practice for rice 

production is to maintain standing water above soil surface to a 
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depth of 5–20 cm throughout the rice cycle (Ahmed, 1987). 

Iraqi paddy farmers often store water in their fields as a back-

up safety measure against uncertainty in water supply, also 

there is often field-to-field irrigation. This leads to a high 

amount of surface runoff, and also has a negative effect on the 

environment because of the disposal of large amounts of 

drainage water which contain residual agrochemicals and 

herbicides which cause pollution of water and soil (Awan et al., 

2004) and (Willingham et al., 2008). 

Accordingly, we should be thinking strategically about how 

to change this traditional irrigation method in rice production, 

and maintain rice cultivation with less water. Iraqi farmers 

should be enabled to enhance their rice production while 

improving soil and environmental quality, reduce demands on 

limited fresh water supplies, and enhance technical skill sand 

agronomic understanding among rice farmers. Previous studies 

proved that the intermittent irrigation as an applicable strategy 

to overcome the consequences of new circumstance, this 

method can reduce water consumption and increase water 

productivity, while no yield loss (Rezaei and Nahvi, 2007). 

Singh et al., (1996) reported that maintaining a very thin water 

layer, at saturated soil condition, or alternate wetting and 

drying can reduce water requirement by about 40-70 percent 

compared with continuous shallow submergence, without a 

significant yield loss. 

The current study, therefore, was undertaken to identify the 

effects of water intervals duration on rice yield and its 

components, water productivity in condition of southern Iraq. 

2. Material and Methods 

Field trials were conducted at Al-Mishkhab Rice Research 

Station during 2011 season. The soil texture of the plots was 

silty clay loam to clay loam, calcareous soil (23% CaCO3) 

with pH of 8.3 and EC of 1.8 ds/m (field soil analysis). 

Meteorological data recorded during the trials are shown in 

Table 1. 

Table 1. Meteorological data during the period of the trials in 2011. 

Month 
Air temperature °c Evaporation from A pan 

(mm/month) Max. Min. Avg. 

June 40.8 24.0 32.8 531 

July 42.1 26.4 34.2 622 

August 41.4 25.0 33.2 554 

September 36.1 21.4 28.7 371 

October 30.7 17.4 24.0 254 

Seasonal total mm 2,332 

After preparing the soil, plots were made for each trial, 

5x5 m size. Buffer zones width were left between plots to 

prevent water seepage from one plot to another. Decomposed 

organic manure (10 tons ha
-1

) was added to the plots and was 

mixed with the soil during ploughing. Half of the 

recommended quantities of chemical fertilizer (CF) were 

applied: 140 kg ha
-1

 of urea and 200 kg ha
-1

 of NP as 

compound fertilizer (18-18). Hand weeding was regularly 

adopted to control weeds in the plot three times after 

transplanting. Seedlings were prepared using plastic tray 

(3×28×58cm in size), filled with sieved soil. The amount of 

seeds used was 20 kg ha
-1

 for seedlings produced. 

The trial was performed as split plot based on a complete 

randomized blocks design (RCBD). The sowing date was 

June 19. 

Continuous standing water (7-8 cm) was maintained in all 

the treatments up to 20 days after transplanting to avoid pre-

apprehended weed infestation that could be awesome during 

crop establishment stage. For the continuous submergence 

method, water was thereafter applied daily to maintain a 

layer of water 10 cm deep in the plot during the entire 

growing season. For the intermittent irrigation, intervals of 3, 

5 or 7 days were made between successive irrigations, with 

approximately 8.5 cm of water given in each irrigation. 

Amount of applied water was measured using water meter. 

Water productivity was obtained by comparing the water 

consumption for one planting season to yield data (kg yield/ 

m³ water) (Chapagain et al., 2011). 

At maturity, plants were sampled diagonally across 3 m
2
 

harvested areas per plot to determine grain yield. Also, 10 

randomly-selected rice panicles were sampled from each plot 

for determination of yield components. Means were 

compared by the least significance difference (LSD) method 

evaluated at the 5% level of confidence. Statistical tests were 

conducted using the Gen stat (Ireland, 2010) analysis method. 

3. Result and Discussions 

3.1. Plant Growth Characteristics 

3.1.1. Plant Height 

Table 2 indicates that the plant height as affected by 

irrigation method 

Table 2. Plant height (cm) with different irrigation regimes. 

Irrigation method 
Variety 

Mean 
Anber33 Yasamin Furat1 

Cont. subm. 132.00 81.00 70.00 94.33 

3 d intervals 142.67 88.44 73.33 101.33 

5 d intervals 124.00 76.67 66.33 88.67 

7 d intervals 114.67 70.67 62.67 82.67 

Mean 128.33 79.17 67.75  

LSD(0.05) Irrigation(1.96) Variety(3.31) Interaction(5.60) 

The results in this table showed that the highest average 

plant height was obtained with intermittent irrigation 3 days 

intervals was (101.33 cm), while the lowest with 7 day 

interval has (82.67 cm) as average. This result may be 

attributed to rotational irrigation of the fields allows for good 

aeration of the soil and better root growth with 3 days 

interval, and water stress with 7 days interval. Similar results 

was reported by (Styger, 2009).Rahman et al.,(2002) reported 

that plant height was decreased with increasing water 

stress(Tuong et al., 2005). 

The varieties showed their own differences in this 

characteristic, the average highest plant height reached to 

(128.33cm) with Anber33 variety, while the lowest (67.75cm) 

with Furat1 variety. This was probably caused by genetic 

factor rather than cultural practices. 
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The interaction between the varieties and the intermittent 

irrigation as showed in the table, also affected plant height 

significantly. The highest plant height of Anber33 (142.67cm) 

was obtained with 3day interval, and the lowest plant height 

of Furat1 (62.67cm) with 7days interval. 

3.1.2. Active Tillers Number Per m² 

There were clear and significant differences in active 

tillers number per m² as seen in table 3.The average of 

highest active tillers number was (276.9)with 3 days interval, 

while the lowest was(228.9) with continuous submergence. 

This result may be attributed to the reduction in the number 

of tillers under continuous submergence was mainly 

attributed to less oxygen supply that inhibits tillering and 

growth of tiller buds. Similar result was reported by Choi et 

al.,(2004) that the tendency of increase in tiller number 

affected by depth during sallow intermittent irrigation. 

Table 3. Active tillers number per m² with using different irrigation regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 177.3 233.3 276.0 228.9 

3 d intervals 288.7 253.3 288.7 276.9 

5 d intervals 225.0 255.7 298.3 259.7 

7 d intervals 231.7 246.7 281.7 253.3 

Mean 255.7 247.2 286.2  

LSD(0.05) Irrigation(20.53) Variety(13.22) Interaction(27.50) 

The varieties showed in the table significant differences in 

this characteristic, Furat1 recorded the highest active tillers 

number (286.2), with Yasamin giving the lowest Active tillers 

number reached (247.2). This was probably caused by 

genetic factor. 

The interaction between the varieties and the intermittent 

irrigation as showed in the table, also affected active tillers 

number per m² significantly. The active tillers number 

reached (298.3) of Furat1 was obtained with 3 days interval, 

and the lowest active tillers number of Anber33 (177.3) with 

continuous submerge. 

3.1.3. Biological Yield 

There were clear and significant differences in this 

characteristic as seen in table 4. The average of highest 

biological yield was (1052.2 g.m¯²) with 3 days interval, 

while the lowest was(956.2g.m¯²) with 7 days interval. This 

result may be attributed to the better growth condition with 

more nutrients caused high grain weight and tillers numbers 

above-ground biomass. Similar result was reported by 

Azarpour et al.,(2011) mentioned that the highest biological 

yield was obtained by more interval irrigation. 

Table 4. Biological yield ( g.m¯² ) using different irrigation regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Jasmine Furat1 

Cont. subm. 615.3 1154.0 1175.3 981.6 

3 d intervals 744.3 1066.0 1347.3 1052.2 

5 d intervals 887.7 885.7 1155.7 976.3 

7 d intervals 897.7 915.3 1056.7 956.2 

Mean 786.2 1005.5 1183.5  

LSD(0.05) Irrigation(34.81) Variety(43.94) Interaction(76.48) 

The varieties showed in the table above significant 

differences in this characteristic, the average highest 

biological yield reached to (1183.5g.m¯²)with Furat1 variety, 

while the lowest (786.2g.m¯²)with Anber33 variety. This was 

probably caused by high grain weight and tillers numbers 

with Furat1, and also by genetic factor. 

The interaction between the varieties and the intermittent 

irrigation method as showed in the table, also affected 

biological yield significantly. The highest biological yield 

(1347.3g.m¯²) of Furat1 was obtained with 3 day interval, 

and the lowest biological yield of Anber33 (615.3g.m¯²) with 

continuous submerge. 

3.2. Yield Components 

3.2.1. Number Grain Per Panicle 

The results shown in Table 5 indicate that the number of 

grains per panicle was definitely affected when the irrigation 

method was changed from continuous submergence to 

irrigation with intervals of 3, 5 or 7 days. Average highest 

grain number per panicle was (141.2) with 3 day interval, 

while the lowest was (121.7) with 7 day interval. This result 

may be attributed to the nutrient availability for plants due to 

microorganisms’ activities in soil and also greater shading of 

leaves in 3 days interval irrigation than other irrigation 

treatments. 

Table 5. Number grains per panicle with different irrigation regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 146.2 136.0 135.1 139.1 

3 d intervals 147.3 140.5 135.9 141.2 

5 d intervals 140.3 131.6 146.0 139.3 

7 d intervals 121.9 119.2 124.2 121.7 

Mean 138.9 131.8 135.3  

LSD(0.05) Irrigation(10.16) Variety(NS) Interaction(NS) 

The varieties showed slightly reduced but no different 

significant in number of grains per panicle, the average 

highest number was (138.9) with Anber33, and the lowest 

was (131.8) with Yasamin variety as  an average. 

The interaction between the varieties and the intermittent 

irrigation as showed in the table, no differences were noticed 

in this characteristic. 

3.2.2. 1000 Grain Weight 

It appeared clearly from the table 6 that the 1000 grains 

weight was slightly affected by irrigation method. The 

average of highest 1000 grain weight was (22.11 g) with 

continuous submergence, while the lowest was(21.00 g) with 

7 day interval irrigation. This result may be attributed to the 

continuous flood enhance water availability and nutrients 

absorption along the growing season. A further reduction in 

the irrigation period could result in a salinity build up which 

affect 1000-grain weight (Sepaskhah and Yousfi-Falakdeli, 

2009). Similar result was reported by (Saleh et al.,1999). 
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Table 6. 1000-grain weight (g) for three rice varieties under different 

irrigation Practices. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 20.67 21.00 24.67 22.11 

3 d intervals 20.67 21.00 24.00 21.89 

5 d intervals 19.67 20.33 24.00 21.33 

7 d intervals 19.67 19.67 23.67 21.00 

Mean 20.17 20.50 24.08  

LSD(0.05) Irrigation(0.46) Variety(0.45) Interaction(NS) 

Furat1variety gave the highest 1000-grain weight (24.08 g), 

while Anber33 variety gave the lowest grain weight reached 

(20.17 g).This was probably caused by genetic factor. 

No significant differences occurred due to the interaction 

between varieties and irrigation methods. 

3.2.3. Sterility Ratio 

The results shown in Table 7 indicate that the sterility ratio 

significantly affected by irrigation methods. Average of 

highest sterility ratio (11.63%) was obtained with 7 days 

interval, while the lowest sterility ratio (6.22%)was obtained 

with 3 days interval. This result may be attributed to the 

nutrient availability for plants due to microorganisms’ 

activities in soil and also greater shading of leaves in 3 day 

interval irrigation than other irrigation treatments. Similar 

results was reported by Azarpour et al.(2011), who found 

higher sterility ratio when irrigation interval exceeded 5 days. 

Table 7. Sterility ratio (%) for three rice varieties under different irrigation 

regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 14.87 5.80 5.13 8.60 

3 d intervals 10.77 4.30 3.60 6.22 

5 d intervals 14.93 5.10 4.93 8.32 

7 d intervals 15.60 10.43 8.87 11.63 

Mean 14.04 6.41 5.63  

LSD(0.05) Irrigation(1.54) Variety(0.89) Interaction(1.95) 

The varieties also showed significant differences where the 

average highest sterility ratio (14.04 %) was obtained with 

Anber33, and the lowest sterility ratio (5.63 %) was obtained 

with Furat1.This was probably caused by genetic factor. 

Significant differences occurred due to the interaction 

between varieties and irrigation methods. The sterility ratio 

(15.60 %) of Anber33 was obtained with 7 day interval, and 

the lowest sterility ratio of Furat1 (3.13) was obtained with 3 

days interval. 

3.2.4. Harvest Index 

The harvest index was slightly reduced by changing the 

method of irrigation from continuous submergence to 

intermittent irrigation with intervals of5 or 7 days but with no 

significant effect as seen in table 8. Where the average of 

highest harvest index (0.5467) was obtained with 3 days 

interval, while the lowest (0.5044) was obtained with 7 days 

interval. This result may be attributed to the harvest index 

being correlated with grain yield and biological yield, not 

with irrigation methods. Similar result was reported by Saleh 

et al.,(1999) who noticed no differences in the harvest index 

under intermittent irrigation. Therefore, harvest index 

appears to be unsuitable as an indicate of productivity of 

different water management practices (Ginigaddara and 

Ranamukhaarachchi, 2009). 

Table 8. Harvest index for three rice varieties under different irrigation 

regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 0.4067 0.5933 0.6200 0.5400 

3 d intervals 0.4500 0.5733 0.6167 0.5467 

5 d intervals 0.4533 0.5567 0.5967 0.5356 

7 d intervals 0.3600 0.5433 0.6100 0.5044 

Mean 0.4175 0.5667 0.6108  

LSD(0.05) Irrigation(NS) Variety(0.028) Interaction(NS) 

The varieties also showed significant differences where the 

average highest harvest index (0.6108) was obtained with 

Furat1, and the lowest harvest index (0.4175) was obtained 

with Amber33. Harvest index as resulted of balance between 

grain yield and biological yield of the varieties. 

No significant differences occurred due to the interaction 

between varieties and irrigation methods. 

3.3. Grain Yield 

The results shown in Table 9 indicate that the grain yield 

was definitely affected when the irrigation method was 

changed from continuous submergence intermittent irrigation. 

Average highest grain yield (5844.5kg.ha¯¹) was obtained 

with 3 days interval, while the lowest (4925.6kg.ha¯¹) was 

obtained with 7 days interval. This result may be attributed to 

high active tillers number per m², number grain per panicle 

with less sterility ratio, also, rotational irrigation(wetting and 

drying) of the fields allows for good aeration of the soil and 

better root growth thereby increasing rice yield (Uphoff, 

2006). Aguilar and Borjas (2005), concluded that irrigation 

treatment of 2 and 5 days after disappearance of water from 

surface appropriate for getting more yield. 

Table 9. Grain yield (kg.ha¯¹) for three rice varieties with different irrigation 

regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 3150.8 6893.2 7343.2 5784.0 

3 d intervals 3406.8 5976.8 8150.0 5844.5 

5 d intervals 3638.8 5176.8 7456.8 5424.1 

7 d intervals 3280.0 5046.8 6450.0 4925.6 

Mean 3369.1 5773.4 7350.0  

LSD(0.05) Irrigation(250.7) Variety(210.3) Interaction(390.3) 

The varieties also showed significant differences, where 

the average highest grain yield (7350.0kg.ha¯¹) obtained with 

Furat1 variety, While the lowest (3369.1 kg.ha¯¹) obtained 

with Anber33. This was probably caused by genetic factor. 

Significant differences occurred due to the interaction 

between varieties and irrigation methods. The grain yield of 

Furat1 (8150.0kg.ha¯¹) was obtained with 3 day interval, and 

the lowest grain yield of Anber33(3150.8kg.ha¯¹) was 
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obtained with continuous flood. 

3.4. Irrigation Water 

3.4.1. Amounts of Irrigation Water Used 

Continuous submergence consumes large quantities of 

water during the rice growth cycle, as seen from Table 10. 

Table 10. Amount of irrigation water used (m³ha¯¹) with different irrigation 

Treatments. 

Irrigation method Amount of water (m³.ha¯¹) 

Cont. subm. 82,630 

3 d intervals 41,527 

5 d intervals 36,967 

7 d intervals 29,985 

Compared to the continuous flooding regime, the 7 days 

interval reduced water use (64%), 5 days interval by (55%), 

and 3 days interval by (50%). This result is in line with the 

result obtained by Mostafa zadeh-Fard et al.,(2010) who 

reported that decreasing the depth of ponding water use by 

about(23%). The use of modern irrigation techniques can also 

lead to water saving of more than (50%)(Saleth and Dinar, 

2008). 

3.4.2. Water Productivity 

The water productivity associated with the different 

intermittent irrigation regimes are presented in table 11. 

Table 11. Water productivity (kg.m³) with different irrigation regimes. 

Irrigation 

method 

Variety 
Mean 

Anber33 Yasamin Furat1 

Cont. subm. 0.038 0.083 0.088 0.069 

3 d intervals 0.082 0.143 0.196 0.140 

5 d intervals 0.098 0.140 0.201 0.146 

7 d intervals 0.109 0.168 0.215 0.164 

Mean 0.081 0.133 0.175  

LSD(0.05) Irrigation(0.00555) Variety(0.00538) Interaction(0.00981) 

Intermittent irrigation offer beneficial to water production. 

From data's table above showed that the water productivity 

with the use intermittent irrigation practices, much higher 

was achieved compared with continuous submergence which 

were similar to the result from Choi et al.,(2004).The water 

productivity was seen to be (200%) higher with 3 day 

intervals between water applications, and (210 %) higher 

with 5 day intervals, and (240 %) higher with 7 day interval 

compared with continuous submergence. Indeed, water 

productivity -- the amount of rice produced per unit of water 

-- was several times greater than with continuous 

submergence. The increasing in water productivity of 

intermittent irrigation was resulted from decreasing water 

input rather than increasing yield. With Furat-1 having the 

highest average water productivity (0.175 kg.m¯³), followed 

by Jasmine (0.133 kg.m¯³), all better than Anbar33 (0.081 

kg.m¯³). 

Significant differences occurred due to the interaction 

between varieties and irrigation methods. The highest water 

productivity of Furat1 (0.215kg.m¯³) was obtained with 7 

days interval, and the lowest water productivity of Anber33 

(0.038kg.m¯³) was obtained with continuous flood. 

4. Conclusions and Recommendations 

Intermittent irrigation has potential to save water and 

increase water productivity without any significant negative 

impacts on rice growth and grain yield. Intermittent irrigation 

in rice cultivation can be used as an act of adaptation to 

limited water availability as well as mitigation measures 

against negative impacts of rice cultivation to the 

environment. Increasing water shortage is compelling rice 

farmers to develop and adapt water saving technologies. This 

will necessitate and encourage research on alternative 

measures for reducing water use and increasing the efficiency 

of water use in order to ensure food security. 

The results of this present study showed that the quantity 

of water required 3 days interval is recommended for all 

varieties in Southern Iraq. 

If water productivity is given priority, the grain yield per 

unit of water is more drastic reduction of water issues with 7-

days intervals, it gave considerably greater output from 

irrigation water consumed, and with water production 2.7 

times greater than for continuous flood, 2.2 times more than 

with 5-days interval, and 2 time more than with 3-days 

interval. This means that there is great scope for rice 

production in the future even if there is a shortage of water 

resources in the future. This will not only enhance food 

security but water security as well. 

We recommend investigating of the performance of short-

duration varieties and drought tolerance under intervals 

irrigation method. 

It is still necessary to have more studies for better 

understanding of rice reaction to drought stress. 
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