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ABSTRACT 
 
Field experiments were conducted during 2008/2009, 2009/2010 

and 2010/2011 seasons at Sids Agric. Res. Station, Bani-Swief 
Governorate, Egypt. These trials aimed at investigate the effect of 
irrigation number, i.e. I1: transplanting irrigation (TPI), I1: TPI + Live 
irrigation (LI), I3: TPI + LI + 2

nd
 irrigations and I4: TPI+ LT+ 2

nd
 +3

rd
 

+ 4
th

 irrigations on vegetative growth, bulb yield, storability and water 
productivity of three onion varieties namely V1: Giza 6 Mohassan, V2: 

Giza 20 and V3: Giza Red. A split-plot design with four replicates was 
used. The most important results could be summarized as follows:- 
1- Plant height, leaves number /plant and bulb diameter were 

significantly increased with increasing irrigation to I4 treatments in 
the three seasons. Giza Red variety significantly surpassed Giza 6 
Mohassan and Giza 20 in these growth characters in all seasons. 
Growth attributes were significantly affected by the interaction 
between irrigation and varieties except for plant height in the 1

st
 

and 3
rd

 seasons and bulb diameter in the 2
nd

 season.  
2- Irrigation treatments and varieties significantly affected bulb weight, 

dry matter presentage, days to maturity, marketable yield, culb and 
total yield in the three season. The higher values of marketable 
yield, i.e. 12.60, 13.06 and 13.45 t/fed., as well as total yield, i.e. 
15.74, 15.37 and 16.10 t/fed. In 2008/2009, 2009/2010 and 
2010/2011 seasons, respectively were detected from I4 irrigation 
treatment and Giza Red variety. However, the dry matter (%) 
decreased with increasing irrigation number in all seasons. 

3- Water consumptive use values over irrigation treatments and 
varieties were 766.88, 798.7 and 792.1 m

3
/fed. in 2008/2009, 

2009/2010 and 2010/2011 seasons, respectively, including the 
transplanting irrigation. Irrigation Giza 20 variety at 5 irrigation 
(I4) gave the highest consumptive use values, i.e. 1310.0, 1331.3 
and 1316.3 m

3
/fed in the three successive seasons. 

4- Increasing irrigation number applied resulted in lower water 
productivity for all varieties. Giza red variety irrigated one 
irrigation (I1) was the more efficient variety in water utilization 
than  Giza 6 Mohassan and Giza 20 varieties. These results were 
found to be true for water productivity. The highest water use 
efficiency, i.e. 16.88, 25.20 and 16.12 kg/m

3
 water consumed in 

irrigated according to irrigation treatment (I4), exhibited highest 
water consumptive use values as compared in 2008/2009, 
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2009/2010 and 2010/2011 seasons, respectively were observed 
from irrigating Giza red variety one irrigation only.  

5- In the three seasons, lower values of bulb weight losses (%) were 
obtained under the irrigation treatments, I3 after two and four 
months storage periods, whereas after six months, I4 irrigation 
treatment exhibited the lowest value. Also, lower values of bulb 
weight losses (%) were recorded by Giza 6 mohassan as compared 
with Giza 20 or Giza Red varieties. 

Key words: Onion yield, irrigation level, water productivity, onion 
varieties,and storability   

INTRODUCTION 
Onion (Allium cepa L.) is one of the most important and widely used 

vegetable crops in the world. In Egypt, total harvested area was 61535 ha 
producing 2208080 metric tons (FAOSTAT, 2010). The unit of both water and 
area productivity still low and it is needed to be increased according to the 
increased people demands throughout improved agricultural practices i.e. 
sowing date, high- yielding varieties, proper both fertilization and irrigation 
management….etc. Optimum irrigation management is the most important 
factor affecting onion productivity and quality under the Egyptian conditions. 
Moisture stress is generally detrimental to plant growth and reducing both 
yield and quality of the crop. Nandi et al. (2002) and Abd El-Gawwed 
(2008) reported that growth and yield of onion were significantly affected by 
irrigation, but not post harvest life. In connection, Pelter et al.(2004) found 
that onion total yield was reduced by soil-water stress imposed at any growth 
stage but the greatest effect was at the 5-leaf, 7-leaf, and 3- and 7-leaf stages. 
El-Akram (2012) in Egypt, stated that onion bulb yield and water use were 
higher with frequently irrigation i.e. irrigating as 40% of available soil 
moisture was depleted, in comparison with irrigation at 60 and 80% ones. 
Indubitable, irrigation management affecting onion yield - water relations. 
Abu-Awwad (1999) reported that water use efficiency for onion, in the 
covered soil surface treatment, was maximum for the highest water level (197 
mm irrigation). In this sense, Kadayifci et al. (2005) found that high water use 
and water use efficiencies were observed with increasing levels of irrigation, 
or no irrigation in the vegetative period. Irrigation is an important factor 
influencing onion storability, Rabbani et al. (1986) reported that storage 
losses in onion could be as high as 66%, and many factors, such as cultivars, 
bulb maturity, moisture content of the bulb, temperature, relative humidity, 
etc. are associated with spoilage of onion during storage. In addition, a 
substantial increase of decomposition in onion during storage with increasing 
irrigation was reported by Shock et al. (1998). Soujala et al. (1998) reported 
that irrigation had only a minor effect on the storage performance and shelf 
life of onion.  

The aim of this study is to investigate the effect of four irrigation 
treatments and three onion varieties on onion yield, yield components, 
storability as well as water productivity.  

MATERIALS AND METHODS 
The present research trials were conducted in 2008/2009, 2009/2010 and 

2010/2011 growing seasons at the experiment of Farm of Sids Agricultural 
Research Station, Bani Swief Governorate (Middle Egypt, Lat. 29.40 N, Long. 
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31.60 E and 30.40 m above the mean sea level). The soil -moisture constants 
and physiochemical properties of the soil at experimental site according to 
Page et al. (1982) and Klute (1986) are listed in Tables (1) and (2), 
respectively. The trial aimed to investigate the performance of three onion 
varieties under four irrigation treatments. Onion crop growth, bulb yield and 
storability as well as crop water consumptive use and water productivity were 
considered.  

The experiment was laid out in a split-plot experimental design with four 
replicates. Irrigation treatments were allocated to the main plots, while the 
assessed onion varieties occupied the sub-plots as follows: 
1- Main plots (Irrigation, I): 

11 = Transplanting Irrigation (TPI)     
12 = (TPI) + Life Irrigation (LI) 
13= (TPI) + (LI) + 2

nd
 Irrigation       

14 = (TPI) + (LI) + 2
nd

 irrigation + 3
rd

 irrigation + 4
th

 irrigation 
2- Sub plots (Onion varieties, V): 
V1 = Giza 6 Mohassan               V2 = Giza 20     V3 = Giza Red  
The nursery was sown in the first week of September in the three 

seasons. Seedlings were transplanted after 55 to 60 days after seed sowing. 
The plot size was 3 m width x 3.5 m length (i.e.1/400 fed). The seedlings were 
transplanted at spacing of 10 cm between plants and 20cm. between rows. 
Fertilization was applied according to the recommendation of the Ministry of 
Agriculture in Egypt as follows: 300 kg P2O5/fed during land preparation, 120 
kg N/fed. in two doses, and 100 kg K2O/fed. All the recommended cultural 
practices for onion production were applied and adapted to surface irrigation 
conditions. The applied irrigation water was measured using a water meter 
attached to the irrigation pump. The onion plants were grown to maturity and 
were considered mature when 50% of leaves fell down.. At 105 days post 
planting, a representative sample of ten plants from each plot was randomly 
taken to measure plant height, no. of leaves per plant, bulb diameter, bulb 
weight, dry matter percentage and days to maturity. At harvest time, when 
50% of leaves fell down, the remaining plants in each plot were harvested and 
cured in the field for 10 days, then the shoots and roots were removed. The 
marketable culls and total bulb yields from each sub-plot were recorded and 
expressed in t/fed. In addition, for storability determination, about 150 bulbs 
were stored under room temperature condition and weight losses (%) after 2, 4 
and 6 months were recorded. 
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 Table (1). Some soil water constants for the soil at experimental site. 

Season Depth (cm) 
Field capacity 

(%, w/w)*
 

Wilting point 

(%, w/w)* 

Available water 

( %, w/w)* 

Bulk density 

 (gcm
-3

)* 

2008/2009 

00 – 15 44.01 20.96 23.05 1.24 

15 – 30 40.90 19.48 21.42 1.34 

30 – 45 36.82 17.53 19.29 1.38 

45 – 60 36.37 17.32 19.05 1.38 

Mean 39.52 18.82 20.70 1.39 

 

2009/2010 

0 – 15 46.56 22.17 24.39 1.17 

15 – 30 37.09 17.66 19.43 1.29 

30 – 45 35.55 16.92 18.63 1.35 

45 – 60 33.19 15.80 17.39 1.37 

Mean 38.09 18.14 19.96 1.30 

 

2010/ 2011 

0 – 15 45.08 21.58 23.50 1.13 

15 – 30 37.95 18.04 19.91 1.24 

30 – 45 35.95 17.32 18.63 1.28 

45 – 60 33.14 16.04 17.10 1.32 

Mean 38.03 18.25 19.79 1.24 

                  *Determined as described by Klute (1986). 

Table  (2). Some physical and chemical properties of the soil at the experimental site 

Season 

Particle size distribution* 
Textural 

class 

Chemical properties** 

Clay Silt Sand O.M. 

(%) 
EC dS/m 

Available (ppm) pH 

 % N P K 

2008/2009 49.90 33.80 16.30 Clay 2.20 0.43 45.00 12.5 202.5 7.9 

2009/2010 50.29 32.38 17.33 Clay 2.04 0.56 41.02 10.0 198.8 7.8 

2010/ 2011 48.49 32.41 19.10 Clay 1.57 0.38 37.0 11.0 183.8 8.1 

              * According to Piper (1950)                                 **according to Ryan et al. (1996) 

The data collected for the studied variables were subjected to statistical 
analysis using analysis of variance (ANOVA) technique (Senedecor and 
Cochran, 1980). The means were compared using least significant difference 
(LSD) at 5% probability level according to Waller and Duncan (1969).  
Crop - water relationships: 
1- Seasonal consumptive use (ETC): 

On determining the crop water consumptive use (ETC), soil samples 
were collected before and 48 hours after each irrigation, as well as at harvest 
time in 15cm increment to 60 cm depth of the soil profile. The crop water 
consumptive use between two successive irrigations was calculated according 
to the equation given by Israelsen and Hansen (1962) expressed as: 

 

Where: 
Cu = Actual evapotranspiration(cm).  
 D = Effective root zone depth (cm).    
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Bd = Bulk density of soil (gcm
-3

).   
Q2 = Soil moisture content (%) after irrigation.  
Q1 = Soil moisture content (%) before the next irrigation. 
2. Water Productivity (WP): 
 Water productivity is an efficiency term calculated as a ratio of product 
output over water input. The output could be biological goods such as crop 
grain, fodder….etc. So, water productivity, in the present study, is expressed 
as kgs of onion bulb yield obtained per the unit of irrigation water applied or 
consumed water basis. The water productivity values (kg onion bulbs/ m

3
 

applied water) and water use efficiency (WUE) were calculated for different 
treatments as follows: 
 WP (kg/m

3
) = Bulbs yield (kg/fed) / applied water (m

3
/fed). 

Water use efficiency values (WUE, kg/m3) were calculated according to the 
following equation (Vites, 1965): WUE= Kg bulb / m

3
 consumed 

Applied irrigation water  
 ETc / Ea + LR                       
Where: ETc: water consumptive use       Ea  : application efficiency (fraction) 
LR: Leaching requirements (cm) 
 
RESULTS AND DISCUSSION 
Applied irrigation water 

Results in Table (3) reveal that as irrigation events increased, the applied 
water increased. In 2008/2009 season, the total amount of applied irrigation 
water for I4 were 243.6, 122.1, and 58.0% more than those of I1, I2 and I3, 
respectively. Similar trends were recorded in 2009/2010 and 2010/2011 
seasons, where the increasing percentages for I4 were 226.7 and 234.6, 117.2 
and 115.3 and 55.3 and 55.9, as compared with I1, I2 and I3 treatments, 
respectively. Results show that for I4 treatment, applied irrigation water varied 
from 2165 to 2205 m

3
 /fed. While, for I1 treatment the same values varied 

from 630 to 675 m
3
 /fed. from season to another.  

Table  3. Amounts of irrigation water (m
3
/fed.) applied under the adopted irrigation 

treatments in 2008/2009, 2009/ 2010 and 2010/ 2011 seasons 

Season 

Irrigation treatment  

I1 I2 I3 I4 

(TPI) (TPI) (LI) (TPI) (LI) 
2

nd
  

Irrigation 
(TPI) (LI) 

2
nd

  
 rrigation 

3
rd

  
Irrigation 

4
th 

 Irrigation 

2008/2009 630 630 345 630 345 395 630 345 395 410 385 

Applied 
water 

630 975 1370 2165 

2009/2010 675 675 340 675 340 405 675 340 405 415 370 

Applied 
water 

675 1015 1420 2205 

2010/ 
2011 

650 650 360 650 360 385 650 360 385 400 380 

Applied 
water 

650 1010 1395 2175 
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Growth charcters :-  
Results in Table (4) illustrate that plant height, no. of leaves /plant and 

bulb diameter characters were significantly influenced by irrigation and onion 
varieties treatments. The plant height increased under I4 irrigation treatment by 
90.3, 46.7 and 25.4%, respectively, as compared with those under I1, I2 and I3 
in 2008/2009 season. The corresponding increasing values, in 2009/2010 and 
2010/2011 seasons, reached (83.3 and 87.0%), (48.4 and 53.7%) and (24.6 and 
20.6%) for I4 irrigation treatment, as compared with those under I1, I2 and I3 

treatments, respectively.   
Regarding the impacts of the adopted onion varieties on plant height 

trait, results in Table (4) indicate in 2008/2009 season that Giza Red variety is 
the superior in this respect since average plant height values increased by 
20.90 and 3.96% more than those for Giza 6 Mohassan and Giza 20 onion 
varieties, respectively. In 2009/2010 and 2010/2011 seasons, similar trends 
were noticed with increased plant height values for Giza Red variety 
comprised (21.25and 18.18 %) and (10.03 and 5.98 %), respectively, more 
than those for Giza 6 Mohassan and Giza 20 onion varieties. Results in Table 
(4) show clearly that Giza Red variety still surpassed both Giza 6 Mohassan 
and Giza 20 varieties with respect to no. of leaves/plant character where the 
increasing percentage reached 25.5 and 8.0%, respectively, in 2008/2009 
season. Similar trends were noticed in 2009/2010 and 2010/2011 seasons 
where the increasing percentages in no. of leave/plant character for Giza Red 
variety comprised (26.4and 28.2%) and (8.0 and 11.4%), respectively as 
compared with Giza 6 Mohassan and Giza 20. Generally, in the three seasons, 
mid values of bulb diameter for Giza 6 Mohasson and Giza 20 cultivars, 
respectively. 

Under I4 irrigation treatment, in 2008/2009 season, no. of leave/plant 
increased by 118.6, 105.2 and 12.1% more than those under I1, I2 and I3 
treatments, respectively. In 2009/2010 and 2010/2011 seasons similar trend 
was observed where the increase in no. of leave /plant under I4 irrigation 
treatment was (117.0 and111.1%), (102.8 and 99.1%) and (16.2 and 14.1%), 
respectively as compared with those under I1, I2 and I3 treatments. In 
connection, Satyendra et al. (2007) stated that irrigation had significant effect 
on growth parameters of onion. 

 In the first season, bulb diameter was increased under I4 irrigation by 
76.9, 82.9 and 24.3% more than those of I1, I2 and I3 treatments, respectively. 
In 2009/2010 and 2010/2011 seasons, similar trend was observed where the 
increase in bulb diameter under I4 irrigation treatment was (50.0 and 71.6%), 
(44.7 and 69.5%) and (11.5 and 29.1%), respectively as compared with those 
under I1, I2 and I3 treatments. 

Interaction of the adopted treatments did not exert any effect to influence 
onion plant height trait and such trend was true in 3 consecutive growing 
seasons Table (4) nevertheless, Giza red onion variety as interacted with I4 
irrigation treatment exhibited significant effect to increase no. of leave/plant in 
the 3 consecutive seasons, and in the 1

st
 & 3

rd
 seasons for bulb diameter 

character. 
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Table 4.  Interaction effect of irrigation treatments and onion cultivars on plant 

height, leaves number / plant and bulb diameter in 2008/2009, 

2009/2010 and 2010 / 2011 seasons. 

Irrigation 

A 

Varieties 

B 

Plant height (cm) N. of leaves / plant Bulb diameter (cm.) 

1 
st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 

 

I 1 

V 1 29.43 31.60 31.63 5.58 5.93 5.50 3.35 3.15 3.15 

V 2 38.73 40.60 39.80 6.35 6.40 6.43 3.48 3.63 3.55 

V 3 40.73 41.68 40.90 7.00 7.13 7.00 3.15 3.13 3.33 

Mean 36.29 37.96 37.44 6.31 6.48 6.31 3.33 3.30 3.34 

 

I 2 

V 1 39.83 42.20 41.20 6.10 6.38 5.95 3.05 3.20 3.25 

V 2 49.35 46.63 44.42 6.95 7.25 7.05 3.28 3.55 3.38 

V 3 52.05 51.85 51.05 7.10 6.95 7.05 3.33 3.50 3.53 

Mean 47.08 46.89 45.56 6.72 6.86 6.68 3.22 3.42 3.38 

 

I 3 

V 1 49.05 49.78 51.33 10.15 9.98 9.85 4.28 3.88 4.03 

V 2 56.68 53.78 60.05 12.43 11.73 11.55 4.83 4.60 4.43 

V 3 59.50 64.00 62.83 14.28 14.15 13.58 5.13 4.85 4.88 

Mean 55.08 55.85 58.07 12.28 11.95 11.66 4.74 4.44 4.44 

  

 I 4 

V 1 66.38 66.75 67.93 12.48 11.98 11.88 5.10 4.60 5.30 

V 2 69.90 68.72 69.93 14.15 14.65 13.13 6.08 5.00 5.45 

V 3 70.88 73.22 72.22 14.70 15.05 14.90 6.50 5.25 6.45 

Mean 69.05 69.57 70.03 13.78 13.89 13.30 5.89 4.95 5.73 

Mean over          

Varity 

V 1 46.17 47.58 48.02 8.58 8.57 8.29 3.94 3.71 3.93 

V 2 53.66 52.43 53.55 9.97 9.96 9.54 4.41 4.19 4.20 

V 3 55.79 57.69 56.75 10.77 10.77 10.63 4.53 4.18 4.54 

Interaction 

L.S.D at 5% 

A 3.05 2.63 3.375 1.157 0.690 0.461 0.308 0.436 0.351 

B 2.56 3.80 4.666 0.557 0.838 0.735 0.177 0.398 0.264 

A*B NS 3.92 NS 0.850 0.980 0.830 0.497 NS 0.494 

 
In Table (5) results of, bulb weight showed that, increasing no. of 

irrigations tended to increase such trait, where the values for I4 irrigation 
treatment were 95.2, 57.3 and 31.2% more than those under I1, I2 and I3 

treatments, respectively, in 2008/2009 season. The corresponding increase 
values in 2009/2010 and 2010/2011 seasons comprised (110.0 and 101.1%), 
(63.5 and 63.8%) and (39.8 and 31.6%), respectively, in the same order. In 
connection, Satyendra et al. (2007) found that higher irrigation rate (irrigation 
at 1.20 pan evaporation) produced higher bulb size and weight means, which 
decreased with the decrease in amount of irrigation. In addition, El-Akram 
(2012) in Egypt, stated that onion bulb yield was higher with 8 irrigation 
events, in comparison with 6 and 7 irrigation treatments.      

As for bulb weight trait, in 2008/2009 season, Giza Red variety still the 
superior with increase values reached 14.8 and 1.9% more than those for Giza 
6 Mohassan and Giza 20 onion varieties, respectively. Similar trends were 
noticed in 2009/2010 and 2010/2011 seasons where the increase values were 
(7.1 and 1.1%) and (15.6 and 5.6%), respectively, in the same order. 
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Table 5. Bulb weight, dry matter % and maturity for onion cultivars as effected by 

irrigation treatments in 2008/2009, 2009/2010 and 2010 / 2011 seasons. 

Irrigation 

Counts "A" 

Varieties 

"B" 

Bulb weight (g) Dry mater % Days to maturity  

1 
st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 

I 1 V 1 42.96 42.30 44.01 16.20 16.48 16.40 107.25 108.75 106.00 

 V 2 48.39 47.29 46.91 14.78 14.68 14.80 117.50 119.25 118.25 

 V 3 55.61 50.72 50.11 14.30 13.98 13.98 116.75 120.75 123.00 

Mean 48.99 46.77 47.01 15.09 15.04 15.06 113.83 116.25 115.75 

I 2 V 1 58.02 58.13 52.76 17.05 16.20 16.95 107.50 106.50 107.00 

 V 2 62.65 61.17 59.79 15.01 15.05 14.75 117.25 118.75 116.75 

 V 3 61.76 60.95 62.38 14.13 14.45 14.15 121.75 120.00 123.25 

Mean 60.81 60.08 58.31 15.40 15.23 15.28 115.50 115.08 115.67 

I 3 V 1 62.04 63.15 64.78 16.30 15.25 15.73 120.75 120.75 123.25 

 V 2 79.87 73.93 74.67 14.20 14.23 14.18 128.75 128.75 129.25 

 V 3 76.87 73.74 78.37 14.25 14.38 14.70 130.00 129.75 132.00 

Mean 72.93 70.27 72.61 14.92 14.62 14.87 126.50 126.42 128.18 

I 4 V 1 91.98 91.71 91.44 14.88 14.83 14.95 123.75 125.75 123.75 

 V 2 96.33 101.5 93.51 13.30 13.48 13.63 146.25 151.25 143.75 

 V 3 98.63 101.5 102.68 13.43 13.18 13.20 147.50 150.25 150.25 

Mean 95.65 98.24 95.54 13.87 13.83 13.93 139.17 142.42 139.25 

Mean over        

Cultivars          

                         

V 1 63.75 63.82 63.25 16.11 15.69 16.01 114.81 115.44 115.00 

V 2 71.81 70.97 68.71 14.33 14.36 14.34 127.44 129.50 127.00 

V 3 73.22 71.72 73.13 14.03 13.99 14.01 129.00 130.19 132.13 

Interaction 

L.S.D at 5% 

A 6.364 8.87 3.113 0.531 0.555 0.598 2.438 3.514 3.521 

B 4.180 NS 2.974 0.919 0.550 0.301 3.374 4.128 3.801 

A*B NS NS NS NS NS NS 5.209 3.614 4.771 

On the other hand, in Table (5) illustrate that dry matter percentage were 
significantly influenced by irrigation, in the 3 seasons. Dry matter persentage 
decreased with increasing number of irrigations; may by there is relation between 
declivity dry matter % with increasing water in bulb by irrigations. The 
interaction did not significant effect on dry matter percentage in 3 seasons. 

Data in Table (5) showed that days to maturity increased by increasing 
number of irrigations, and lack of irrigation advanced bulb maturity. Onion plants 
were significantly influenced due to adopted irrigation and varieties. Height 
maturing seemed to increase under I4 irrigation treatment by 22.3, 20.5, and 
10.0%, respectively as compared with those I1, I2 and I3 in 2008/2009 season. The 
corresponding increase values in 2009/2010 and 2010/2011 seasons, reached 
(22.5 and 20.3%), (23.5 and 20.4%) and (12.7 and 8.6%) under I4 irrigation 
treatment, comparable with those under I1 , I2 and I3 ones, respectively. Giza 6 
Mohassan was early cultivar than the others. The interaction between irrigation 
with cultivars was significantly affected, Giza 6 Mohassan with I1 and I2 gave 
short life (106 days) compared with Giza red cultivar under I4 gave the highest 
value of maturing (150.25 days), it might be due to moisture stress in this 
treatment have adversely affected the cell division and cell enlargement because 
of reduction in the level of endogenous phytohormones viz., auxins (Nandi et al 
2002) and Abd El- Gawwed (2008).  

 Data in Table (5) indicate that Giza red variety as interacted with I4 
irrigation treatment exhibited the highest figures for bulb diameter and bulb 
weight attributes in 3 successive seasons. 
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Marketable culls and total bulb yields 

 Data in Table (6) reveal that both marketable and culls onion bulb yields 
were significantly affected due to the adopted irrigation treatments in 3 
successive seasons of study. Regardless onion varieties, increasing the applied 
irrigation water under I4 treatment seemed to increase marketable bulb onion 
yield, in 2008/2009 season, by 119.3, 76.1 and 32.8% more than those recoded 
with I1, I2 and I3 irrigation treatments, respectively. Similar trends were 
observed in 2009/2010 and 2010/2011 seasons where the increases, in the 
marketable bulb yield under I4, were (109.0 and 118.2%), (104.8 and 69.8%) 
and (26.8 and 51.8%) higher than those with I1, I2 and I3 ones, respectively. 
Regarding culls onion bulb yield, irrigation treatments exhibited similar trend 
to that of marketable onion bulb yield (Table 6). Onion culls bulb yield 
seemed to increase under irrigation treatment(I4), in 2008/2009 season, by 
54.1, 32.5 and 29.2% more than those recoded with I1, I2 and I3 irrigation 
treatments, respectively. Similar trends were observed in 2009/2010 and 
2010/2011 seasons where the increases, in culls bulb yield under I4, were 
(71.0and 44.9%), (46.0and 42.2%) and (32.7and 9.0%) higher than those with 
I1, I2 and I3 ones, respectively. It is worthy to mention that marketable onion 
yield, as % out of total onion bulb yield, seemed to increase as applied water 
increased, where the %values ranged (84.5–86.1), (77.3–85.2), (79–84.4) and 
(78.2–80.3) under I4, I3, I2 and I1 irrigation treatments, respectively in 3 
successive seasons. Regarding total bulb yield, irrigating according to I4 
resulted in higher values reached 104.6, 67.8 and 30.3% higher than those 
recoded with I1, I2 and I3 irrigation treatments, respectively. Similar trends 
were noticed in 2009/2010 and 2010/2011 seasons where the increases, in total 
bulb yield under I4, were (91.9 and 102.1%), (86.7and 69.5%) and (24.5and 
38.90%) greater than those with I1, I2 and I3 ones, respectively, however, the 
differences did not significance level in 2009/2010 season.  

Higher figures for marketable, culls and total bulb onion yields under I4 

irrigation treatment may be owing to better growth performance of onion 
varieties resulting from optimize soil moisture status in the root zone which 
encourage water and nutrients absorption and consequently higher onion bulb 
yields. In this sense, Pelter et al. (2004) stated that soil-water stress caused by 
withholding irrigation at both the 3- and 7-leaf stages reduced onion yields by 
26%, compared with the control. Moreover, Satyendra et al. (2007) found 
that onion yield was significantly affected by irrigation. In addition, El-
Akram (2012) in Egypt, found that onion bulb yield was higher with 
frequently irrigation i.e. irrigating as 40% of available soil moisture was 
depleted, in comparison with irrigation at 60 and 80% ones.   

Regarding onion varieties, Giza Red onion variety exhibited the highest 
marketable onion yield values in 3 successive seasons reached 13.5 and 2.4% 
greater than those with Giza 6 Mohassan, Giza 20 ones, respectively, in 
2008/2009 season. Similar trends were obtained in 2009/2010 and 2010/2011 
seasons with increase values, for Giza red variety, comprised (21.0 and 5.2%) 
and (20.6 and 10.8%), respectively, comparable with Giza 6 Mohassan and 
Giza 20 ones. As for culls onion yield as influenced by the onion varieties, in 
2008/2009 and 2009/2010 seasons Giza red onion variety had lower values 
reached (15.2 and 14.8%) and (8.2 and 3.3%) less than those with Giza 6 
Mohassan and Giza 20 ones, respectively. Nevertheless, in 2010/2011 season 
the trend was reversed since Giza Red onion variety exhibited higher culls 
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onion yield values comprised 35.0 and 4.4% greater than those reported for 
Giza 6 Mohassan and Giza 20 ones, respectively. 

With respect to total onion yield, Giza Red onion variety  exhibited 
higher values where the increases were (13.7 and 6.3%), (20.4 and 3.7%) and 
(22.8 and 9.4%) more than those recorded for Giza 6 Mohassan and Giza 20 
varieties, respectively, in 2008/2009, 2009/2010 and 2010/2011 seasons. Data 
in Table (6) prove that interaction of the adopted irrigation treatments and 
onion varieties reveal an inconsistent trend to influence marketable, culls and 
total bulb yields in 3 successive seasons. 
 
Table 6.  Marketable, culls and total bulb yields (tons/fed.) for onion 

cultivars as affected by irrigation treatments in 2008/2009, 
2009/2010 and 2010 / 2011 seasons 

Irrigation 

Counts "A" 

Varieties 

"B" 

Marketable  yield 

(tons/fed) 

Culls yield 

 (tons/fed) 

Total  yield 

(tons/fed) 

1 
st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 

I 1 V 1 5.17 5.26 4.97 1.22 1.35 1.53 6.39 6.49 6.50 

 V 2 5.78 6.15 6.04 1.64 1.44 1.69 7.42 7.87 7.73 

 V 3 6.76 5.92 6.14 1.20 1.66 1.54 7.96 7.49 7.68 

Mean 5.90 5.77 5.71 1.35 1.48 1.58 7.25 7.25 7.30 

I 2 V 1 6.92 5.15 6.42 1.39 1.23 1.36 8.31 6.38 7.78 

 V 2 7.38 6.19 7.04 1.63 1.72 1.63 9.01 7.63 8.67 

 V 3 7.76 6.33 8.56 1.68 1.57 1.86 9.44 7.99 10.42 

Mean 7.35 5.89 7.34 1.57 1.50 1.61 8.92 7.45 8.70 

I 3 V 1 8.35 8.23 8.34 1.55 1.65 1.62 9.90 9.88 9.96 

 V 2 10.27 9.73 7.43 1.77 1.79 2.28 12.04 11.52 9.71 

 V 3 10.61 10.59 8.88 1.50 1.51 2.41 12.11 12.10 11.29 

Mean 9.74 9.52 8.21 1.61 1.65 2.10 11.34 11.17 10.62 

I 4 V 1 12.81 11.02 11.00 1.64 1.92 1.81 14.45 12.94 12.81 

 V 2 13.41 12.09 12.94 2.27 2.34 2.50 14.87 14.43 15.44 

 V 3 12.60 13.06 13.45 2.33 2.31 2.65 15.74 15.37 16.10 

Mean 12.94 12.06 12.46 2.08 2.19 2.29 15.05 13.91 14.75 

Mean over 

Cultivars 

                         

V 1 8.31 7.42 7.91 1.45 1.54 1.58 9.76 8.95 9.55 

V 2 9.21 8.54 8.34 1.84 1.82 2.03 11.04 10.36 10.36 

V 3 9.34 8.98 9.02 1.66 1.76 2.09 11.11 10.49 11.12 

                              A 0.671 0.848 0.901 0.182 0.233 0.271 0.743 0.988 1.047 

Interaction 

L.S.D at 5% 

B 0.543 0.387 0.999 0.144 0.184 0.186 0.871 0.642 0.871 

A*B 1.010 NS NS 0.312 NS 0.272 NS NS NS 

 
Onion– water relationships:  
1- Water consumptive use (WCU) 

Results in Table (7) reveal that, regardless onion variety, the highest 
water consumptive use values resulted from I4 treatment (5 irrigations) the 
three consecutive growing seasons. In 2008/2009 season, the increase in water 
consumptive use for crop due to I4 irrigation treatment reached 236.12, 146.95, 
56.60%, more than those recorded under I1, I2 and I3 treatments, respectively. 
Similar trends were observed in 2009/2010 and 2010/2011 seasons. The 
corresponding WCU increasing values for I4 treatment were (273.1 and 
230.9%), (104.8 and 113.0%) and (55.0 and 55.9%), respectively as compared 
with those of I1, I2 and I3 treatments. These results may be due to more 
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available soil moisture under more frequent irrigation (i.e.I4). In connection, 
Abu-Awwad (1999) stated that increasing applied irrigation water 
significantly increased evapotranspiration and/or transpiration for onion crop. 
Furthermore, Kadayifci et al.,(2005) found that high water use for onion was 
observed with increasing levels of irrigation. In addition, El-Akram (2012) in 
Egypt, found that onion crop evapotranspiration (ETc) was higher with 
frequent irrigation, i.e. irrigating as 40% of available soil moisture was 
depleted in comparison with irrigation at 60 and 80% depletion treatments. 
 
Table 7. Water consumptive use (m3/fed) by onion varieties as affected by 

irrigation treatments in 2008/2009, 2009/2010 and 2010/ 2011 

seasons 

Ir
ri

g
at

io
n
 

T
re

at
m

en
t*

 

2008/2009 2009/2010 2010/2011 

Onion variety**  

Mean 

Onion variety**  

Mean 

Onion variety**  

Mean 
V1 V2 V3 V1 V2 V3 V1 V2 V3 

I1 379.5 389.5 400.5 389.83 421.9 412.6 234.9 356.5 391.6 401.2 397.6 396.8 

I2 587.3 595.1 409.4 530.60 611.4 674.7 662.7 649.6 608.4 623.5 617.5 616.5 

I3 825.3 839.2 845.7 836.73 855.4 861.4 858.4 858.4 840.4 843.4 842.8 842.2 

I4 1304.0 1310.0 1317.0 1310.33 1328.3 1331.3 1330.7 1330.1 1310.2 1316.3 1312.7 1313.1 

Mean 774.03 783.45 743.15 766.88 804.3 820.0 771.7 798.7 787.7 796.1 792.6 792.1 
 

Regardless the adopted irrigation treatments, results in Table (7) reveal 
that, in 2008/2009 season, Giza 20 onion varieties exhibited the highest water 
consumptive use values which were 1.22 and 5.42% more than those recorded 
for Giza 6 Mohassan and Giza red ones, respectively. In 2009/2010 and 
2010/2011 seasons, the same trend was reported and the respected values were 
1.95 and 6.26% and 1.07 and 0.44% in the same order. 

Results show that there were no major differences between water 
consumption by the three varieties. Average water consumptive use values for 
Giza 6 Mohassan varied between 397 and 1314 m

3
/fed. For the I1 and I4 

irrigation treatments, respectively. The same respective values for Giza 20 
were between 401 and 1319 m

3
/fed. and were 407 and a320 m

3
/fed. for Giza 

red onion.  
2- Water use efficiency (WUE) and water productivity (WP)                            

Results in Table (8) show that, regardless onion varieties, as values of 
water consumed or water applied increased the marketable bulb yield 
decreased. In 2008/2009 season, the increased in WP values under I1 irrigation 
treatment were 5.1, 29.8 and 52.9% as compared with those under I2, I3 and I4 
treatments, respectively. Similar trends were observed in 2009/2010 and 
2010/2011 seasons with increasing percentages that reached (58.0 and 22.9), 
(93.6 and 49.8) and (93.4 and 54.1), respectively, in the same order. The 
obtained results agreed with those reported by Abu-Awwad (1999) and 
Kadayifci et al., (2005) they stated that water use efficiency for onion was 
maximum for the highest water level treatment. In connection, El-Akram 
(2012) in Egypt, found that water use efficiency was slightly higher with, 
more frequent irrigation, i.e. irrigating as 40% of available soil moisture was 
depleted, in comparison with irrigation at 60 and 80% ones.   

Results show also that Giza red onion variety proved to use the water 
more efficiently than Giza 6 Mohassan and Giza 20 varieties in the three 
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successive growing seasons. The increase in WP values for Giza red variety 
were 27.8 and 16.6% more than those recorded for Giza 6 Mohassan and Giza 
20, respectively in 2008/2009 season. In 2009/2010 and 2010/2011 seasons, 
similar trends were noticed with increasing values comprised (46.7 and 
28.1%) and (22.2 and 12.9%), respectively. 

Under the conditions of the present experiment and to conserve the 
limited irrigation water resources, as an important national issue, it is 
advisable to grow Giza red onion variety under the I3 irrigation treatment in 
order to obtain reasonable water productivity and water saving. 
Table (8). Water use efficiency (Kg/m3 consumed water) and water productivity (Kg/m3 

applied water) as affected by the adopted treatments   in 2008/2009, 

2009/2010 and 2010/ 2011 seasons 

Irrigation Variety 
2008/2009 2009/2010 2010/2011 

WUE WP WUE WP WUE WP 

I1 

V1 13.62 8.21 12.45 7.79 12.69 7.65 

V2 14.84 9.17 14.91 9.11 15.05 9.29 

V3 16.88 10.73 25.20 8.77 16.12 9.45 

Mean 15.11 9.65 17.52 8.56 14.62 8.80 

I2 

V1 11.78 7.10 9.62 5.80 10.55 6.36 

V2 12.40 7.57 11.30 6.85 11.29 6.97 

V3 18.95 8.00 12.34 7.46 13.86 6.27 

Mean 14.38 7.56 11.09 6.70 11.90 6.53 

I3 

V1 10.12 6.10 8.42 5.07 9.92 5.98 

V2 12.24 7.50 9.17 6.10 8.81 5.33 

V3 12.55 7.74 9.55 6.24 10.54 6.37 

Mean 11.64 7.11 9.05 5.80 9.76 5.89 

I4 

V1 9.82 5.92 8.3 5.00 8.40 5.10 

V2 10.24 6.19 9.08 5.48 9.83 5.95 

V3 9.57 5.82 9.81 6.10 10.25 6.18 

Mean 9.88 5.98 9.06 5.53 9.49 5.74 

Storability  

Data in Table (9) reveal that, in general, under the adopted irrigation 

treatments the values of bulb weight losses% significantly increased as the 

storage period increased. Data also clear out that lower values of bulb weight 

losses% were obtained under I3 irrigation treatment after two and four months 

storage periods, whereas after six months storage one, I4 irrigation treatment 

exhibited lower value and such trend was true in 3 successive seasons. 

However, Shock et al., (1998) found a substantial increase of decomposition 

in onion during storage with increasing irrigation. In this sense, Satyendra et 

al., (2007) stated that irrigation at 0.80 Ep resulted into minimum 

physiological loss in weight% for onion during 60 days of storage, while 

extended storage period, decreasing irrigation (0.60 Ep) had adverse effect on 

storability of the onion bulbs. These variations may be attributed to the 

difference in assessed irrigation treatments and/or onion varieties besides 

prevailing weather conditions during the storage periods. Rabbani et al. 

(1986) reported that storage losses in onion could be as high as 66% and many 
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factors, such as cultivars, bulb maturity, moisture content of the bulb, 

temperature, relative humidity, etc. are associated with spoilage of onion 

during storage. 

Regardless irrigation treatments, the onion varieties exerted a significant 

effect to alter onion bulb weight losses% due to the adopted storage periods. 

Data in Table (9) illustrate that the lower values of weight bulb losses% were 

exhibited by Giza 6 mohassan variety, comparable with Giza 20 and Giza red 

onion ones, respectively, in 3 consecutive growing seasons.  
Table 9. Weight losses percentage after 2,4 and 6 months as affected by irrigation 

treatments on same onion varieties in 2008/2009 , 2009/2010 and 2010 / 2011 

seasons. 

Irrigation 

Counts "A" 

Varieties 

"B" 

Weight losses (%)  

2 months  4 months 6 months 

1 
st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 1 

st
 2 

nd
 3 

rd
 

I 1 V 1 14.85 12.11 12.54 18.06 16.07 17.06 56.59 66.88 56.83 

 V 2 33.39 30.18 34.62 37.15 37.07 34.19 90.58 80.55 84.91 

 V 3 35.61 23.62 32.64 34.96 26.90 32.93 91.83 90.04 89.81 

Mean  27.95 21.97 26.60 30.06 26.68 28.06 79.67 79.15 77.18 

I 2 V 1 15.42 12.71 12.38 18.89 17.79 21.77 50.87 48.99 49.54 

 V 2 35.57 31.88 30.12 40.87 36.90 40.68 88.84 86.84 89.22 

 V 3 37.07 29.26 31.56 37.55 38.51 42.44 87.18 88.55 88.28 

Mean 29.35 24.62 24.69 32.44 31.06 34.96 57.63 74.79 75.68 

I 3 V 1 21.30 19.44 21.24 21.60 23.57 20.22 50.33 57.45 56.32 

 V 2 26.74 21.73 23.38 30.64 20.73 28.32 81.31 74.60 72.38 

 V 3 22.87 24.62 25.76 25.72 23.70 30.61 82.50 82.61 80.67 

Mean 23.64 21.93 23.46 25.99 22.67 26.38 71.38 71.55 69.79 

I 4 V 1 28.64 34.18 31.96 23.86 39.18 34.06 58.75 58.98 52.36 

 V 2 25.86 28.32 24.53 28.33 36.67 37.58 56.43 56.32 53.01 

 V 3 24.94 32.09 29.73 31.58 47.72 36.47 57.43 70.13 59.49 

Mean 26.48 29.53 28.74 27.93 41.19 36.04 57.54 61.84 54.95 

Mean over       V 1 20.05 19.61 19.53 20.61 24.15 23.28 54.14 58.07 53.76 

Cultivars         V 2 30.39 26.52 28.16 34.25 32.84 35.19 79.29 74.58 74.88 

                        V 3 30.12 27.39 29.92 32.45 34.21 35.61 79.74 82.85 79.56 

A 3.369 2.519 3.328 NS 5.272 3.936 2.123 4.757 3.946 

L.S.D at 5% for    B 5.603 2.635 2.800 2.234 3.136 3.173 4.577 4.015 5.176 

A*B 5.650 5.803 7.703 8.302 4.058 6.974 10.441 7.325 6.541 

The interaction effects of the adopted treatments on onion bulb 

storability were almost significant under the different storage periods in 3 

successive seasons. Generally, the lower values of weight bulb losses% were 

recorded due to  

One of the main advantages with irrigation is the ability to meet crop 

water requirements. This is particularly important as the crop matures, as over 

watering on onion crop near harvest can damage the bulbs and reduce shelf 

life. Although irrigation increased yield it also increased the incidence of 

disease, and rots in storage, when the bulbs were stored for up to four months. 
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However, the predator variety was more susceptible to disease, and this 

susceptibility greatly increased with frequency of irrigation. 
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 تأثير عدد الريات علي النمو و المحصول و القدرة التخزينيةتقييم 
 لبعض أصناف  البصل  وحدة المياهوإنتاجية 

 

 *محمد جمعه مرسى ** خالد محمود عبداللطيف
قسم المقننات  –صل ** معهد بحوث الاراضى والمياه والبيئة قسم الب –*معهد المحاصيل الحقلية 

 .مركز البحوث الزراعية –المائية والرى الحقلى 
 

 8000/8000،  8003/8000،  8002/8003حقليتتتلا  تتتم  م  تتت  ال التجتتت    أقيمتتت  
:  يتتلا  I0) تتتيري  عتت   ال يتت     ا تتلا بنتتس  تت يد بمتت د م   تتلا – تت  الز اعيتتلا ببحتت   البمحطتتلا 
:  يتلا الشتت  ر  I4:  يتلا الشتت  ر المح يت   ر  يتلا ت ليتلا،  I3، ة:  يتلا الشتت  ر  يتلا المح يت  I8الشتت ، 

  كفت ةة انتتت    القت  ة الت زينيتتلا الب تت ،  مح ت  ف   النمت   علتس  تت  يت   ا تت    3المح يت   ر 
:  V0 80جيتزة : V8 ،مح تا 6جيتزة  : V0 هتس:  علس رم  أ تن د متا الب ت   ح ة المي    ذلك

المتح ت   النتت ج  هت أك نت    ي  القطع المنشقلا  س أ ب تلا مكت  ا ت م  س ذلك ا ت     ة أحم جيز
 : كم  يلس عليم 

 تس  I4  يت   5  اق  قطت  الب تللا م ن يت  بزيت  ة عت   ال يت   التس لأزا  ا تف ع النب    ع   ا -1
ال تف    تس  تس هتذ   80مح ا، جيتزة  6الرم  م ا  .  تف ق ال ند جيزة احم  علس جيزة 

 تن د مت  عت ا لأر    تف   النمت  م ن يت  ب لتف عت  بتيا م ت مم  الت    ايك  الم ا ت . كمت  تت
     الر ل   قط  الب للا  س الم    الر نس.لأا تف ع النب    س الم    ا

 ن د تير ا م ن ي  علس  زا الب تللا، ن تبلا المت  ة الج  تد، عت   لأأر   م  مم  ال    كذلك ا -2
علتتس أكتت ا لنضتت ، المح تت   الت تت يقس  النقضتتد  المح تت   الكلتتس  تتس التترم  م ا تت . الايتت   ل

طا/ تتتتتت اا،  كتتتتتتذلك أعلتتتتتتس مح تتتتتت   كلتتتتتتس  03.45، 03.06، 08.6مح تتتتتت   ت تتتتتت يقس 
،  8003/8000،  8002/8003طا/ تتتتتتتتتتتتت اا  تتتتتتتتتتتتتس م ا تتتتتتتتتتتتت   06.00، 05.14،05.31

  بينم  نق   ن بلا  ي  5عط ة ال ند جيزة احم  ع   إعلس الت الس ق  نت  ما 8000/8000
 زي  ة ع   ال ي    س ك  الم ا  .ب لاالم  ة الج  

، 132.1، 166.22كتتتت ا الا تتتتتممك المتتتت جس للب تتتت  كمت  تتتتط لم تلتتتتد الم تتتت مم  هتتتت    -3
عطتت ة إ   أ/ تت اا  تتس الم ا تت  الرمرتتلا علتتس الت تيتت  مشتتتمم علتتس  يتتلا الشتتت . كمتت  3 138.0

لس قي  لم تممك الم جس الم  مس  التتس ك نت  عأ ي   للح    علس  5ع    80ال ند جيزة 
 /  اا  س الرم  م ا   المت  قبلا.3 0 0306.3، 0330.3، 0300

أ   زي  ة ع   ال ي   المض  لا الس ان فت   انت جيتلا  حت ة الميت   ب لن تبلا لكت  الا تن د.  كت ا  -4
ا ميت   الت   هتس أعط ة  يلا  اح   )الشت   لل ند جيتزة احمت  هت  اكرت  الم ت مم  ا تتف    مت

، 8003/8000،  8002/8003متتتتتتت ة م تتتتتتتتملك  تتتتتتتس  3كجتتتتتتت /  06.08، 85.80، 06.22
 علس الت تي  ق  نتج  ما    ال ند جيزة احم   يلا  اح    قط. 8000/8000

 ي    ذلك ب    3ك ن  اق  ن بلا مج يلا للفق   س ال زا ق  نتج  ما م  ملد  م  الرم  م ا    -5
 يت   قت  أعطت   5أشتم   جت  اا م  ملتلا اضت  لا  6بينم  ب   مت     شم   ت زيا 4، 8م    

مح تا أهمت  أقت  ن تبلا  قت   تس  6اق  ن بلا  ق   س الت زا هتذا ب لاضت  لا التس اا ال تند جيتزة 
  جيزة احم . 80مق  نلا بجيزة ال زا 


