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Inroduction                                                                

Onion (Allium cepa L.) is considered among 
the most important vegetable and food crops 
in Egypt. It is ranked the third in cultivated 
areas, after potatoes and tomato and also for 
production and trade in the world and in Egypt. 
In spite of the production amounts that covers 
the national consumption needs, but the demand 
for exportation nowadays grows continuously. 
Such as interactions between genotype and 
environment, epistasis and strong environmental 
affects make difficult to develope workings to 
promote salinity tolerance of a number of crops. 
In addition, to understand studies and the high 
yielding varieties, optimal cultural practices and 
its responses to moisture and salt stress would 
lead to qualitative and quantitative improvements 
in productivity and quality of bulb and seed 
(Mangal et al., 1989; Rouamba et al., 2001 and 
Galdón et at., 2008). Renu & Rashid (2001) noticed 
that flax plants exhibited enhancement of shoot 
bud formation after exposure to salt treatment.
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A POT experiment was conducted in the greenhouse of the National Research Center, 
Dokki, Cairo, Egypt during winter season  of 2014/2015 to evaluate the effect of salt 

stress from diluted seawater (tap water, 2000, 4000 and 6000ppm) on growth, yield and 
chemical composition of three onion varieties (Giza 6, Giza 20 and Behary red). Nether top 
height nor the number of green leaves cleared any significant difference between the used three 
varieties. Furthermore, the bulb/top ratio or bulb/whole plant ratio of Giza 6 plants exceeded 
those of Giza 20 or Behary red. Behary red leaves showed the lowest values of Chl. a, Chl. 
b, total carotenoids and Chl. a+Chl. b. However, the highest values of these parameters were 
detected in the leaves of plants of Giza 20 variety and those for Giza 6 comes in between. Top 
height decreased but the number of green leaves did not affect by salt stress. However, the top 
and whole plant dry weight drastically depressed by increase salt concentration in water of 
irrigation (diluted seawater). Nevertheless, bulb to top ratio and bulb to whole plant ratio (in dry 
weight basis) increased as the salt level increased in the root media. The results also indicated 
that salinity promoting the concentration of these pigments and this promotion increased until 
4000ppm salt level and tended to decrease with the highest level used but still more than the 
control.  
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The adverse effect of salinity on growth and 
yield were detected by several authors such as 
Badr (2001), Cantrell & Linderman (2001), Abd 
El-Baky et al. (2003), Abd El-Aziz  et al. (2006), 
Hussein & El-Greatly (2007) and Pagter et al. 
(2009). Striu  et al. (1972) and Hose et al. (2001) 
mentioned that permeability of cell walls of onion 
plants to solutes and water is deferentially reduced 
by stresses such as drought, salinity, anoxia, heavy 
metal or nutrients stress. 

Developing varieties able to maintain 
productivity at low or moderate levels of salt 
stress by breeding investigations may provide 
a relatively cost-effective short-term solution 
to this issue (Bahardwaj et al., 2010). The 
determination of varieties as sensitive or tolerant 
be an influential strategy to accomplish the 
salinity stress. According to the behavior in saline 
conditions, plants can be classed as glycophytes 
(salt susceptible) and halophytes (salt tolerant) 
(Flowers et al., 1977; Maas & Newman, 1978 and 
Wang, et al., 2005). 
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Varietals differences were studied by Rouamba 
et al. (2001), Chen et al. (2001) and Abd El-Baky 
et al. (2003). Arvin & Kazemi (2002) reported that 
Texas and Dessey cultivars produced the highest 
and lowest SDW, respectively than Dehdrater and 
PX492 varieties.

Oueslati et al. (2008), Wu & Kubota (2008), 
Pagter et al. (2009) and Xue & Yang (2009) observed 
the effect of salinity on photosynthetic pigments in 
leaves of vegetable and fruit crops. 

The interaction effect of varietals differences 
and salt stress were found by Abd El-Baky et al. 
(2003) and Bekheet et al. (2006).

This study aimed to evaluate the growth and 
photosynthetic pigments response of different 
onion varieties to different salt stress induced by 
irrigation with diluted seawater.

Materials and Methods                                          

A pot experiment was conducted in the 
greenhouse of the National Research Centre, 
Dokki, Cairo, Egypt during winter season of 
2014/2015 to evaluate the effect of salt stress 
using diluted seawater on growth, yield and 
chemical composition of three onion varieties. The 
treatments were as follows:

a) Varieties: Behary red, Giza 6 and Giza 20. 

b) Salinity: Irrigation by water contains 2000, 4000 
and 6000ppm from diluted seawater and tap 

water (300ppm) as a control.

The experiment included 4 levels of salinity in 
combination with three varieties, i.e. 12 treatments 
in 6 replicates. Metallic ten pots 35cm in diameter 
and 50cm in depth were used. Every pot contained 
30kg of air dried clay loam soil. The inner surface 
of the pots was coated with three layers of bitumen 
to prevent direct contact between the soil and metal. 
In this system, 2kg of gravel (particles about 2-3cm 
in diameter), so the movement of water from the 
base upward. Pysical and chemical properties of 
used soil are presented in Table 1.

Onion (Allium cepa L.) varieties seedlings 
were transplanted to pots in winter season at Dec, 
1st. Plants were thinned twice, the 1st days after 
sowing and the 2nd two weeks later to leave three 
plants/pot. Calcium super phosphate (16% P205) 
and potassium sulfate (48.5% k2O) in the rate of 
3.0 and 1.50g/pot were added before sowing. 
Ammonium sulfate (20.5% N) in the rate of 6.86g/
pot was added in two equal portions, the first after 
two weeks of transplanting and the second after 
two weeks later. Irrigation with diluted seawater in 
different concentrations were started 21 days tell 
days after transplanting (one irrigation by salt water 
and the next was by fresh water, alternatively).   

Photosynthetic pigments were determined 
using the method described by Von Wettstein (1957).

Data collected were subjected to the proper 
statistical analysis with the methods described by 
Snedecor & Cochran (1980). 

TABLE 1. Pysical and chemical properties of used soil. 

Characteristics Characteristics

Particle size distribution Soluble cations and cations (meq/L)

Sand (%) 10.33 K+ 0.5

Silt (%) 29.40 Na+ 3.2

Clay (%) 60.27 Ca++ 0.5

Texture Clay soil Mg++ 0.5

PH (1:2.5 Soil:Water) 8.25 CO3
-- -

EC (1:5) (dS/m) 0.44 SO4
-- 0.6

CaCO3 (%) 2.02 HCO3 1.6

O. M. (%) 1.23 Cl- 2.5

Total N (ppm) Available P (ppm)

N 619 P 219
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Results and Discussion                                            

Varietals differences 
Growth
Neither top height nor number of green leaves 

cleared any significant differences between the 
used three varieties. Dry mass of top, bulb or 
whole plants showed similar response (Giza 20 or 
Behary red) (Table 2 and Fig. 1). Several studies 
were done on evaluation of varietal differences 
of the vegetable crops (Bonasia et al., 2001 and 
Abdal & Suleiman, 2003). Kumar et al. (2008) 
and Khokhar (2009) related the differences to 
the genetical variation of cultivars or varieties. 
Martínez et al. (2000) and Roldán et al. (2008) 
showed differences in vegetative and dry matter 
parameters of onion varieties. Moreover, Zaki  
et al. (2009) under saline water irrigation, in pot 
experiment evaluated some sweet fennel cultivars. 
They reported that Zefu fino was the highest 
vegetative growth expressed as plant height, leaf 
numbers, fresh and dry weight of leaves, bulbs 
and total plant as well as green yield compared 
with Selma and dolce cultivars.

Weight of foliage and bulb weight showed 
significant differences due to the interaction 
between the two factors, treatments and plant 
age. A ~22% reduction in plant weight, 35 days 
after transplanting, occurred in treatment in 
comparison to the onion plants irrigated with the 
control solution (Sta-Baba et al., 2010)

Chlorophyll and carotenoids (photosynthetic 
pigments)

Data presented in Table 3 and Fig. 2 indicated 
differences among varieties in the study under 
taken. Bhary red variety showed the lowest 
values of Chl. a, Chl. b, total carotenoids and 
Chla+Chl. b. However, the highest values of 
these parameters were detected in plants of Giza 

20 variety and those for Giza 6 came in between. 
Gang et al. (1992) indicated that various varieties 
of tartary buck wheat has various amount of 
chlorophyll content. The chlorophyll content are 
significantly positive correlated to the biomass 
and grain yield of a single plant. Agar et al. (1998) 
investigated the chlorophyll content in twenty 
different varieties and indicated that generally, 
Italian varieties showed the highest chlorophyll 
a content. Although, Ghiandalora had the lowest 
chlorophyll a content among the Italian varieties, 
its chlorophyll a content was significantly higher 
than the varieties from other countries. Turkish 
and Iranian varieties showed an intermediate 
chlorophyll a, b and total chlorophyll content 
whereas Syrian and Greek varieties were found to 
be the lowest. As a result, it could be concluded 
that Italian varieties were found to be superior in 
kernel chlorophyll content compared to Turkish 
and Iranian varieties.

Chowdhury & Johri (2003) mentioned that 
experimental findings showed that the leaves of the 
Bangla variety showed higher chlorophyll content 
in comparison to Mitha variety. Chlorophyllase 
activity was on the other hand higher in Mitha 
variety in comparison to Bangla variety. 
Karele (2006), using early varieties (‘Donskaja 
polukarlikovaja’ and ‘Sirvintas-1’) and medium 
to late wheat varieties (‘Otto’ and ‘Bussard’) for 
studied distribution and content of chlorophyll 
in different plant parts, found that low content of 
chlorophyll in leaves of late varieties than that of 
the early varieties. Khalil (2006) noticed that Giza 
32 sesame than Shandawell 3 cultivar revealed 
higher chlorophyll stability index % during 
the two growth stages and growing seasons. 
Efeoğlu et al. (2009) reported the differences in 
Chlorophyll (Chl.) (Chl. a, Chl. b, total Chl. (a+b) 
and carotenoid contents of three maize cultivars. 

TABLE 2. Plant growth of different onion varieties.

Variety Top height Number 
of leaves

Dry weight (g) 
Bulb/top

ratio
Bulb/whole
plant ratioTop Bulb Whole 

plant

Behary red 68.17 6.08 6.95 8.50 15.45 1.22 0.55

Giza 6 64.20 6.40 6.28 11.83 18.11 1.88 0.66

Giza 20 67.34 5.93 9.62 9.56 19.18 0.99 0.51

LSD at 5% N.S N.S N.S N.S N.S ------- -------
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Fig. 1. Plant growth of different onion varieties.

TABLE 3. Photosynthetic pigments (ppm) in plants of some onion varieties. 

Varieties Chl. a Chl. b Carotenoids Chl. a+Chl. b Chl. a:Chl. b Chl. a+Chl. b:Carotenoids
Behary red 5.70 3.35 0.71 9.05 1.70 12.96
Giza 6 6.21 4.70 0.77 10.91 1.11 14.19
Giza 20 6.66 5.82 0.99 12.45 1.15 12.58
LSD at 5% 0.61 0.21 0.12 1.75 -------- -------

Fig. 2. Photosynthetic pigments in ppm in plants of some onion varieties. 

Salinity
Growth
Data presented in Table 4 and Fig. 3 noticed 

that top height decreased but number of green 
leaves was not affected by salt stress. However, 
the dry weight of top and whole plant drastically 
depressed by the increase in salt concentration 
in water of irrigation (diluted seawater). 
Nevertheless, bulb to top ratio and bulb to whole 

plant ratio increased as the salt level increased in 
the root media.

Badr (2001) subjected onion or carrot plants 
to non-saline and saline water irrigation by adding 
equal parts of NaCl and CaCl2 to establish 0.25 
and 50mM in 4 days intervals and demonstrated 
than tops+roots/pot decreased by salinity. Özmen 
et al (2003) found that much more salts affected 
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TABLE 4. Plant growth of onion and its response to irrigation with diluted seawater.

Salinity 
(ppm) Top height Number of 

leaves
Dry weight (g) Bulb/top

ratio
Bulb/whole
plant ratioTop Bulb Whole plant

0 71.33 6.47 11.96 13.12 25.08 1.10 0.52

2000 68.57 6.43 81.7 10.73 18.90 1.31 0.60

4000 64.78 5.87 5.68 8.58 14.26 1.51 0.60

6000 61.59 5.43 4.64 7.40 12.04 1.60 0.62

LSD at 5% 5.65 N.S 4.14 3.64 3.96 ------- -------

seedlings establishment and crop yield of onion. 
Amorim et al. (2002) revealed that garlic plants 
are relatively tolerant to salinity at the bulb 
formation stage and initial growth up to 30 days. 
The salinity treatment started affecting aerial parts 
during the period 30–60 days after sowing (DAS) 
while the bulb growth is affected only between 
60–90DAS. The most sensitive phase of bulb 
growth to salinity was the last 30 days of the crop 
cycle. Al-Hakimi (2000) on broad bean and Cantrell 
& Linderman (2001) showed the damages on the 
growth caused by salinity on lettuce and onion and Al-
Hakimi (2000) and Hamada &Ahmed (2004) on broad 
bean and Cantrell & Linderman (2001) on lettuce and 
onion, they showed the damages of salinity on growth 
of these bulbs.

Moreover, Abd El-Baky (2003, 2008) and 
Mohammed (2002) detected the effect of salinity and 
antioxidant defense and Abd El-Aziz et al. (2006) 
detected the effect of salt stress on chemical constituents 
of the plants. This Findings were confirmed by Arvin 

& Kazemi-Pour (2002) and Rahdari et al. (2012) 
demonstrated that NaCl and drought treatments 
significantly reduced root dry weight (RDW) and 
stem dry weight (SDW) and increased Na uptake, 
but reduced K uptake in shoots and roots and 
Ca uptake in roots. Vegetative growth of sweet 
fennel plants expressed as plant height, leaves 
number, fresh and dry weight of leaves, bulbs and 
total plant as well as green yield were depressed 
linearly by sea water concentrations from 0 up to 
5000ppm (Abo El-Magd et al., 2008). 

Chlorophyll and carotenoids (photosynthetic 
pigments)

Table 5 and Fig. 4 showed the data of 
chlorophylls and carotenoids concentration.  
These data indicated that salinity promoting 
the concentration of these pigments and these 
promotions increased until 400ppm salt level and 
tended to decrease with the highest level used but 
still more than the control. 

Fig. 3. Plant growth of onion and its response to irrigation with diluted seawater.
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TABLE 5. Effect of salinity on photosynthetic pigments of onion plants.

Salinity Chl. a Chl. b Carotenoids Chl. a+Chl. b Chl. a:Chl. b Chl. a+Chl. b:Carotenoids

Without 5.95 4.19 0.79 10.14 1.43 12.84
S1 6.22 4.61 0.75 10.83 1.35 14.44
S2 6.39 6.,37 0.93 12.76 1.00 13.72
S3 6.20 5.15 0.88 11.35 1.20 12.90
LSD at 5% N.S N.S 0.06 0.93 ------ -------

Fig. 4. Effect of salinity on photosynthetic pigments in ppm of onion plants.

Due to changes in chlorophyll content and 
chlorophyll fluoresace, net photosynthesis and 
stomatal conduction are significantly affected 
(Agastian et al., 2000 and Doganlar et al., 2010). 
The reduction of chlorophyll a and chlorophyll b 
with sodium chloride addition in many crops was 
attributed to a salt induces of increases in destructive 
enzymes called chlorophyllase (Rahdari et al., 
2012 and Rahdari & Hossaini, 2011). However, 
Turan et al. (2007) related these reductions to the 
weakening of protein-pigments-lipid complex or 
increase in enzymes activity.

Salinity X variety
Growth 
The interaction effect of varietal differences 

and salinity were illustrated in Table 6 and Fig. 
5, this interaction only significant on top height. 
The highest effect of high salinity treatment was 
shown in Giza 6 variety more than Behary red or 
Giza 20. The differences on the other measured 
growth characters not enough to reach the level of 
significant.  Nevertheless, bulb to  top and bulb/
whole plant weight ratios generally improved by 
salt stress treatment.

Several studies were done on evaluation the 
salt tolerant of vegetable crops such as Mingal et 
al. (1991), Al-Islali & Bahray (1994), Shannon & 
Grieve (1999), Wang & Nill (2000), Abd El-Baky et 
al. (2003) and Wang et al. (2005). On onion some 
studies were conducted to investigate the varietals 
differences in growth paramaters (Mingal et al., 
1991; Al-Islali & Bahray, 1994 and El-Dewiny et 
al., 2013).

Hanci & Cebec (2010) found that “Akgun” 
determined more tolerant than the other varieties, 
at 9.6dSm-1 condition. The survived individuals of 
this variety were selected as “candidate line”. At the 
last year of study, the selected line was evaluated 
for both seed germination and seedlings growth at 
three treatment levels of 0 (non stress), 250mM, 
and 350mM NaCl and were compared with the 
unselected population. Sudha & Riazunnisa (2015) 
stated that the results indicated that selections were 
effective at all two salt-stress levels. Among highest 
salinity levels, GP, GR and SV were observed in 
50mM and the lowest in 200mM concentration 
against control. Agrifound white is the tolerant one 
and LINE - 28 is susceptible to salt stress.
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TABLE 6. Plant growth of three onion varieties and its response to irrigation with diluted seawater.

Variety Salinity 
ppm Top height Number 

of leaves

Dry weight (g) Bulb/
topratio

Bulb/
whole

plant ratioTop Bulb Whole plant

Behary 
red

0 70.00 7.0 10.41 11.50 21.11 1.11 0.53
2000 69.33 6.0  7.20  9.98 17.18 1.39 0.58
4000 70.33 5.3  5.94  7.75 13.69 1.31 0.57
6000 63.00 6.0  4.24  4.75  8.99 1.20 0.53

Giza 6

0 72.00 6.7  9.61 15.29 24.90 1.59 0.61
2000 63.70 6.3  6.86 10.35 17.21 1.51 0.60
4000 63.33 6.3  5.09 11.13 16.22 2.19 0.69
6000 57.77 5.3  3.54 10.54 14.08 2.98 0.75

Giza 20

0 72.00 5.7 15.87 12.57 28.44 0.79   0.44
2000 72.67 7.0 10.45 11.88 22.33 1.14 0.53
4000 60.67 6.0  6.02  6.85 12.87 1.14 0.53

6000 64.00 5.0  6.13  6.92 13.05 1.13 0.53

L.S.D at 5 % 7.15 N.S N.S N.S N.S ------ --------

Fig. 5. Effect of salinity on the dry weight of three onion varieties.

Chlorophyll and carotenoids (photosynthetic 
pigments)

The interactive effects of varietal differences 
and salt stress on photosynthetic pigments 
concentration were presented in Table 7 and 
Fig. 6.

The highest concentration of Chl. b in Giza 6 
and Bhary red was in leaves of plants irrigated by 
solution contains 4000ppm salts, meanwhile, this 
high concentration in Giza 20 was by the highest 
level of salt used (6000ppm). The same response 
was shown in Chl. a+Chl. b concentration in 
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Fig.5. Effect of salinity on the dry weight of three onion varieties. 
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TABLE 7. Effect of salinity on photosynthetic pigments in ppm in plants of some onion varieties.

Varieties Salinity Chl. a Chl. b Carotenoids Chl. a+Chl. b Chl. a:Chl. b Chl. a+Chl. b:Carotenoids

Behary Without 5.57 2.50 0.85  8.07 2.23   9.49

2000 5.75 3.66 0.59  9.41 1.57 15.95

4000 6.34 5.12 0.70 11.46 1.24 18.37

6000 5.15 4.41 0.89   9.56 1.17 10.74

Giza 6 Without 6.03 4.40 0.53 10.43 1.37 19.68

2000 6.35 4.67 0.74 11.02 1.36 14.92

4000 6.02 5.02 0.98 11.04 1.20 11.27

6000 6.43 4.72 0.81 11.15 1.36 13.77

Giza 20 Without 6.24 5.49 0.98 11.73 1.14 11.97

2000 6.55 5.49 0.92 12.04 1.20 13.09

4000 6.82 5.96 1.12 12.78 1.14 11.41

6000 7.02 6.32 0.93 13.34 1.11 14.35

L.S.D at 5 % N.S 2.78 N.S 1.74 ----- ----

Fig. 6. Effect of salinity (ppm) on photosynthetic pigments in plants of some onion varieties.

Behary red but this parameter in Giza 6 and Giza 
20 gave the same response of Giza 20 

Greenway & Munns (1980) explained the salt 
tolerance mechanisms in nonhalophyte, Efeoğlu et al. 
(2009) stated that Chl. a, Chl. b, total Chl. (a+b) 
and carotenoid contents of all maize cultivars were 

significantly reduced under drought, but a recovery 
was observed following re-watering. Moreover, 
Hussein & El-Dewiny (2011), Hussein et al. 
(2011a, b and 2012) and Hussein & Abd El-Hady 
(2014) recorded the interaction effect of varietal 
differences  and salt or moisture stress chlorophyll 
and carotenoids content in different crops.
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Fig 6: Effect of salinity on photosynthetic pigments in ppm in plants of some  onion  
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Conclusion                                                                  

This work conducted to evaluate the effect of 
salt stress from diluted seawater (tap water, 
2000, 4000 and 6000ppm) on growth, yield and 
chemical composition of three onion varieties 
(Giza 6, Giza 20 and Behary red). Nether top 
height nor the number of green leaves cleared 
any significant difference between the used three 
varieties. Behary red leaves showed the lowest 
values of Chl. a, Chl. b, total carotenoids and Chl. 
a+Chl. b. However, the highest values of these 
parameters were detected in the leaves of plants 
of Giza 20 variety and those for Giza 6 comes in 
between. Top height decreased but the number of 
green leaves did not affect by salt stress. However, 
the top and whole plant dry weight drastically 
depressed by increase salt concentration in water 
of irrigation (diluted seawater). The results also 
indicated that salinity promoting the concentration 
of these pigments and this promotion increased 
until 400ppm salt level and tended to decrease 
with the highest level used but still more than 
the control. It could be concluded that varieties 
differently responded to salt stress.  
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الكلورفيل والكاروتينات ونمو ثلاثة اصناف بصل وتاثرها بالرى بالماء المالح
محمد مرسى محمد حسين)1( و سوسن يوسف أحمد الفحام)2(

)1( قسم العلاقات المائية والرى - الشعبة الزراعية - المركز القومى للبحوث الجيزه - القاهره - مصر و)2( قسم 

تكنولوجيا الأغذية - شعبة الصنات الغذائية والتغذية - المركز القومى للبحوث - القاهرة - مصر.

الشتوى  الفصل  خلال  مصر   - القاهرة   - الدقى   - للبحوث  القومى  المركز  صوبة  فى  أصص  تجربة  أجريت 
2015/2014 لتقييم تأثير الإجهاد الملحى بإستخدام ماء البحر المخفف )ماء الصنبور، 2000، 4000 و6000 
جزء/مليون( على النمو والمحصول و التركيب الكيماوى لثلاثة اصناف من البصل )جيزة 6 ، جيزة 20 و بحيرى 
احمر(. لإرتفاع المجموع الخضرى فوق سطح التربة ولأعداد الأوراق الخضراء، لم تظهر أى أختلافات معنوية 
إحصائيا بين الثلاثة أصناف المستخدمة. علاوة على ذلك فإن نسبة البصلة للجزء فوق سطح التربة ونسبة البصلة 
20 أوصنف بحيرى أحمر. أوراق بحيرى  تلك للصنف جيزة  6 زادت عن  للنبات لصنف جيزة  الكلى  للوزن 
أحمر أظهرت أقل القيم لكلورفيل أ و كلورفيل ب والكاروتينات الكلية ومجموع كلورفيل أ+ب بينما أعلى قيم لهذه 
الصفات نتجت فى أوراق جيزة 20 بينما قيم هذه الصفات لصنف جيزة 6 جاءت بين تلك التى للأثنين. أرتفاع 
المجموع الخضرى قل بينما عدد الأوراق الخضراء لم يتأثر بالإجهاد الملحى. بينما وزن القمة أو الأجزاء أعلى 
سطح التربة أو الوزن الكلى للنبات تأثرت بشدة بزيادة تركيز الأملاح فى ماء الرى )ماء البحر المخفف(. إلا أن 
نسبة البصلة إلى الأوراق فوق سطح التربة أو البصلة إلى الوزن الكلى للنبات )على اساس الوزن الجاف( زادت 
مع زيادة تركيز الأملاح حول جذور النباتات. أظهرت أيضا النتائج أن الملوحة شجعت تركيز هذه الصبغات  
وهذا التحسين زاد حتى تركيز 4000 جزء/مليون من الأملاح ثم مال تركيزها إلى الأنخفاض بإستخدام المستوى 

الأعلى من الأملاح فى ماء الرى ولكن مستوى هذه التركيزات ظل أعلى من تلك التى فى نباتات المقارنة.   
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