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ABSTRACT 

Celery crop belongs to the family Umbelliferae. The present study aims to understand the physical and 
chemical changes in celery plants that affected by using saline water in irrigation. A pot experiment was 
conducted during the two winter seasons of 2017/2018 and 2018/2019 to study the effect of irrigation with 
agriculture saline drainage water brought from Karoun Lake in El-Fayoum Governorate, Egypt on the growth 
and chemical contents of celery plants cv. Balady. The used saline water concentrations were 1000, 2000, 3000 and 
4000 ppm and tap water at 260 ppm was used as control. The results showed that the plant length, fresh weight 
and number of leaves were increased significantly at a concentration of 1000 ppm as compared with control. 
Meanwhile, gradual decrease occurred in these characters with increasing salinity levels. The contents of ascorbic 
acid, total chlorophyll, carotenoids, nitrogen, phosphorus, potassium and dry weight were significantly increased 
up to the level of 2000 ppm then gradual decrease was occurred with increasing salinity levels. As for the contents 
of total soluble solids (TSS.), sodium and proline significantly increased with each increase in the saline level. In 
conclusion, celery cv. Balady can be irrigated with the limit of 1000 ppm saline water. 
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INTRODUCTION 

Celery is a cool crop that belongs to the 
family Umbelliferae. It is grown for its leaves 
that are the edible portion of this crop, Celery 
leaves can be prepared as a cooked vegetable 
or eaten raw in salads. 

The quantity of drainage water which 
reached approximately about 13.5 billion 
m3/year in Egypt flow unused to the 
Mediterranean Sea and the coastal lakes that 
connected with the sea Apart of this water 
could be reused for irrigation purposes to 
overcome water shortage in the agricultural 
area. The use of saline water for irrigation is 
feasible, however, when water is alternated or 
combined with good quality water supplies 
(Abd EL-Sayed et al., 1993). 

The previous work revealed that irrigation 
of parsley with saline water significantly 
increased the plant length, fresh weight, 
number of leaves, ascorbic acid and dry 
weight up to 2000 ppm. However, using 
higher levels of saline water decreased these 
attributes. Another picture araised for TSS. 
and proline which significantly increased with 
each increase in saline levels up to 4000 ppm 
while ascorbic acid and dry weight started 
with an increase up to 2000 ppm then 
decreased in the higher levels (Ahmed, 2001). 
In another study, on cabbage, it was shown 
that using saline water levels up to 2000 ppm 
increased the number of leaves, fresh weight, 
ascorbic acid, dry weight, nitrogen, 

phosphorus and potassium, then a decline 
took place with the increase in these levels till 
4000 ppm (Kamal, 2004).  

The present study aims to understand the 
physical and chemical changes in celery plants 
that affected by using saline water in 
irrigation. This particular item is vital in the 
field of irrigation because the application of 
saline agriculture drainage water alone or 
mixed with river Nile water for irrigation is a 
national target to solve the problem of water 
resources shortage in Egypt, especially with 
the increase in the population.  

MATERIALS AND METHODS 

Two pot experiment was conducted in the 
experimental farm of the Faculty of 
Agriculture, AL-Azhar University Nasr City, 
Cairo in the two successive winter seasons of 
2017/2018 and 2018/2019 to study the effect of 
irrigation with saline drainage water on the 
growth and chemical composition of celery 
plants cv. Balady. The saline water was 
brought from Karoun Lake in El-Fayoum 
Governorate at the concentration of 26000 
ppm. This water was diluted to 1000, 2000, 
3000 and 4000 ppm with tap water to have the 
required concentrations. The control treatment 
was irrigated with tap water at the 
concentration of 260 ppm. The chemical 
analysis of the diluted saline drainage water 
was shown in Table (1).  

Sowing seeds took place in the nursery on 
September 24th in the two seasons. Five 



 

 

transplants were planted per pot after 40 days 
from sowing, where the used pots (No. 40) 
were filled with sandy clay loam soil and 
provided with an outlet at the bottom to get 
rid of the excess water. The design of the 
experiment was complete randomized. Pots 
were arranged in four replicates and every 
replicate consisted of 12 pots, where each pot 
contained five seedlings. Irrigation of 
seedlings with saline water started after 10 
days from transplanting, where it received two 
irrigations per week and each pot received 2.5 
L water to maintain soil continuously 
moistened in pots. 

The obtained data were recorded on 3 
plant ages of 45, 60 and 75 days after 
transplanting items: 1- Plant length was 
estimated by a ruler. 2- Plant fresh weight (g). 
3- Leaf number per plant. 4- Total soluble 
solids (TSS.) were determined as a percentage 
by Abbe refractometer (A.O.A.C., 1990). 5- 
Ascorbic acid was determined using the dye 
2.6 dichlorophenol indophenol method 
(A.O.A.C., 1990). 6- Chlorophylls and carotene 
were determined after Lichtenther (1987). 7- 
Dry   weight   was determined by drying 100g 
in an oven at 70 ºC till constant weight was 
reached (A.O.A.C., 1990). 8- Nitrogen content 
was determined according to the micro-
Kjeldahl method (A.O.A.C., 1990). 9- 
Phosphorus content was determined 
colorimetrically using the hydroquinone and 
sodium sulphite method (A.O.A.C., 1990). 10- 
Potassium and sodium were determined using 
flamephotometer according to the method of 
Dewis and Freitas, (1970). 11- Free proline was 
determined colorimetrically after Bates et al., 
(1973).  

The obtained data were statistically 
analyzed using the analyses of variance 
method according to Snedecor and Cochran, 
(1980).    

RESULTS AND DISCUSSION 

The physical characteristics: 

The effect of using the different saline 
water levels ranged from 1000 to 4000 ppm on 
the physical characteristics in all the stage of 
growth in both seasons (Table 2) show that 
using saline water up to 1000 ppm gave 
significant increases in plant length, fresh 
weight and leaf number while more salt 
concentrations till 4000 ppm gradually 
reduced them.   

Chemical characteristics: 

 Generally, the chemical analyses of all 
examined ages in both seasons (Table 3) 

indicates that the increase in salinity 
concentrations levels from 1000 to 4000 ppm 
induced proportional significant increase in the 
TSS., sodium and proline contents. However, 
concerning the effect of irrigation with the 
different levels of saline water on plant ascorbic 
acid. The results showed that with increasing 
saline levels up to 2000 ppm, the content was 
significantly increased, while the higher levels of 
saline had lower (proportional or significant) 
vitamin at the various ages. The same trend was 
noticed also in the total chlorophyll and 
carotenoids contents in the examined ages which 
reflect that these contents increased with the 
increase of the various saline levels up to 2000 
ppm then a reduction occurred due to higher 
concentrations. Regarding, the content of plant 
dry weight in the various ages, significant 
increases were found with each increase in the 
saline levels up to 2000 ppm, then followed by 
significant declines with higher saline levels (up 
to 400 ppm). However, N. P, K showed 
significant increases with the increasing saline 
levels up to 2000 ppm, then a significant 
decrease trend was followed by increasing these 
levels in all experimental ages (Table 4 and 5).  

To discuss the pervious results on celery, it 
is obvious that the physical characteristics as 
plant length, fresh weight, and number of 
leaves gave the highest significant values due 
to the irrigation with saline water in 
concentration of up to 1000 ppm. The second 
noticeable point exhibited that the results of 
the chemical contents reflected an increase in 
ascorbic acid, total chlorophyll, carotenoids, 
dry weight, nitrogen, phosphorus, and 
potassium in irrigation with a concentration 
up to 2000 ppm salt water, which was 
followed by a decrease trend with increasing 
the water saline levels. The chemical contents 
showed an increase in water saline levels till 
4000 ppm, which induced continuous 
proportional significant increase in the 
contents of TSS., sodium and proline. 

The increase in the physical features of 
celery by the low levels of saline water may be 
related to some reasons. To illustrate, it was 
reported that many halophytes have a special 
and distinguishing feature which enables their 
growth to be improved by low levels of salts 
but beyond certain levels this growth is 
reduced (Ruskin et al., 1990). This view was 
observed on some plants that require 
moderate saline conditions which positively 
promote plant growth, enhance productivity 
and improve quality compared to salts free 
conditions (Pasternake, 1987; Lo-Casico et al., 
1988; Gupta, 1990). Several reports correlated 



Al-Azhar Journal of Agricultural Research V. (44) No. (2) December (2019) 165-171 Ashmawi 

 

167 

 

this phenomenon of stress resistance to proline 
accumulation which led to good survival and 
better performance. Nevertheless, the 
corroborate proline action may be due to 
compatible regulating and reducing water 
losses from dehydrated cells (Venekamp and 
Koot, 1988). Moreover, injurious effect of 
specific ions such as NaCl, CaCl2 and NaSo4 
inhibited the production of chlorophyll in 
leaves. High sodium concentration induced 
calcium and magnesium nutritional 
deficiencies beside influencing the respiratory 
pathway in root (Abel and Mackenzie, 1964).  

The increase of physical characteristics 
may be attributed to the fact that sodium 
chloride (the main salt in saline water) plays 
an important role through ionic Na as shown 
by Australian workers who described the role 
of essential element for a group of plants 
exhibited so called hatch-slack pathway of 
carbohydrate metabolism which led to 
stimulate crops by application of sodium 
(Tisdale and Nelson, 1975).  

From another point of view, the drop in 
the various physical characteristics that started 
after using a concentration higher than 1000 
ppm may be attributed to the reduction in the 
osmotic potential of the soil solution which led 
to reduction in plant water availability, ion 
imbalance, and a specific ion toxicity (Dudley, 
1994; Subbarao and Johansen, 1999).  

The results of the chemical constituents of 
the age 75 days showed that TSS, sodium and 
proline contents significantly increased with 
every increase in the salinity levels while 
ascorbic acid, total chlorophyll, total 
carotenoids, dry weight, nitrogen, phosphorus 
and potassium also increased up to 2000 ppm 
then turned to decrease by the high saline 
levels. Reviewing these results, considerable 
attention had been paid many works to follow 
the changes happened in the chemical 
constituent of plants subject to irrigation with 
various saline water concentrations. Hence, the 
increase in TSS may be attributed to the effect 
of saline water on increasing the movement of 
soluble solids to the plants and accumulation 
of glucose and ion mainly chlorides (Plaut, 
1997).  

Regarding the decrease in the chemical 
contents as a result of using saline water, 
irrigation with saline water till 2000 ppm 
increased chlorophyll content then turned to 
decrease with increasing the saline 
concentration may be attributed to the increase 
in the activity of the chlorophyllase degrading 
enzyme (Rao and Rao, 1981). Also, the 

decrease in carotene content with the increase 
in saline water levels after 2000 ppm might be 
due to the photooxidative damage of 
chloroplast (Sieferman-Harms, 1987). The 
enhanced values of ascorbic acid arising from 
watering with the level of 2000 ppm saline 
water may be due to the consequent 
accumulation of monosaccharide (Cuartero 
and Fernandez, 1999). Moreover, the initial 
increases in dry weight with the increase in 
saline levels till 2000 ppm may be related in 
part to lower content of water (Satti et al., 
1996). Nitrogen content increased till the saline 
concentration of 2000 ppm then it was 
inhibited by the higher levels of salinity. This 
may be attributed to the interaction occurred 
by No3 /Cl at the sites for ion transport (Cram, 
1983), as sodium induced server membrane 
depolarization in plants (Suhayda et al., 1990). 
Phosphorus content increased as the saline 
level increased till 2000 ppm, then it was 
reduced proportionally with the increase in 
saline water levels. The reduction in P as a 
result of high salinity may be related to the 
reduction in phosphate availability due to 
ionic strength in addition to the tight control of 
phosphate concentration in soil solution by 
adsorption processes and by the low solubility 
of Ca-P minerals (Grattan and grieve, 1999).  
An increase was recorded in potassium 
content with increasing saline water level up 
to 2000 ppm, then it was reduced with high 
saline levels. Thus, latter decrease with using 
high levels of salinity may be explained as 
salinity often leads to unfavorable cation 
uptake which induces reduction in K and Ca 
cations. So, both K and Ca concentrations are 
affected by the increase in Na, leading to 
growth reduction caused by ion imbalance 
stress (Graifenberg et al., 2004). 

CONCLUSION 

 According to this study, it is reasonable to 
recommend that celery cv. Balady must be 
irrigated with the limit of 1000 ppm saline 
water. 
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Table 1. The chemical analysis of the agriculture saline drainage water (meq/L) applied in irrigation. 
 

K+ 

 
Na+ 

 

Mg++ 

 
Ca++ 

 
SO4ˉˉ 

 
Clˉ 

 

HCO3ˉ 
 

CO3ˉˉ 
 

EC (dS/m) 
 

Concentrations 
  

0.3 
 

0.4 
 

0.5 
 

0.7 
 

0.9 

1.1 
 

7.1 
 

16.8 
 

24.2 
 

31.1 

1.4 
 

3.4 
 

6.2 
 

9.1 
 

14.1 

1.8 
 

2.2 
 

2.5 
 

3.3 
 

3.9 

0.1 
 

0.2 
 

0.4 
 

0.7 
 

1.2 

1.4 
 

9.8 
 

22.5 
 

32.5 
 

45.7 

3.1 
 

3.1 
 

3.1 
 

3.1 
 

3.1 

- 
 
- 
 
- 
 
- 
 
- 

0.41 
 

1.52 
 

3.12 
 

4.75 
 

6.38 

260 ppm 
 

1000 ppm 
 

2000 ppm 
 

3000 ppm 
 

4000 ppm 
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Table 2. Effect of irrigation with saline water on plant physical characteristics at various ages in 2017-      

2018 and 2018-2019 seasons. 
2017-2018 season 

      Plant age (days) 

 

 

Salinity (ppm) 

Plant length (cm) 

 

Plant fresh weight (g) Plant leaf number 

 

45 60 75 45 60 75 45 60 75 

Control (260) 

1000 

2000 

3000 

4000 

14.06 

15.83 

13.00 

9.96 

8.40 

21.60 

23.26 

19.96 

14.16 

12.36 

32.40 

34.73 

29.33 

19.50 

17.73 

20.13 

23.36 

18.36 

15.16 

10.66 

41.83 

45.73 

36.30 

25.93 

17.21 

59.80 

65.51 

52.33 

34.09 

25.39 

8.73 

10.89 

7.47 

6.61 

6.29 

11.13 

12.89 

9.55 

8.31 

7.33 

15.11 

17.04 

12.73 

11.30 

8.61 

L.S.D. at 5 ٪ 1.55 1.70 1.86 1.17 2.77 3.28 1.07 1.19 1.65 

2018-2019 season 

Control (260) 

1000 

2000 

3000 

4000 

15.33 

18.00 

13.40 

10.43 

8.91 

21.66 

24.86 

19.54 

13.33 

11.83 

32.43 

35.70 

29.43 

15.50 

13.37 

17.18 

23.47 

16.19 

12.53 

10.86 

34.77 

40.33 

31.86 

19.46 

16.19 

47.35 

53.58 

41.00 

28.06 

21.19 

9.81 

11.64 

8.52 

7.35 

6.63 

13.35 

14.40 

10.25 

9.16 

8.10 

16.37 

18.07 

14.57 

12.03 

9.88 

L.S.D. at 5 ٪ 1.78 1.92 3.27 2.75 3.07 4.33 1.003 1.64 1.12 

 

Table 3. Effect of irrigation with saline water on plant TSS., ascorbic acid, total chlorophyll and 

carotene contents at various ages in 2017-2018 and 2018-2019 seasons. 
2017-2018 season 

  Plant age (days) 

 

 

Salinity (ppm) 

T.S.S. (٪) Ascorbic acid (mg/100g. f.w.) Total chlorophyll (mg/100g. 

f.w.) 

Total carotene (mg/100g. 

f.w.) 

45 60 75 45 60 75 45 60 75 45 60 75 

Control (260) 

1000 

2000 

3000 

4000 

2.63 

3.07 

3.65 

4.29 

4.73 

4.06 

4.72 

5.11 

5.49 

5.77 

4.64 

5.03 

5.38 

5.83 

6.13 

53.49 

56.17 

59.39 

50.97 

48.93 

75.16 

81.62 

84.16 

62.33 

59.17 

117.08 

123.18 

128.44 

109.16 

99.08 

81.28 

84.10 

85.06 

74.40 

65.28 

92.83 

95.67 

96.33 

85.99 

75.05 

95.41 

100.66 

105.23 

88.43 

82.33 

60.84 

64.93 

64.56 

49.79 

37.28 

68.86 

72.99 

74.29 

56.46 

44.11 

86.17 

95.52 

98.65 

70.36 

65.16 

L.S.D. at 5 ٪ 0.48 0.43 0.31 1.20 2.12 4.29 2.63 2.60 3.74 2.39 2.46 2.09 

2018-2019 season 

Control (260) 

1000 

2000 

3000 

4000 

3.17 

3.60 

3.95 

4.59 

4.96 

3.96 

4.25 

4.67 

4.99 

5.67 

4.49 

5.09 

5.76 

5.77 

6.49 

57.38 

61.76 

65.21 

53.64 

50.24 

81.18 

86.13 

90.03 

66.40 

59.69 

119.99 

126.04 

129.81 

113.71 

103.84 

92.60 

97.92 

96.82 

74.85 

68.97 

100.90 

103.15 

104.85 

84.97 

78.66 

115.49 

120.66 

122.77 

97.93 

89.88 

64.70 

67.21 

68.68 

60.96 

57.90 

75.84 

76.68 

78.62 

70.19 

66.94 

90.28 

91.35 

92.78 

84.65 

81.00 

L.S.D. at 5 ٪ 0.22 0.23 0.49 2.10 1.59 3.69 2.98 5.03 3.19 1.29 1.38 1.41 

Table 4. Effect of irrigation with saline water on plant dry weight, nitrogen, phosphorus and 

potassium contents at various ages in 2017-2018 and 2018-2019 seasons. 
2017-2018 season 

  Plant age(days) 

 

 

Salinity (ppm) 

Dry weight 

(g/100g. f.w.) 

Nitrogen 

(g/100g. d.w.) 

Phosphorus 

(g/100g. d.w.) 

Potassium 

(g/100g. d.w.) 

45 60 75 45 60 75 45 60 75 45 60 75 

Control (260) 

1000 

2000 

3000 

4000 

6.28 

7.35 

8.01 

5.99 

5.29 

8.75 

9.17 

9.67 

7.81 

6.87 

11.30 

11.79 

12.71 

11.21 

10.14 

1.29 

1.39 

1.46 

1.27 

1.21 

1.57 

1.67 

1.83 

1.37 

1.32 

2.12 

2.35 

2.39 

1.89 

1.66 

0.11 

0.12 

0.15 

0.13 

0.11 

0.35 

0.39 

0.41 

0.39 

0.36 

0.50 

0.53 

0.56 

0.49 

0.43 

1.50 

1.76 

1.85 

1.67 

1.48 

2.07 

2.26 

2.62 

2.04 

1.41 

2.39 

2.90 

3.03 

2.52 

2.23 

L.S.D. at 5  ٪ 0.39 0.59 0.65 0.05 0.06 0.19 0.01 0.03 0.01 0.10 0.19 0.11 

2018-2019 season 

Control (260) 

1000 

2000 

3000 

4000 

5.87 

7.44 

8.04 

6.56 

5.89 

8.33 

9.21 

10.25 

7.55 

6.82 

10.99 

11.50 

12.05 

11.11 

10.09 

1.24 

1.35 

1.46 

1.31 

1.18 

1.42 

1.50 

1.85 

1.36 

1.26 

2.07 

2.37 

3.46 

1.72 

1.54 

0.12 

0.14 

0.16 

0.14 

0.12 

0.39 

0.43 

0.47 

0.40 

0.35 

0.51 

0.56 

0.60 

0.46 

0.42 

1.33 

1.56 

1.71 

1.48 

1.17 

1.89 

2.11 

2.44 

2.13 

1.79 

2.29 

2.77 

2.95 

2.48 

2.17 

L.S.D. at 5  ٪ 0.36 0.43 0.55 0.038 0.132 1.41 0.11 0.015 0.03 0.08 0.11 0.09 



 

 

 

Table 5. Effect of irrigation with saline water on plant Sodium and proline contents at various ages in 

2017-2018 and 2018-2019 seasons. 

2017-2018 season 

     Plant age (days) 

 

 

Salinity (ppm) 

Sodium 

(g/100g. d.w.) 

Proline 

(mg/1g. f.w.) 

45 60 75 45 60 75 

Control (260) 

1000 

2000 

3000 

4000 

0.14 

0.17 

0.20 

0.25 

0.29 

0.22 

0.26 

0.32 

0.42 

0.46 

0.27 

0.37 

0.49 

0.55 

0.62 

0.08 

0.11 

0.14 

0.19 

0.21 

0.13 

0.17 

0.19 

0.23 

0.31 

0.17 

0.22 

0.29 

0.33 

0.38 

L.S.D. at 5  ٪ 0.09 0.03 0.02 0.014 0.018 0.016 
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L.S.D. at 5  ٪ 0.015 0.022 0.016 0.019 0.014 0.015 
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 فس تأ ثير الري بالماء المالح على النمو والمحتوي الكيماوي لنبات الكر 

 عشماوي الس يد عشماوي 

 مصر ،القاهرة ،جامعة ال زهر ة،كلية الزراع ،قسم البساتين

 ashmawielsayed.5@azhar.edu.eg :البريد الإليكتروني

 العرب   الملخص 

سةة تادا فهم التغيرات الفيزيائيةةة والكيميائيةةة ا تبةةارت الكةةرفس الةة  تةةأ  رت  . تهدف هذه الدراسة اإلييميةعائلة ال ال اإلىفس ينتمي محصول الكر   الميةةاه الما ةةة ا  باإ

عةةلى  رون بالفيو يرة قامن بح الزراعيبمياه الصرف  الري لدراسة تأ ثير 2018/2019و  2017/2018 لعامي الش تويالري.أ جريت هذه الدراسة ا أ صص خلال الموسم 

جةةزء ا المليةةون، كةةما ب ري تبةةارت  1000،2000،3000،4000ت التركيزات المس تادمة لميةةاه الةةري الملهييةةة   كاتالنمو والمحتوي الكيماوي لنبارت الكرفس البلدي و 

بشةة   تضمنت طول النبات والوزن الطازج وعةةدا ال وراز زاات وال الصفات الطبيعية  أ نح من النتائج المليون، وقد اتض اجزء  260الكنترول بماء الصنبور بتركيز

خةةرى زاات ةيةةة حةةام  أ  ومن جهة  ثم حدث لها تقص مع زيااة تركيز الملوحة. بنبارت الكنترول مقارتة   جزء ا المليون 1000مع الرى بالماء المالح حتى تركيز  ملهيوظ

جةةزء ا المليةةون ثم حةةدث لهةةا  2000والنتروجين والفوسفور والبورس يو  بزيااة تركيز الملوحة ا ماء الةةري حةةتى  كلوروفيل والكاروتين والوزن الجافالإسكوربيك وال

يمكةةن ري  ،وا التةةا  .وحةةةبشةة  ملهيةةوظ مةةع   زيااة ا مسةة توى المل المةةواا الصةةلبة اةائبةةة والصةةوايو  والبرولةةينمحتةةوى  وزاا أ يضا   تقص مع زيااة تركيز الملوحة

 .جزء ا المليون 1000حتى تركيز بالماء المالح البلدي الكرفس 
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