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ABSTRACT 
 

An experiment was conducted in the Experimental Farm of the Desert Research Center, Ras Sudr, South Sinai 
Governorate to study the effects of foliar applications of salicylic acid (SA) and mannitol (M) on white cabbage Kalorama F1 cv 
grown under saline conditions (soil and irrigation water). White cabbage seedlings were transplanted on to soil after forty days 
from seed sowing. Foliar applications began 30 and 35 days after transplantation for SA and M, respectively. A total of three 
sprays were given at an interval of 15 days. Three different foliar applications of SA (0, 75 and 150 mg l-1) and three different M 
treatments (0, 2000 and 4000 mg l-1) were used, in factorial randomized completely block design. Stem length, head width, head 
weight, total yield, vitamin C, total sugars, chlorophyll a and b, dry weight and minerals content (N, P and K) were studied. All 
parameters were significantly influenced by applying different SA especially 75 mg l-1, as well as application of higher dose of M 
(4000 mg l-1). The highest values were observed in 75 mg SA l-1 + 4000 mg M l-1 treatment. Thus, the present results revealed 
that application of foliar SA and MA must be performed to overcome saline stress conditions.   
Keywords: White cabbage, yield, vitamin C, dry weight, minerals contents 
 

INTRODUCTION 
 

White cabbage (Brassica oleracea var capitata) is one 
of the most important vegetables in the world. Cabbage 
contains considerable amounts of bioactive compounds such 
as glucosinolates, vitamin C, carotenoids, and polyphenols 
(Hallmann et al., 2017). It is rated as a moderately sensitive to 
salinity (Bernstein and Ayers, 1949; Osawa, 1965). The 
threshold salinity is 1.8 dS m-1 (ECe) with a slope of 9.7% per 
dS m-1. Cabbage heads are more solid at low salinity levels, 
but are less compact as salinity increases (Osawa, 1961). 

Salinity stress is a widespread environmental 
problem; it affects about 7% of the world’s total land area 
(Zhu, 2002) and is the major environmental factor limiting 
plant growth and productivity (Allakhverdiev et al., 2000). 
Major adverse effects of salinity stress include increased ion 
toxicity, osmotic stress, and nutrient acquisition and 
homeostasis/deficiency, impaired stomatal conductance, 
decreased reduction in leaf water potential, altered 
physiological biochemical processes, and elevated ROS-
caused oxidative stress(Munns and Tester, 2008; Nazar et 

al., 2011; Khan et al., 2014). 
The significance of salicylic acid (SA) has been 

increasingly recognized in improved various physiological 
and bio-chemical functions in plants and has diverse effects 
on the tolerance to biotic and a biotic stress (Ashraf and 
Foolad, 2007; Kovacik et al., 2009). SA is an important 
signal molecule for modulating plant responses to stress. 
Application of SA increases plant growth by improving 
photosynthesis, osmotic potential, stomatal conductance 
transpiration rate, and biochemical parameters under salt 
stress (Mimouni et al., 2016). SA can improved growth, gas 
exchange, yield by inhibiting the accumulation of  Na+ and 
Cl− and stimulating accumulation of mineral elements 
including N, P and K concentrations under salinity stress 
conditions (Gunes et al., 2005 and 2007). Some studies have 
shown that SA played significant role at different 
concentration by improving plant yield and fruit quality in 
many crops including tomato (Yildirim and Dursun, 2009; 
Javanmardi and Akbari, 2016), onion (Koppad et al., 2017), 
Broccoli (Mirdad, 2014), chickpea (Hossain et al., 2015).  

Mannitol (M) is a six carbon sugar, white and 
crystalline (Zidenga, 2006), which occurs widely in plants 
and animals (Hellebust, 1976; Yancey et al., 1982), it was 
demonstrated that M plays a pivotal role in alleviating 

osmotic and salinity-induced stress in plants (Tarczynski et 

al., 1993; Stoop et al., 1996; Tang et al., 2005). Sarwar et al. 
(2006) found that application of M improved plant survival 
and growth up to maturity under saline conditions. The 
highest plant growth, total soluble sugars, proline, macro and 
micronutrients contents were observed under salinity stress 
with M application (Khalid and Cai, 2011). 

In this study, we investigate the effect of SA and M 
on growth, yield and quality of white cabbage under salinity 
conditions.   
 

MATERIALS AND METHODS 
 

The experiment was conducted in the Experimental 
Farm of the Desert Research Center in Ras Sudr, South Sinai 
Governorate, Egypt (30° 34′ N, 31° 34′ E) during 2015/2016 
and 2016/2017 seasons. The test was carried out on white 
cabbage Kalorama F1 variety. Seeds were sown in the 10 and 
12 September and the seedlings were planted out to field in the 
20 and 22 October in the first and second seasons, 
respectively. The seedling were planted into soil in rows 50 
cm apart, with 50 cm plant spacing. The soil was 
characterized by sandy loam, pH value of 7.7, highly 
calcareous (CaCO3 57%) and saline (EC 8.65 mS.cm-1). Plants 
were drip-irrigated by saline water pumped from a well, EC 
7.03 mS cm-1, pH 8.6. The experiment was arranged in a 
factorial randomized complete block design of three 
replications, 2 factors were considered SA and M. The SA 
(Sigma-Aldrich, (98%) 2-hydroxybenzene-carboxylic, C6H4 
(OH) COOH, MW: 138.1, were purchased from Sigma 
Aldrich Co.) Foliar spray of SA at a rates of 0, 75, 150 mg l-1 

were distributed for the experimental plots through external 
spray over the plant’s leaves using Pressurized Spray Bottle 
with 0.1% Tween 20 as surface spreader. Also, mannitol 
(Sigma- Aldrich, C6H14O6, MW: 182.17, were purchased from 
Sigma Aldrich Co.) was applied exogenously with sprayer 
using three rates 0, 2000 and 4000 mg l-1. All foliar 
applications were carried out early in the morning, starting 
from 30 and 35days after transplanting for SA and M, 
respectively. A total of three sprays were given at an interval 
of 15 days. Spray was done at a rate of 1000 l ha-1 
approximately. At harvest (after 90 days from transplanting), 
five plants were selected randomly for data collection in each 
plot. Data collected on stem length, head weight, head width 
and total yield. Chlorophylls (a and b) were extracted with 
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80% aqueous acetone (v/v) and were quantified using of 
Arnon (1949) method. Vitamin C content was determined 
according to AOAC (1990). Total sugars content was 
measured based on the Anthrone method (Irigoyen et al., 
1992). Oven dried (72◦C for 48 h) samples of plants were 
weight and determined the dry matter. Nitrogen concentration 
was analyzed by Kjeldhal method (Ostrowska et al. 1991). 
Potassium concentration was determined by flam photometry 
and phosphorus concentration was determined by Olsen et al. 
(1954) method using spectrophotometry. According to 
Snedecor and Cochran (1990) the averages of data from each 
season were statistically analyzed using 2-way analysis of 
variance (ANOVA). The applications of that technique were 
according to the COSTAT statistical software.    

RESULTS AND DISCUSSION 
 

Effect of salicylic acid and mannitol on stem length, 
head width, head weight and total yield 

Stem length, head width, head weight and total yield 
were affected by changes in application of salicylic acid (SA) 
with or without mannitol (M) in the first and second seasons 
(Table 1). The characters in general were significantly 
increased by foliar SA application, especially at 75 mg SA l-1. 
These finding agree with the results of (Mirdad, 2014) 
reported that the foliar application of SA promoted plant 
height, yield and its quality characters of broccoli plants 
irrigated with saline water. This enhance may be due to the 

nature of the SA which acts as a plant growth regulator. It is 
stated that the responses to SA are highly concentration 
dependent, so that moderate doses of SA improve features 
such as antioxidant status and induce stress resistance, while 
higher concentrations trigger a hypersensitive cell death 
pathway (Tounekti et al., 2013). Also, application of SA led to 
boost of plant yield (Aghaeifard et al., 2015), which may be 
due to promoted cell division and cell enlargement (Hayat et 

al., 2010) through its influence on plant hormones such as 
auxins, cytokinin and ABA balance (Shakirova, 2007) and 
enhanced photosynthetic rate, internal CO2 concentration and 
water use efficiency (Fariduddin et al., 2003). Regarding M, it 
also enhanced stem length, head width, weight of head and 
total yield of white cabbage and it’s described in Table 1. The 
increase in the characters was highly significant in both 
seasons. The improving of plant growth characters and yield 
as response to application of M under salinity stress condition 
(Sarwar et al., 2006) may be due to the increase in the 
chlorophyll content (Table 2) and consequently, 
photosynthesis efficiency. On the other hand, M increases the 
total carbohydrates and mineral contents (Table 3), so that the 
plant growth increase (Slama et al., 2007).The highest values 
at each season for stem length, head width, head weight and 
total yield were obtained in 75 mg SA l-1 + 4000 mg M l-1, 
while the lowest values were observed in the two seasons for 
control treatment (Table 1).    

 

Table 1. Effect of salicylic acid and mannitol on stem length, head width, head weight and total yield of white 
cabbage at harvest date during 2015/2016 and 2016/2017 seasons   

Treatment Character 
Salicylic acid (SA)  
mg l-1 

Mannitol  (M) 
mg l-1 

Stem length 
(cm) 

Head width 
(cm) 

Head weight 
(g) 

Total yield 
(t ha-1) 

1st season 
Without 4.53±0.50f 11.86±0.74e 651.57±71.0e 15.27±1.32e 

2000 6.84±0.90d 12.27±0.17e 687.51±25.7de 17.90±0.81cd Without 
4000 7.76±0.75c 12.74±0.50d 724.59±30.5d 18.23±2.18cd 

Mean  6.38±2.95 12.29±0.89 687.89±75.22 17.13±3.11 
Without 6.77±0.70d 12.28±0.31e 712.37±66.2d 17.63±0.70cd 

2000 8.77±0.44b 13.54±0.43c 794.69±28.5c 18.71±0.60c 75 
4000 9.75±0.15a 14.61±0.68a 973.44±54.8a 20.84±0.59a 

Mean  8.43±2.66 13.48±2.07 826.83±235.58 19.06±2.88 
Without 5.84±0.69e 12.02±0.25e 694.89±33.4de 16.98±0.42d 

2000 9.15±0.27b 14.03±0.23b 847.62±38.6b 18.87±0.82c 150 
4000 8.98±0.20b 14.16±0.14b 886.68±29.4b 19.87±0.65b 

Mean  7.99±3.25 13.40±2.09 809.73±178.01 18.57±2.60 
Without 5.71±2.03 12.05±0.55 686.28±74.67 16.63±2.25 

2000 8.25±2.21 13.28±1.60 776.61±143.88 18.49±1.10 Overall means of 
mannitol 4000 8.83±1.78 13.84±1.74 861.57±221.50 19.65±2.57 

2nd season 
Without 5.38±0.63f 12.10±0.51f 707.95±34.1e 16.44±0.97f 

2000 7.14±0.62e 13.05±0.68e 838.18±49.5d 18.63±0.80d Without 
4000 8.01±0.71cd 13.55±0.11d 885.19±29.8c 19.52±0.84c 

Mean  6.84±2.39 12.90±1.34 810.44±162.54 18.20±2.85 
Without 7.70±0.54d 12.82±0.51e 826.34±52.5d 17.96±0.59e 

2000 8.37±0.43c 14.00±0.26c 914.24±11.4c 20.16±0.75bc 75 
4000 9.45±0.20a 14.93±0.34a 1054.27±49.3a 21.38±0.72a 

Mean  8.50±1.57 13.92±1.86 931.62±202.42 19.83±3.06 
Without 7.06±0.24e 12.41±0.40f 802.00±23.7d 17.52±0.42e 

2000 8.90±0.29b 14.37±0.21b 966.99±58.5b 20.79±0.86ab 150 
4000 9.00±0.34b 14.56±0.17b 1000.94±31.5b 21.01±0.26a 

Mean  8.32±1.90 13.78±2.07 923.31±187.67 19.78±3.42 
Without 6.72±2.12 12.44±0.75 778.76±113.35 17.31±1.48 

2000 8.13±1.61 13.80±1.24 906.47±118.67 19.86±2.05 Overall means of 
mannitol 4000 8.82±1.34 14.35±1.26 980.14±153.28 20.64±1.79 

P value 
SA 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 1st season 

SA ×  M 0.01 (**) 0.00 (***) 0.00 (***) 0.08 (ns) 
SA 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 2nd season 

SA ×  M 0.00 (***) 0.00 (***) 0.00 (**) 0.09 (ns) 
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Effect of SA and M on vitamin C, total sugars, 
chlorophyll a and b 

As shown in Table 2, vitamin C, total sugars, 
chlorophyll a and b contents increased at all SA, M and 
SA + M interaction in both seasons. However, the highest 
values were recorded at the 75 mg SA l-1 + 4000 mg M l-1 
compared with control treatment during the two seasons. 
ANOVA indicated that the increase in vitamin C, total 
sugars, chlorophyll a and b contents was significant at 
both seasons in all treatments, except total sugars (in both 
seasons), chlorophyll a and b (in first season) for SA + M 
treatments. The increase in vitamin C under SA 
treatments may be due to SA can activate ascorbate 
peroxidase, which is the precursor to ascorbic acid in 
plants and prevents vitamin C from being destroyed in 
cells and therefore causes the accumulation of vitamin C 
in the plant (Wisniewska and Chełkowski, 1999). These 
findings agree with the results of the experiment 
performed by (Javanmardi and Akbari, 2016). The 
stimulation effect of SA on the biosynthesis of soluble 
sugars was associated to an increase in photosynthetic 
pigments and consequently the photosynthetic system 

(Yildirim et al., 2008). Accumulation of soluble sugars in 
plant leaves in terms of salinity is due to reduction of the 
activity of glucokinase. Reduction of glucokinase activity 
by accumulation of soluble sugars considered as one of 
the important aspect of salt tolerance in SA treatment 
condition (Poor et al., 2011).  (Mimouni et al., 2016) 
indicated that the treatment of plant with SA caused them 
to acquire higher of total sugars. The increasing pattern of 
chlorophyll content with SA application may be due to 
SA is supposed to increase the functional state of the 
photosynthetic machinery in plants either by the 
mobilization of internal tissue nitrate or chlorophyll 
biosynthesis (Shi et al., 2006). SA decreases the ACC 
synthase activity which causes the production of ethylene 
in the plant (Li et al., 1992) and thus reduces the loss of 
chlorophyll in plants (Arfan, 2007).  These results 
corroborated those previously obtained by (Khandaker et 

al., 2011). Beneficial effect of M on vitamin C, total 
sugar, chlorophyll a and b contents of plant was observed 
in the study conducted by (Khalid and Cai (2011) who 
indicated that plants treated with M resulted in highest 
values of total sugar, chlorophyll a and b. 

 

 

Table 2. Effect of salicylic acid and mannitol on vitamin C, total sugar, chlorophyll a and b of white cabbage 
at harvest date during 2015/2016 and 2016/2017 seasons  

Treatment Character 
Salicylic acid (SA)  
 mg l-1 

Mannitol  (M) 
mg l-1 

Vitamin C 
(mg 100g-1fw) 

Total sugar 
(% fw) 

Chlorophyll a 
(mg g-1 fw) 

Chlorophyll b 
(mg g-1 fw) 

1st season 
Without 28.59±2.60f 3.53±0.50b 0.006±0.002f 0.005±0.002c 

2000 36.26±2.03e 3.88±0.31ab 0.010±0.002de 0.008±0.001ab Without 
4000 39.19±1.71d 4.02±0.39a 0.012±0.002d 0.009±0.002a 

Mean  34.68±9.66 3.81±0.56 0.009±.006 0.007±0.004 
Without 34.80±3.72e 3.60±0.48b 0.010±0.002de 0.007±0.002b 

2000 45.39±3.67c 4.21±0.10a 0.014±0.002c 0.009±0.001a 75 
4000 52.40±1.74a 4.25±0.13a 0.018±0.003a 0.010±0.001a 

Mean  44.20±15.59 4.02±0.68 0.014±.008 0.009±0.003 
Without 34.61±2.14e 3.59±0.34b 0.008±0.002e 0.007±0.001b 

2000 48.82±5.20b 4.23±0.11a 0.015±0.001bc 0.009±0.002a 150 
4000 51.20±1.64ab 4.19±0.07a 0.016±0.001b 0.010±0.001a 

Mean  44.87±15.81 4.00±0.65 0.013±.008 0.008±0.003 
Without 32.67±6.61 3.57±0.39 0.008±0.004 0.006±0.002 

2000 43.49±11.73 4.11±0.39 0.013±0.005 0.009±0.002 Overall means of 
mannitol 4000 47.60±12.74 4.15±0.29 0.016±0.006 0.009±0.001 

2nd season 
Without 20.40±3.38f 3.92±0.17c 0.005±0.002e 0.004±0.001d 

2000 33.26±3.76d 4.28±0.10ab 0.008±0.002cd 0.005±0.001cd Without 
4000 36.72±1.64c 4.19±0.33b 0.010±0.001c 0.006±0.001cd 

Mean  30.13±15.13 4.13±0.38 0.008±0.004 0.005±0.002 
Without 29.02±3.09e 4.14±0.11b 0.008±0.001d 0.005±0.001d 

2000 39.36±1.70b 4.38±0.03a 0.013±0.002b 0.007±0.001bc 75 
4000 44.20±1.72a 4.42±0.07a 0.015±0.002a 0.009±0.001a 

Mean  37.53±13.58 4.31±0.27 0.012±0.006 0.007±0.003 
Without 27.13±2.86e 3.93±0.17c 0.007±0.001d 0.005±0.002cd 

2000 41.65±2.91ab 4.37±0.04a 0.014±0.001ab 0.008±0.002ab 150 
4000 41.37±2.62ab 4.39±0.06a 0.013±0.001b 0.007±0.001ab 

Mean  36.72±14.59 4.23±0.46 0.011±0.006 0.007±0.003 
Without 25.52±8.30 4.00±0.25 0.007±0.003 0.005±0.002 

2000 38.09±7.93 4.34±0.11 0.012±0.006 0.007±0.003 Overall means of 
mannitol 4000 40.77±6.78 4.33±0.28 0.013±0.005 0.007±0.003 

P value 
SA 0.00 (***) 0.02 (*) 0.00 (***) 0.00 (**) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 1st season 

SA ×  M 0.00 (**) 0.48 (ns) 0.05 (ns) 0.68 (ns) 
SA 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 2nd season 

SA ×  M 0.04 (*) 0.12 (ns) 0.01 (*) 0.02 (*) 
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Effect of SA and M on dry matter, N, P and K contents  
The dry matter and minerals nutrients (N, P, K) 

contents in white cabbage plants as a function of the foliar 
SA and M application are displayed in Table 3. Dry matter, 
N, P, and K contents during both seasons were 
significantly influenced by applying various levels of SA. 
Foliar spraying of plants with SA by rate 75 mg l-1 was the 
most effective, while spraying with SA by rate 150 mg l-1 

was the least effective. These results corroborated those 
previously obtained in strawberry (Karlidag et al., 2009) 
and broccoli plants (Mirdad, 2014). Increases in dry matter 
of salt stressed plants in response to SA might be related to 

the induction of antioxidant response and protective role of 
membranes that increase the tolerance of plant to damage 
(Gunes et al., 2007) or may be attributed to the increased 
mineral uptake by stressed plant with SA treatment 
(Yildirim et al., 2008). The effect of SA on nutrient uptake 
might be ascribed to its ability in regulating enzymic 
activities in secondary metabolic pathway and the 
biosynthesis of phenolic compounds (Dong et al., 2010), 
which involves in the lignification of cell wall and 
alleviates the osmoregulatory stress (Sinha et al., 2006;  
Hayat et al., 2010). 

 

 

Table 3. Effect of salicylic acid and mannitol on dry matter, N, P and K contents of white cabbage at harvest 
date during 2015/2016 and 2016/2017 seasons 

Treatment Character 
Salicylic acid (SA)  mg l-1 Mannitol  (M) mg l-1 Dry matter (%) N (%) P (%) K (%) 

1st season 
Without 7.62±0.82e 1.02±0.04e 0.286±0.017e 2.50±0.31f 

2000 8.35±0.13cd 1.27±0.08cd 0.294±0.014de 3.04±0.15cd Without 
4000 8.46±0.16bcd 1.30±0.05bcd 0.310±0.006abc 3.11±0.10bc 

Mean  8.14±0.89 1.20±0.28 0.297±0.024 2.89±0.60 
Without 8.46±0.32bcd 1.28±0.15cd 0.305±0.011bcd 2.94±0.13de 

2000 8.68±0.21abc 1.38±0.06bc 0.310±0.013abc 3.20±0.02ab 75 
4000 9.02±0.33a 1.50±0.17a 0.322±0.008a 3.31±0.06a 

Mean  8.72±0.55 1.39±0.23 0.312±0.018 3.15±0.34 
Without 8.15±0.32d 1.23±0.08d 0.298±0.004cd 2.83±0.14e 

2000 8.70±0.07abc 1.41±0.07b 0.313±.006ab 3.22±0.05ab 150 
4000 8.85±0.17ab 1.39±0.05b 0.318±0.004ab 3.27±0.05ab 

Mean  8.56±0.67 1.34±0.19 0.310±0.018 3.11±0.42 
Without 8.08±0.87 1.17±0.25 0.296±0.020 2.76±0.43 

2000 8.57±0.36 1.35±0.14 0.305±0.020 3.15±0.19 Overall means of mannitol 
4000 8.75±0.53 1.40±0.19 0.316±0.012 3.23±0.19 

2nd season 
Without 7.96±0.37g 1.10±0.04e 0.299±0.014f 2.61±0.13f 

2000 8.55±0.07f 1.40±0.03c 0.307±0.013e 3.12±0.10d Without 
4000 9.00±0.24d 1.42±0.08c 0.317±0.005cd 3.20±0.07cd 

Mean  8.50±0.93 1.31±0.31 0.308±0.019 2.98±0.57 
Without 8.80±0.19e 1.37±0.06cd 0.312±0.011de 3.00±0.08e 

2000 9.22±0.15c 1.48±0.03b 0.322±0.008bc 3.28±0.04bc 75 
4000 9.64±0.15a 1.55±0.04a 0.334±0.008a 3.40±0.02a 

Mean  9.22±0.75 1.47±0.17 0.323±0.021 3.23±0.36 
Without 8.44±0.19f 1.32±0.07d 0.308±0.005e 2.92±0.14e 

2000 9.36±0.16bc 1.52±0.05ab 0.328±0.005ab 3.31±0.04ab 150 
4000 9.45±0.10b 1.52±0.05ab 0.328±0.009ab 3.33±0.11ab 

Mean  9.08±0.98 1.45±0.20 0.321±0.021 3.19±0.41 
Without 8.40±0.76 1.27±0.25 0.306±0.015 2.84±0.38 

2000 9.04±0.76 1.47±0.11 0.319±0.020 3.24±0.18 Overall means of mannitol 
4000 9.37±0.56 1.50±0.13 0.326±0.016 3.31±0.19 

P value 
SA 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 1st season 

SA ×  M 0.18 (ns) 0.06 (ns) 0.41 (ns) 0.03 (*) 
SA 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 
M 0.00 (***) 0.00 (***) 0.00 (***) 0.00 (***) 2nd season 

SA ×  M 0.00 (**) 0.00 (***) 0.03 (*) 0.00 (**) 
 

According to ANOVA results (Table 3), dry matter 
and minerals nutrients (N, P, K) contents were significantly 
affected by foliar M application in the first and second 
seasons, the increase in the application of M leads to an 
increase in plant dry matter, N, P and K contents; Khalid and 
Cai (2011) also reported that M caused an increase in the dry 
mass and accumulation of nutrients in plants. M is often 
recommended for use on plants that are under stress 
conditions, because it is contribute towards better root 
survival, it is protected the roots against lipid peroxidation 
under stress conditions and increase mineral absorption and 
translocation (Will et al. 2011). Significant interaction 
between SA and M was observed on K content in both 

seasons and dry weight, N and P in the second season. The 
best results were obtained when plants treated with SA (75 
mg l-1) and M (4000 mg l-1) treatment compared with other 
treatments for the two growing seasons (Table 3).   

 

CONCLUSION 
 

This study showed that (1) Stem length, head width, 
head weight, total yield, vitamin C, total sugars, 
chlorophyll a and b, dry weight and minerals content (N, P, 
K) were significantly increased by foliar SA, especially 75 
mg l-1; (2) the M treatment led to a significant increase of 
all values in white cabbage; (3) the highest values of 
growth, yield, vitamin C, total sugars, chlorophyll a and b, 
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dry weight and minerals contents were recorded at the 75 
mg SA l-1 + 4000 mg M  l-1 treatments. It may be 
concluded that SA and M reduces the harmful effects of 
saline stress on white cabbage plants.  
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ABCDEFوف اJKFا LCM NBOPا QRJSFت اUMUVR WDX لZ[BRUEFوا \DB]FU]Fا N^U_ JB`aM 
  أeVX k^Ulاj]Fم WVDh و ^Zfgر اeB]F ر^Ucن 

WMUVgFج اU[Roا p]q -اءJCfFث اZCO tuJ^ -AvJwEFة- اJھUzFا -Jf^ 
  

WXY ،اء، رأس [\رbXcdث اfXg hibjg klmراhdرب اWopdا kqXY rs kgbopdه اuھ wxbyأ zYWXg r{رfdش اbdا bl}~� k]را\d ءW�l] بf�y k�s
 ��� zlgا� ��b�dت اW�W�� r�m لfpl�Wjdوا ��l�dW�dاKalorama F1 klX�jdوف اb�dا wX� klYW�dى( اbdه اWlYو kgbpdا k�f�Y .( ت�p� kmزرا wj�

 \�g ��Xdا rs ��b�d٤٠ا�p�jdا rs رةu�dا kmزرا �Y مfx  .g شbdت ا�YW�Y �l�q� أ\g \٣٥ و�٣٠ ��l�dW�dا zYWXd k���dWg �p�dا kl�jm �Y مfx 
rdاfpdا r�m لfpl�Wjdى . واb¡وا� kر� �i �lg تWر� k}�} تW�bdد ا\m rdWjyن إWiم١٥وfx  . rوھ ��l�dW�dا zYW� �Y تWxfp�Y k}�} wY\¦p]أ

 ،b§١٥٠ و �٧٥bpd امbol�Y  -1 .� rل وھfpl�Wjdا �Y تWxfp�Y ث�©g شbdا ª� W«xأ ،b§٤٠٠٠ و ٢٠٠٠bpd امbol�Y -1  ربWo� ªljc� rs �dوذ ،
kl®اf��dا k�YWi تWmWq{ rs kl�YWm .  �lYWpls �Y تW��dى اfpXY و ،r��dل اfcXjdأس، اbdأس، وزن اbdض اbm ،قW�dل اfط k]درا ª�C تWxb��dا ،

  ھ�Wك زWxدة ljy rs kxf��Y´ اW§cdت اjd\رو[kolp� k اzYWXg k�YW�jd أوwX³ اWp�d®² أن. اf�i ،kl��dرو�ls أ و ب، اbpl�dو�ly، اf§]f§dر واfl]W�f�dم
 hlib� \�m k�W¡ ��l�dW�d٧٥اbpd امbol�Y -1 r�mا� hlibpdا \�m لfpl�WjdWg k�YW�jdWg �dui ،)٤٠٠٠bpd امbol�Y  -1 .( تW§cdا ´ljod k�YW�Y �«sأ w�Wi

و��f· اd\را[k ا�Y . kl�W�Y¸g kldWXd اfpl�Wjdلbol�Y  -1ام ٤٠٠٠bpd+ �zYW اbol�Y -1  �Y ��l�dW�dام ٧٥bpdاjd\رو[k ھ· k�YW�Y اbdش fp�jgي 
�¹� r�m ظbوف ا«Wºyد اrX�jd و��l�X اkdWXd اu¹pdوW���d kxتp�d لfpl�Wjdوا ��l�dW�dا zYW� �Y ��g r{رfdش اbdام ا\¦p]أ   .  


