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ABSTRACT 
 
Soil salinity stress is a major problem for enhancing crop production and agricultural sustainability 
in arid and semiarid regions. In Egypt the area of irrigated land that is salt-affected is 33%. Field 
experiments was conducted at farmer's field, Koom Oshim, El–Fayoum governorate, Egypt during 
two successive seasons based on factorial completely randomized block design with three 
replicate. The research work aimed to study the effect of various levels of calcium (0 and 40kg     
fed-1), potassium (0, 40 and 80kg fed-1) combined with the foliar application of salicylic acid (0 and 
0.05mM) on growth, yield, chlorophyll and nutrient content of Turnip and Chard grown in saline soil. 
The highest growth and yield parameter represented by root and shoot of Turnip and Chard was 
obtained with 40kg fed-1 applied calcium (Ca) and potassium (K) combined with 0.05mM salicylic 
acid (SA) as compared with same levels of Ca and K without SA and control treatment. At 40 days 
of sowing, Chlorophyll a and Chlorophyll b and carotene of Turnip and Chard significantly increased 
by Ca and K combined with SA application. Sodium (Na) accumulation in root and shoot of both 
Turnip and Chard decreased due to Ca and K application. K+, Na+, Ca++, ratios and selectivity 
increased in plant shoot due to decrease the Na accumulation in shoot as affected by Ca, K and SA 
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application. Results concluded that Turnip and Chard could tolerate the soil salinity and produce 
higher yield under balanced application of Calcium and potassium combined with salicylic acid.  
 

 
Keywords: Turnip; chard; sodium; salicylic acid; salinity. 
 
1. INTRODUCTION 
  
Salinity is considered "a significant factor" 
affecting crop production and agricultural 
sustainability in arid and semiarid regions of the 
world, decreasing the value and productivity of 
the affected land [1]. Soil salinity is one of the 
most important "abiotic stresses" that reduce 
growth and agricultural productivity more than 
many other similar stress factors. The severity of 
this problem is gradually being aggravated by the 
build-up of salts in soils through common 
irrigation practices [2]. Saline soils are abundant 
in semi-arid and arid regions, where the amount 
of rainfall is insufficient for substantial leaching 
[3]. Salinity is a scourge for agriculture, forestry, 
pasture development and other similar practices 
[4].  
 
The most common adverse effect of salinity on 
the crop of Brassica is the reduction in plant 
height, size and yield as well as deterioration of 
the product quality [5]. The salinity may reduce 
the crop yield by upsetting water and nutritional 
balance of plant [6]. Turnip (Brassica rapa) is a 
member of the cruciferous family of vegetables. 
Brassica rapa, commonly known as field mustard 
or turnip mustard is a plant widely cultivated as a 
leaf vegetable, a root vegetable and an oilseed. 
Nutrient supply to plants greatly affects their 
growth, production and plant constituents. The 
seed yield, total dry matter and harvested index 
in some genotypes of Brassica napus and B. 
juncea has been found to improve with higher of 
N [7,8]. Chard (Beta vulgaris ssp. cicla L.) is a 
very nutritive demanding species. The content of 
mineral elements, total quality and yield are 
influenced by the amount, frequency and method 
of fertilization [9]. Swiss chard as a vegetable 
more tolerant to higher soil salinity as consider 
by [10]. 
 
In response to salinity stress, endogenous Na 
concentration increased in the various Brassica 
genotypes whereas K concentration decreased. 
Calcium (Ca) and K ameliorate the adverse 
effects of salinity on plants [11,12]. Salinity 
impairs the uptake up Ca by plants, possibly by 
displacing it from the cell membrane or in some 
way affecting membrane function [13]. All plants 
discriminate to some extent between Na and K 

as claimed by [14]. Na can be substituted for K 
for uptake and it is believed that similar 
mechanisms of uptake may operate for both ions 
[15]. High levels of K in young expanding tissue 
are associated with salt tolerance in many plant 
species [16,17]. 
 
Salicylic acid (SA) has been considered as a 
signal molecule [18] that may promote the 
generation of reactive oxygen species during salt 
stress thus playing an important role in stress 
tolerance [19]. Several developmental, 
physiological and biochemical functions of 
exogenously-applied salicylic acid in plants have 
been reported, e.g, enhancing the drought and 
salt stress resistance of plants [20,21] The 
exogenous application of SA mitigated the 
adverse effects of salinity on maize plants by 
osmotic regulation which is possibly mediated by 
increased production of sugar as well as proline 
[22]. 
 
The objectives of the present study were to 
investigate the effect of salinity stress on growth, 
yield and the nutrient contents and ratios of the 
root and shoots through application of Ca, K 
combined with SA in order to obtain higher yield 
of Turnip and Chard grown under saline soil 
condition.  
 
2. MATERIALS AND METHODS  
 
Field experiments were conducted at farmer's 
field, Koom Oshim El–Fayoum governorate, 
Egypt during two winter season of (2013/2014) to 
assess role of Ca, K in combination with salicylic 
acid (SA) for increasing salt tolerance  by two 
potential vegetable crops viz. Turnip (Brassica 
rapa L.) and Chard (Beta vulgaris sp. cicla L.) 
were used in the experiment. Some physical and 
chemical properties of a representative soil 
sample used in the experimental soil were 
determined before cultivation according to [23] 
and presented in (Table 1). 
 
The recommended dose of phosphorus fertilizer 
applied as Mono ammonium phosphate (46% 
P2O5 and 16% N) at a rate of 100kg fed-1 
(fed=0.42ha) during preparation of the 
experiment. Nitrogen fertilizer in the form of urea 
(46%N) at the rate of 80kg N fed-1 was added in 



 
 
 

Zewainy et al.; IJPSS, 4(3): 241-251, 2015; Article no.IJPSS.2015.024 
 
  

 
243 

 

two equal doses. The first one was applied after 
thinning and the other one 25 days later.  
 
Potassium fertilizer in the form of potassium 
sulphate (48%K2O) at different rates of 0, 40 and 
80kg K2O fed-1 in addition of soil applications of 
calcium as: 0, 40kg Ca fed-1 as calcium nitrate 
applied during seedling stage. Foliar application 
of salicylic acid as: 0 and 0.05mM was done at 
25 and 50 day of sowing. The experiment 
irrigated with fresh water 0.23dS m-1 Electrical 
conductivity. 
 
The experimental design was factorial-
completely randomized block design, with three 
replicates including the following treatments: T1: 
Control (without Ca and K), T2: 40Kg K2O fed-1, 
T3: 80Kg K2O fed-1, T4: 40Kg CaO fed-1, T5: 
40Kg CaO fed-1 + 40Kg K2O fed-1, T6: 40Kg CaO 
fed-1 + 80Kg K2O fed-1, T7: T1+0.05mM Salicylic 
Acid (SA), T8: T2+0.05mM SA, T9: T3+0.05mM 
SA, T10: T4+0.05mM SA, T11: T5+0.05mM SA, 
T12: T6+0.05mM SA.  
 
All agriculture practices were done according to 
plant needs. Plants were harvested on 5 and 10 
February in 1st and 2nd season respectively. The 
plant samples were collected from each 
treatment randomly at 30 days after sowing and 
at harvest. Fresh and dry biomass of shoot and 
root was recorded. The chlorophyll a, b and 
carotene were estimated in the fresh leaves as 
described by [24]. 
 
Minerals content as nitrogen, phosphorus, 
potassium, calcium and sodium in shoots and 
roots were estimated in the plant digest 
according to the method described by [25].  
 
The ability of the plants to maintain tissue K+ 
concentration in saline conditions is indicated as 
the K+ selectivity. It is defined as the ratio of  K+ / 

(K+ + Na+ ) in the tissue divided by the ratio of K+ 
/ (K+ + Na+ ) in the external medium [16].  
 
2.1 Statistical Analysis 
 
The obtained data (the means of two growing 
seasons) were statistically analyzed for two 
successive seasons. For comparing the means, 
the Least Significance Difference (LSD at 5%) 
test was used according to the procedure 
outlined by [26].  
 
3. RESULTS AND DISCUSSION 
 
3.1 Growth Parameters  
 
The growth characters of Turnip and Chard 
plants at 40 day as affected by different levels of 
Ca and K fertilization combined with salicylic acid 
(SA) are presented in (Table 2). 
 
Regarding root fresh weight, it could be easily 
noticed that the applied Ca and K fertilizers had 
the capacity to increase root fresh weight 
significantly as compared with control. The 
chemical fertilization by Ca and K at higher level 
of 40kg fed-1 Ca + 80kg fed-1 K expressed as T6) 
exhibited the most promising effect on root fresh 
weight followed by level (40kg fed-1 Ca + 40kg 
fed-1 K expressed as T5) where the increment 
values was 56 and 47% for Turnip and 50 and 
36% for Chard over the control treatment, 
respectively. 
 
The roots characters of Turnip and Chard plants 
were improved significantly by the combination of 
salicylic acid with various levels of calcium and 
potassium fertilizers. The highest increment 
values of root fresh weight were 78% for Turnip 
and 85% for Chard observed with 40kg fed-1 Ca 
+ 40kg fed-1 K + 0.05mM SA expressed as T11 
over the control treatment, respectively.

 
Table 1. Initial physical and chemical soil properties of the experimental soil site 

 
Particle size distribution (%) Texture 

class 
pH 
(1: 2.5) 

EC (dS m
-1

) 
Soil paste 

Organic 
Matter (%) 

CaCO3 (%) 

Sand Silt  Clay 

72.5 4.82  23.22  Loamy sand 7.32 10.25 1.20 3.12 
Soluble cations (me L

-1
) Soluble anions (me L

-1
) 

Na+ K+ Ca++ Mg++ CO3
-- HCO3

- Cl- SO4
-- 

10.44 1.68 9.02 2.90 0.00 1.27 11.97 9.81 
Available macronutrients (mg Kg

-1
) Available micronutrients (ppm) 

N P K Fe Zn Mn Cu 
26.10 2.11 74 1.02 0.79 2.46 0.08 
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Fresh weights of shoot were significantly 
increased in Turnip and Chard plants due to 
utilization of both Ca and K fertilization. The 
maximum increment for fresh and dry shoot 
weights of Turnip and Chard were recorded with 
40kg fed-1 Ca + 40kg fed-1 K combined with 
0.05mM SA (T11) which reached to 64% for 
Turnip and 87% for Chard over the control 
treatment, followed by the highest mineral 
fertilizers of 40kg fed-1 Ca + 80kg fed-1 K 
combined with 0.05mM SA (T12), respectively.  
 
Based on the previous finding, one can conclude 
that the applied level of 40kg fed-1 Ca + 40kg fed-

1 K combined with salicylic acid was sufficient to 
obtain the highest growth parameters or biomass 
represented by shoots and roots.  
 
The improvement effects of the applied Ca and K 
fertilizer on growth characters may be due to the 
important role of calcium and potassium in 
increasing activity of growing apex via increasing 
cell formation and elongation. Also, calcium plays 
an essential role in processes that preserve the 
structural and functional integrity of plant 
membranes, stabilize cell wall structures, 
regulate ion transport and selectivity and control 
ion-exchange behavior as well as cell wall 
enzyme activities [27,3]. In this respect, 
Maintenance of adequate levels of K is essential 
for plant survival in saline habitats. Potassium is 
the most prominent inorganic plant solute, and as 
such makes a major contribution to the low 
osmotic potential in the stele of the roots that is a 
prerequisite for turgor-pressure-driven solute 
transport in the xylem and the water balance of 
plants [3]. 
 
The beneficial stimulation effect of salicylic acid 
on growth characters of turnip and chard plants 
may be explained by, Salicylic acid, a phenolic 
compound, plays a vital role in the plant 
response to adverse environmental conditions 
such as salt and osmotic stresses [19]. In maize, 
the application of 0.1mM SA to plants under 
saline conditions enhanced their growth and 
development [28].  
 

3.2 Yield Parameters  
 
Data presented in (Table 3) illustrated that, at 
harvest the levels of Ca and K fertilizers 
increased fresh root yield by 39, 42% for Turnip 
and 40, 49% for Chard expressed as T5 and T6 
treatments compared with control treatment, 
respectively.  
 

In contrast the application of salicylic acid 
combined with Ca and K application was better 
for increasing fresh root and shoot of both Turnip 
and Chard. Moreover, the level of 40kg fed-1 Ca 
and 40kg fed-1 K combined with salicylic acid 
expressed as T11 caused the maximum 
significant effects for increasing root fresh weight 
by 91% for Turnip and 41% for Chard in 
corresponding to control.  
 
Also, the same levels expressed as T11 gave the 
highest increase of shoot fresh weight by 62% for 
Turnip and 46% for Chard, respectively. This 
increment may be explained by the promising 
role of Ca and K to supply the growing plants 
with required nutrients which play important role 
in metabolic process as photosynthesis, 
respiration and carbohydrate synthesis. Salinity 
dominated by Na salts not only reduces Ca2+ 
availability but reduces Ca2+ transport and 
mobility to growing regions of the plant, which 
affects the quality of both vegetative and 
reproductive organs. Salinity can directly affect 
nutrient uptake, such as Na reducing K uptake or 
by Cl reducing NO3 uptake [29]. 
 

3.3 Chlorophyll Content  
 

The applied levels of Ca and K fertilizers caused 
motivation in chlorophyll synthesis of Turnip and 
Chard at 40 day after sowing as compared with 
control treatment. With respect to Ca and K 
application, the applied Ca and K level of T6 
treatment was better for increasing Chlorophyll a, 
b and Carotene of Turnip and Chard as compare 
to the rest of applied levels and control treatment 
under saline soil conditions (Fig. 1). 
 
In contrast the application of salicylic acid 
combined with Ca and K application produced a 
promotion effect of total chlorophyll content. 
Moreover, the highest levels of 40kg fed-1 Ca and 
40kg fed-1 K combined with 0.05mM SA (T11) 
caused the maximum significant effects for 
chlorophyll a, b and carotene content which 
reached to 53, 85 and 72% for Turnip and 64, 83 
and 74% for Chard as compared to control, while 
the levels of 40kg fed-1 Ca and 80kg fed-1 K 
combined with SA (T12) gave 46, 78 and 65% for 
Turnip and 44, 75 and 72% for Chard, 
respectively. The increasing in chlorophyll and 
carotene content of Turnip and Chard were 
obtained as a result of the application of Ca, K 
and SA could be explained by the promising role 
of applied Ca and K in metabolic process as 
photosynthesis, respiration and carbohydrate 
synthesis. Salt stress refers to the excessive 
amount of soluble salts in the root zone which 
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induce osmotic stress and ion toxicity in the 
growing plant. Among toxic ions, sodium (Na+) 
has the most adverse effects on plant growth by 
its detrimental influence on plant metabolism in 
inhibiting enzyme activities [30]. Results 
indicated that salinity stress decreased 
chlorophyll rate due to decreases the 
photosynthetic activity. Plants grown at high 
salinity exhibited reduced fresh weight, 
chlorophyll content, water use, relative water 
content, and increased electrolyte leakage and K 
release compared to control plants [31]. 
Supplementary calcium could ameliorate the 
negative effects of salinity on chlorophyll and dry 
mass production [32]. Salicylic acid applied 
exogenously to barley plants is effective in 
ameliorating the adverse effects of salt stress 
[33]. The adverse effects of salt stress could be 
alleviated by foliar application of Salicylic acid 
used alone and more effectively in combination 
with Azospirillum and Pseudomonas inoculations 
[34]. 
 

3.4 Nutrient Content 
 
Data presented in (Table 4) revealed that Ca and 
K fertilizers had significant effect on N, P and 
protein content of Turnip and Chard grown in 
saline soil. In this respect, it can be noticed that 
Ca and K application treatments (T6) had a 
pronounced effect on nutrient content comparing 
with other treatments and control. The maximum 
mean values of N, P and protein content were 
obtained as a result of application of 40kg fed-1 
Ca and 40kg fed-1 K combined with 0.05mM SA, 
while the level of 40kg fed-1 Ca and 80kg fed-1 K 
(T12) gave the maximum mean value of P (%) of 

shoot. On the other hand, different fertilizers 
treatments increased protein content comparing 
with control. The protein content of Turnip and 
Chard root was highest in T11 treatment. It was 
increased by 68% in Turnip and 19% in Chard as 
compared to control treatment. The increasing in 
Protein content could be explained by synergistic 
effect for Calcium and potassium on nitrogen 
uptake by plant parts leading to increase protein 
content of root and shoot.  
   
Data in (Table 5) demonstrated that, values of 
sodium was decreased with increasing the level 
of Ca and K applied The lower accumulation of 
sodium obtained as a result of the level of 40kg 
fed-1 Ca and 80kg fed-1 K (T6). While the 
application of 40kg fed-1 Ca and 40kg fed-1 K 
combined with SA gave the lowest mean value of 
Na in shoot (0.88 and 1.78%) and root (1.77 and 
0.72%) of Turnip and Chard plants, respectively. 
High levels of supplemental Ca2+ led to greater 
uptake of Na and concluded that, in the 
calcifuges, blueberry, high Ca2+ accentuates the 
detrimental effects of Na on cell metabolism [35]. 
Chard accumulates higher levels of sodium in its 
shoot compared with Turnip under saline soil 
conditions. Chard is thus suitable for such soil 
conditions that limit the growing of many other 
sensitive vegetable species. 
 
The high salt content lowers osmotic potential of 
soil water and consequently the availability of soil 
water to plants. The salt-induced water deficit is 
one of the major constraints for plant growth in 
saline soils. 

 

 
 

Fig. 1. Leaf pigment (mg g-1 fresh wt.) of turnip and chard after 40n day of sowing 
T1: Control (without Ca and K), T2: 40Kg K2O fed

-1
, T3: 80Kg K2O fed

-1
, T4: 40Kg CaO fed

-1
, T5: 40Kg CaO fed

-1 

+ 40Kg K2O fed
-1

, T6: 40Kg CaO fed
-1 

+ 80Kg K2O fed
-1

, T7: T1+ 0.05mM Salicylic Acid (SA), T8: T2 + 0.05mM 
SA, T9: T3 + 0.05mM SA, T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42 ha 
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Table 2. Growth parameters of turnip and chard at 40 day of sowing  
(Data mean of two seasons) 

 
Treatments Turnip Chard 

Root 
(g plant

-1
) 

Shoot 
(g plant

-1
) 

Root/S
hoot 

Root 
(g plant

-1
) 

Shoot 
(g plant

-1
) 

Root/ 
Shoot 

Fresh 
wt. 

Dry wt. Fresh 
wt. 

Dry wt. Fresh 
wt. 

Fresh 
wt. 

Dry 
wt. 

Fresh 
wt. 

Dry wt. Fresh 
wt. 

T1 16.9 1.58 52.5 9.23 0.32 8.18 1.33 49.4 8.63 0.17 
T2 18.2 1.81 58.2 10.3 0.31 8.9 1.38 54.3 11.4 0.16 
T3 21.5 1.89 60.9 10.9 0.35 9.8 1.42 61.9 11.5 0.16 
T4 22.2 1.99 64.4 11.3 0.34 10.3 1.53 64.9 11.9 0.16 
T5 24.9 2.28 73.2 12.6 0.34 11.1 1.71 72.6 12.8 0.15 
T6 26.4 2.39 73.7 13.9 0.36 12.3 1.79 74.2 13.7 0.17 
T7 19.5 1.83 65.6 10.9 0.30 8.2 1.42 66.1 11.5 0.12 
T8 23.2 2.22 70.3 11.9 0.33 10.4 1.58 70.5 12.2 0.15 
T9 24.8 2.47 79.6 14.2 0.31 12.5 2.08 84.7 13.8 0.15 
T10 27.4 2.68 81.8 14.8 0.33 14.3 2.29 85.9 14.2 0.17 
T11 30.1 2.98 86.2 15.7 0.35 15.1 2.35 92.5 14.9 0.16 
T12 28.8 2.86 84.3 15.3 0.34 15.0 2.33 90.8 14.1 0.17 
LSD 5 % 1.91 0.72 2.56 `1.48  0.35 0.17 0.23 0.27  
T1: Control (without Ca and K), T2: 40Kg K2O fed

-1
, T3: 80Kg K2O fed

-1
, T4: 40Kg CaO fed

-1
, T5: 40Kg CaO fed

-1 
+ 40Kg K2O 

fed
-1
, T6: 40Kg CaO fed

-1 
+ 80Kg K2O fed

-1
, T7: T1+ 0.05mM Salicylic Acid (SA), T8: T2 + 0.05mM SA, T9: T3 + 0.05mM SA, 

T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42ha 
 

Table 3. Yield parameters of turnip and chard at harvest (Data mean of two seasons) 
 

Treatments Turnip Chard 

Root  
(g plant

-1
) 

Shoot  
(g plant

-1
) 

Root/ 
Shoot 

Root  
(g plant

-1
) 

Shoot  
(g plant

-1
) 

Root/ 
Shoot 

Fresh 
wt. 

Dry wt. Fresh 
wt. 

Dry wt. Fresh 
wt. 

Fresh 
wt. 

Dry  wt. Fresh 
wt. 

Dry wt. Fresh 
wt. 

T1 41.8 6.82 57.3 9.71 0.73 13.8 7.16 80.3 15.94 0.17 
T2 43.3 7.18 68.3 10.57 0.63 14.3 8.17 91.8 17.31 0.16 
T3 47.6 8.65 78.9 12.09 0.60 17.5 8.56 92.3 19.69 0.19 
T4 48.3 9.15 81.3 12.26 0.59 18.8 8.96 94.8 21.42 0.20 
T5 58.1 9.68 95.7 13.56 0.61 19.3 10.28 95.3 22.14 0.20 
T6 59.5 9.78 98.1 14.74 0.61 20.5 10.85 96.7 22.82 0.21 
T7 66.3 8.54 73.9 11.63 0.90 16.1 8.21 95.6 19.36 0.17 
T8 68.3 10.32 82.9 12.58 0.82 18.2 10.16 103.5 21.65 0.18 
T9 71.3 11.13 83.5 14.98 0.85 18.6 11.19 112.9 22.94 0.16 
T10 78.5 11.17 90.9 15.05 0.86 18.8 11.28 113.7 25.46 0.17 
T11 79.8 11.45 92.6 18.47 0.86 19.5 11.79 116.9 28.71 0.17 
T12 78.2 11.21 91.1 15.45 0.86 17.6 11.51 144.6 28.96 0.12 
LSD 5 % 3.54 1.42 2.50 0.63   0.71 0.68 1.91 2.05   

 T1: Control ( without Ca and K ), T2: 40Kg K2O fed
-1
, T3: 80Kg K2O fed

-1
, T4: 40Kg CaO fed

-1
, T5: 40Kg CaO fed

-1 
+ 40Kg K2O 

fed
-1
, T6: 40Kg CaO fed

-1 
+ 80Kg K2O fed

-1
, T7: T1+ 0.05mM Salicylic Acid (SA), T8: T2 + 0.05mM SA, T9: T3 + 0.05mM SA, 

T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42 ha 
 
Calcium and potassium of Turnip and Chard root 
and shoot increased with increasing Ca and K 
application. Application of T12 treatment 
produced the maximum values of Ca and K of 
Turnip and Chard as compared with the rest of 
treatments and control. Maintaining an adequate 
supply of calcium in saline soil solutions is an 
important factor in controlling the severity of 
specific ion toxicities, particularly in crops which 
are susceptible to sodium and chloride injury 
[36]. In citrus grown under saline conditions,  
 

calcium was found to be effective at reducing the 
transport of both sodium and chloride from roots 
to leaves, thereby alleviating foliar injury and/or 
defoliation [37]. 
 

3.5 Nutrient Ratios and Selectivity’s 
 
Figs. (2 and 3) indicated that application of 
Calcium and potassium had influenced the 
K+/Na+ and Ca2+/Na+ of Turnip and Chard. 
Application of T11 treatment of 40 kg fed-1 Ca + 
40kg fed-1 K combined with SA was the best to 
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maintain lower ratios for increase salinity tolerant 
of Turnip and Chard plants followed by T12 and 
T6 treatments as compared to rest of the 
treatment involved and control. The presence of 
adequate Ca2+ in the substrate influences the 
K+/Na+ selectivity by shifting the uptake ratio in 
favor of K at the expense of Na. Improvement in 
Ca2+ mediated membrane integrity invariably 
leads to reduction of K leakage from root cells 
and a more favorable root-K status [38,39]. 
K+/Na+ ratio and proline accumulation as an 
important features to be explored in programs for 
selection and /or development of tolerant 

cultivars of the tropical world affected by salinity 
[40].  
 
Optimal K+/Na+ ratio is vital to activate enzymatic 
reactions in the cytoplasm necessary for 
maintenance of plant growth and yield 
development. Minimizing Na+ uptake and 
preventing K+ losses from the cell may help to 
maintain a K+/Na+ ratio optimum for plant 
metabolism in the cytoplasm under salt-stress 
conditions [30].  
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Fig. 2. Potassium, sodium ratio and selectivity of root and shoot for turnip and chard at 

harvest 
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Fig. 3. Calcium, sodium ratio and selectivity of root and shoot for turnip and chard at harvest 
T1: Control (without Ca and K), T2: 40Kg K2O fed

-1
, T3: 80Kg K2O fed

-1
, T4: 40Kg CaO fed

-1
, T5: 40Kg CaO fed

-1 

+ 40Kg K2O fed
-1

, T6: 40Kg CaO fed
-1 

+ 80Kg K2O fed
-1

, T7: T1+ 0.05mM Salicylic Acid (SA), T8: T2 + 0.05mM 
SA, T9: T3 + 0.05mM SA, T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42 ha 
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Table 4. Nitrogen and phosphorus content of turnip and chard at harvest (Data mean of two seasons) 
 

Treatments Turnip Chard 

Nitrogen % Phosphorus % Protein  % Nitrogen % Phosphorus % Protein % 

Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot 

T1 1.81 1.22 0.450 0.316 11.31 0.76 0.72 0.800 0.115 0.216 4.50 1.25 
T2 1.84 1.24 0.472 0.327 11.50 0.78 0.73 0.802 0.117 0.218 4.56 1.26 
T3 1.87 1.25 0.491 0.331 11.69 0.78 0.76 0.812 0.119 0.221 4.75 1.33 
T4 1.92 1.27 0.51 0.336 12.00 0.79 0.78 0.815 0.121 0.273 4.88 1.34 
T5 1.96 1.31 0.554 0.339 12.25 0.82 0.82 0.816 0.122 0.315 5.13 1.35 
T6 1.99 1.36 0.653 0.341 12.44 0.85 0.84 0.818 0.123 0.327 5.25 1.36 
T7 1.85 1.25 0.462 0.356 11.56 0.78 0.86 0.822 0.118 0.251 4.75 1.39 
T8 1.87 1.28 0.575 0.367 11.69 0.80 0.88 0.823 0.121 0.293 4.81 1.39 
T9 1.92 1.27 0.658 0.371 12.00 0.79 0.89 0.824 0.123 0.326 4.94 1.40 
T10 1.99 1.32 0.715 0.376 12.44 0.83 0.91 0.826 0.124 0.367 5.13 1.41 
T11 2.06 1.39 0.754 0.381 12.88 0.87 0.98 0.828 0.126 0.391 5.38 1.43 
T12 2.03 1.38 0.735 0.379 12.69 0.86 0.97 0.827 0.125 0.388 5.31 1.42 
LSD 5 % 0.07 0.08 0.062 0.018 1.04 0.037 0.024 0.037 0.025 0.061 1.05 0.17 
T1: Control (without Ca and K), T2: 40Kg K2O fed-1, T3: 80Kg K2O fed-1, T4: 40Kg CaO fed-1, T5: 40Kg CaO fed-1 + 40Kg K2O fed-1, T6: 40Kg CaO fed-1 + 80Kg K2O fed-1, T7: T1+ 0.05mM 

Salicylic Acid (SA), T8: T2 + 0.05mM SA, T9: T3 + 0.05mM SA, T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42 ha 
 

Table 5. Sodium, potassium and calcium content of Turnip and Chard at harvest (Data mean of two seasons) 
 

Treatments Turnip Chard 

Sodium  % Potassium % Calcium % Sodium  % Potassium % Calcium % 

Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot 
T1 2.84 1.48 2.07 2.71 1.45 1.84 1.53 3.18 1.78 2.35 0.54 0.98 
T2 2.69 1.31 4.07 3.54 1.54 1.31 1.33 3.03 1.85 2.63 0.57 1.03 
T3 2.57 1.30 4.72 4.95 1.58 1.62 1.09 2.97 1.74 2.78 0.64 1.12 
T4 2.23 1.02 4.78 5.04 2.04 2.73 0.89 2.82 1.93 2.89 1.02 1.38 
T5 2.17 1.12 5.18 5.62 2.23 2.77 0.87 2.33 2.05 3.21 1.13 1.23 
T6 2.22 0.87 5.13 5.18 2.87 2.85 0.71 2.06 2.16 3.38 1.25 1.47 
T7 2.47 1.31 2.08 2.88 1.58 1.56 1.24 2.81 2.11 2.98 0.79 0.99 
T8 2.32 0.94 4.25 4.54 1.74 1.75 0.93 2.47 2.33 3.18 0.82 1.08 
T9 2.24 0.95 5.06 4.67 1.66 1.87 0.91 2.16 2.77 3.64 0.88 1.02 
T10 1.85 0.92 5.11 5.24 2.17 2.95 0.89 2.05 2.64 3.72 1.11 1.31 
T11 1.77 0.88 5.22 5.32 2.29 2.02 0.72 1.78 2.85 3.91 1.32 1.39 
T12 1.32 0.84 5.41 5.42 2.25 1.96 0.84 1.84 2.96 3.83 1.38 1.55 
LSD 5 % 0.47 0.25 0.69 0.36 0.27 0.14 0.21 0.28 0.36 0.33 0.09 0.11 

T1: Control ( without Ca and K ), T2: 40Kg K2O fed
-1
, T3: 80Kg K2O fed

-1
, T4: 40Kg CaO fed

-1
, T5: 40Kg CaO fed

-1 
+ 40Kg K2O fed

-1
, T6: 40Kg CaO fed

-1 
+ 80Kg K2O fed

-1
, T7: T1+ 0.05mM Salicylic 

Acid (SA), T8: T2 + 0.05mM SA, T9: T3 + 0.05mM SA, T10: T4+ 0.05mM SA, T11: T5 + 0.05mM SA, T12: T6 + 0.05mM SA. Fed=0.42 ha 
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Increased salinity reduced Ca2+/Na+ ratios in the 
roots and shoots of Turnip and Chard (Figs. 2 
and 3). Higher rate of calcium level applied 
ameliorated the effect of soil salinity on 
decreasing Ca2+/Na+. Application of 40kg Ca    
fed-1 + 40kgK fed-1combined with 0.05mM SA 
was better to improve both Ca2+/Na+ ratio as 
compare to rest of the treatment and control. 
Calcium plays an important role in plant tissues 
and it also affects the regulation and function of 
Na and K [39,29]. In saline soils there is a high 
Ca concentration, but competitive effects of Na 
may cause Ca deficiency. The addition of Ca 
increases the Ca+/Na+ ratio and the K+/Na+ ratio 
in shoots and improves germination and growth. 
 
Potassium –Na and Ca-Na selectivity’s in root 
and shoot of Turnip and Chard in Fig. 2 and 3) 
was low under saline soil condition as control 
treatment. Whereas, the application of Ca and K 
at different levels improved the K–Na and Ca-Na 
selectivity’s. Application of 40kg Ca fed-1 + 40kg 
K fed-1 combined with SA was better to increase 
K-Na and Ca-Na selectivity’s and increasing 
salinity tolerance of Turnip and Chard grown in 
saline soil. 
 

4. CONCLUSION 
 
Turnip and Chard could tolerate the soil salinity 
and produce higher yield under balanced 
application of Calcium and potassium combined 
with salicylic acid which is most effective in 
ameliorating the adverse effects of salt stress.  
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