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ABSTRACT 
 

A pot experiment was conducted in the greenhouse of the National Research Center, Dokki, Cairo, Egypt to study the effect of 
salinity by irrigation of different percentages of dilution of seawater and potassium sources on growth, photosynthesis and mineral 
status i.e. macro and micronutrient status of Egyptian clover. The treatments were as follows: salinity treatments were irrigation by 
diluted seawater (SW; solution contained 5000 mg l-1) and fresh water (TW). Potassium sources treatments were distilled water (DW), 
potassium sulfate (K2SO4) and mono potassium phosphate (KMP). Generally, addition of potassium through leaves increased plant 
height, number of green leaves and stem, leaves and whole plant fresh as well as dry weight of clover plants. Mono potassium 
phosphate more effective than potassium sulphate in plant height, number of leaves, stem, leaves and stem+leaves fresh weight and 
stem dry weight. In spite of the non significancy of differences between salinity treatments but the values of chl.a, chl.b, chl.a+chl.b 
and carotenoides concentrations under 5000 mg l-1 salt treatment lesser than that of fresh water irrigated treatment. Application of KMP 
increased chl.a, chl.b, total chlorophyll and total carotenoids more above than that with application of K2SO4. All estimated minerals 
concentrations were lowered by salinity except for Na which the reverse was true. The highest N, Ca and Na concentrations were 
shown with K2SO4 application, while P and Mg by application of KMP. However, K concentration showed the same values with both 
K sources. 
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INTRODUCTION 

 
Saline plant habitats cover only seven percentages globally [27]. Approximately 20% of irrigated land has 

characterized by secondary salinization and half of irrigation schemes are affected by salt [12]. Many of the salt-
affected areas remain unproductive for many years because of plant establishment problems [4]. Scarcity of 
fresh water especially in arid and semi-arid regions imposing the use of saline water in irrigation resulting in 
stressed plants caused by the salts exist in the water, leading to inhibition in growth, physiological process and 
yield of forage crops as found by [4,31]. 

Egyptian clover (Trifolium alexandrinum L.) is an important nitrogen-fixing legume crop and yet, 
molecular breeding programs for salt tolerance in this plant are rare. This could be largely due to the lack of 
detailed understanding of the responses of Egyptian clover to salt stress. Understanding the responses of 
Egyptian clover to salt stress could reveal the reasons for its growth reduction under saline conditions [3,14]. 

Potassium is an essential nutrient and is also the most abundant cation in plant. It plays an important role in 
metabolic processes of plants such as enzymes activation, protein synthesis, photosynthesis, osmo-regulation, 
stomata movement, energy transfer, phoylem transport, as well as the cation:anion balance and resistance of 
stress [33].   

Plants differ in their response to potassium sources (potassium sulfate, potassium chloride and mono 
potassium phosphate) especially when applied via leaves [14,22]. Numerous researches were investigating the 
application of potassium and its effect on amelioration of salt stress in different crops [20,30,11]. 
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Other studies verified the involving of K+ in osmotic adjustment of salt stressed plants. Within the salt 
stress conditions, Na+ ions are accumulated in the vacuole and substantial osmotic potential gradient were 
initiated between the vacuole and the cytosol, depressing the cytozols activity [33,26]. Potassium plays an 
important role in maintaining cell turgor and osmotic balance under the salt stress.  

Thus, this work designed for studying the effect of potassium on growth photosynthetic pigments and 
mineral status when sprayed on Egyptian clover plants irrigated by fresh and saline water. 

  
MATERIALS AND METHODS 

 
A pot experiment was conducted in the greenhouse of the National Research Center, Dokki, Cairo, Egypt to 

study the effect of irrigation by diluted seawater (48 dS m-1) and different potassium sources on the growth 
parameters and mineral status of Egyptian clover. The experiment included six treatments, two salinity 
treatments (irrigation with fresh water and solution contained 5000 mg l-1) and three potassium sources 
treatments (Distilled water (DW), potassium sulfate (K2SO4) and mono potassium phosphate(KMP). The 
experimental design was randomized block-split plot design.  

Seeds of the Egyptian clover (Trifolium alexandrinum  L.) variety Hellali were sown in The 1st of 
December in plastic pots 45 cm in diameter and contained 10 kg soil. Physical and chemical analysis of the 
experimental soil is presented in Table (1). 

Seeds were inoculated by the suitable ryzobium. Calcium superphosphate (15.5 % P2O5) and potassium 
sulfate (48.5 % K2O) were added before sowing in the rate of 6 g pot-1 for each. 

Two plants from every pot were collected, cleaned, oven dried at 70 °C and then ground in a stainless steel 
mill. Powder of different samples were digested and macro and micronutrients were determined according to the 
methods described by Cottenie [8].  

Data of physiological and mineral analyses were subjected to the proper statistical analysis. 
 
 Table 1: Physical and chemical analysis of the experimental soi 

Sand 
Silt 
20-2 µ 
% 

Clay 
< 2 µ 
% 

Soil 
Texture 

Course 
>200 µ 
% 

Fine 
200-20µ 
% 

7.20 14.25 30.22 48.33 clay 
Soil chemical analysis 
 
pH 
1:2.5 

   
 EC 
dSm-1 

1:5 

 
 
CaCO3 
% 

 
CEC 
cmol 
Kg-1 

 
 
OM 
% 

Soluble cations  and anions  meq/100 g soil 
Na+ K+ Ca2+ Mg2+ CO-3 HCO-3 Cl-1 SO4

-2 

7.15 1.3 2.53 33.5 1.3 1.82 0.23 2.38 1.27 0.0 0.91 1.9 1.89 
Available macro-nutrients g 100g-1 Available micro-nutrients mg kg-1 
N P K Zn Fe Mn Cu 
0.47 0.25 0.95 3.1 4.8 7.3 5.2 

CEC: cation exchange capacity 
 

RESULTS AND DISCUSSIONS 
 

Effect of Salinity on growth parameters: 
Effect of salinity on the growth parameters of Egyptian clover is shown in Table (2). Salinity treatments 

decreased slightly stem and leaves fresh and dry weight as well as stem+leaves (T) dry weight while the 
stem+leaves fresh weight was significantly decreased compare to that of control plants. Aly, et al., [3] reported 
that the shoots and roots length of Egyptian clover decreased gradually with increasing NaCl level and reaching 
to the minimum values (6.37 and 3.26 cm, respectively) at the highest dose (100 mM NaCl) in comparison with 
control (16,7 and 8.55 cm). The responses of Egyptian clover plants to the highest level of salinity (100 mM 
NaCl) appeared also by decreasing in shoots and roots dry matter percentage compared with control. Impact of 
high salinity on the inhibition of plant growth was attributed to several factors included water stress, specific ion 
toxicity and ion imbalance stress or induce nutritional deficiency. 

Furthermore, excess of Na+ ions might cause problems with membranes, enzyme inhibition, and 
disturbance in embolism that disorganize cell division, elongation and structure [2]. Dry matter production of 
leaf, stem and root was significantly reduced with saline water [19]. Zaki, et al., [34] mentioned that irrigation 
of different sugar beet varieties with salty water adversely affected the growth characters i.e. number and area of 
leaves, fresh and dry weight of leaves and roots and top to root ratio. 
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Table 2: Response of growth parameters of Egyptian clover to potassium foliar fertilizers and salinity 

Salinity K source 
Plant 
height 

Leaves 
Num. 

Fresh weight (g) Dry weight (g) 
S L T L/S L/T S L T L/S L/T 

TW 
DW 34.0 11.3 2.74 2.09 4.83 0.78 0.43 0.26 0.24 0.50 0.92 0.48 
K2SO4 44.3 11.7 3.35 2.51 5.86 0.75 0.43 0.36 0.38 0.74 1.05 0.51 
KMP 42.0 12.7 5.12 3.01 8.13 0.59 0.37 0.44 0.34 0.78 0.77 0.44 

SW 
(5000 
mg l-1) 

DW 25.7 9.0 2.30 1.49 3.79 0.65 0.39 0.24 0.23 0.47 0.96 0.49 
K2SO4 42.0 11.0 3.21 2.75 5.96 0.86 0.46 0.35 0.28 0.63 0.80 0.44 
KMP 44.0 13.3 3.09 2.54 5.63 0.82 0.46 0.33 0.33 0.66 1.00 0.50 

Salinity 
TW 40.1 11.9 3.73 2.54 6.27 1.47 0.60 0.36 0.32 0.68 0.89 0.47 
SW 37.2 11.0 2.87 2.26 5.13 1.27 0.56 0.31 0.28 0.59 0.90 0.48 

K 
source 

DW 2.52 1.79 4.31 1.41 0.59 0.25 0.24 0.49 0.96 0.51 2.52 1.79 
K2SO4 3.28 2.63 5.91 1.25 0.56 0.36 0.36 0.72 1.11 0.50 3.28 2.63 
KMP 4.11 2.78 6.89 1.48 0.60 0.39 0.34 0.73 0.87 0.47 4.11 2.78 

LSD at 
5 % 

Salinity 2.48 N.S N.S N.S 1.48 …. ….. N.S N.S N.S …..... ……. 
K source 6.18 N.S SN. 0.52 2.05 ….. …... 0.013 0.072 0.016 ….. …… 
Interaction N.S. N.S 1.38 N.S 2.90 …. … N.S 0.06 0.20 ….. …… 

TW:Fresh water, SW: Diluted sea water (5000 mgl-1), DW: Distilled water, KMP: Mono potassium phosphate, S: Stem, L:Leaves. T: Shoot. 
 

Effect of salinity on photosynthetic pigments: 
In spite of the non significancy of differences between salinity treatments but the values of chl.a, chl.b, 

chl.a:chl.b, carotenoides concentrations of 5000 mg l-1 salt treatment lesser than that of fresh water irrigated 
treatment (Table 3). Nevertheless, chl.a + chl.b values clearly depressed with the salt-water irrigation. This was 
true for chl.a:chl.b as well as chl.a+chl.b:carotenoides ratios.  

Many authors reported the depression in chlorophyll and carotenoides and their ratios [25,15,6,34]. 
Imposition of salt stress caused a significant reduction in photosynthetic pigments of the shoots of Egyptian 
clover. The decrease in shoot chlorophylls content might be caused by the reduction of the biosynthesis or 
increasing the degradation of chlorophyll under the saline conditions. Furthermore, in salt stressed plants, 
breakdown of ultra structure of chloroplasts including plastid envelop, thylakoids and photosynthetic apparatus 
may result due to direct Na+ toxicity or salt-induced oxidative damage [3]. These conclusions were supported by 
Santos [28] and Mittler [25].  

 
Table 3: Response of photosynthetic pigments of Egyptian clover to K foliar fertilizers and salinity 

Salinity K source Chla Chlb Carotenoids Chla+Chlb Chla:Chlb 
Chla+Chlb: 
Carotenoids 

TW 
DW 7.81 6.65 4.92 14.46 1.17 2.94 
K2SO4 8.12 6.59 5.11 14.71 1.23 2.88 
KMP 11.34 9.86 6.64 21.20 1.15 3.19 

SW (5000 
mg l-1) 

DW 7.35 5.83 5.34 13.18 1.26 2.47 
K2SO4 7.73 6.88 4.93 14.61 1.12 2.96 
KMP 7.35 6.05 6.55 14.23 1.22 2.17 

Salinity 
TW 9.09 7.70 5.56 16.79 1.29 3.02 
SW 7.48 6.25 5.61 13.73 1.20 2.45 

K source 
DW 7.57 6.24 5.13 13.81 1.21 2.69 
K2SO4 7.93 6.74 5.83 14.67 1.18 2.52 
KMP 9.35 7.96 6.60 17.31 1.18 2.62 

LSD at 5% 
Salinity N.S N.S N.S 2.74 ---------- ---------- 
K source N.S N.S N.S 2.19 ---------- ----------- 
interaction N.S 3.14 N.S N.S ---------- ---------- 

TW: fresh water, SW: Diluted sea water (5000 mgl-1), DW: distilled water, KMP: Mono potassium phosphate 
 

Effect of salinity on mineral status: 
All estimated minerals concentrations were lowered by salinity except for Na+, which the reverse was true 

(Fig 1 and 2). These are in harmony with those obtained by Hussein, et al., [13] and Shaban, et al., [30]. Serrano 
[29] pointed out that transport of Mg++, K+, Ca++ and N+ ions were lesser in plants grown in salt solutions than 
control, and that effect was reduced when plants transported to nutrient solution. Zaki, et al., [34] mentioned 
that salinity decreased the content of potassium and K/Na ratio in sugar beet. This may be attributed to the 
increase in Na+ ions and decrease in K+ ions due to the increase of salts content surrounding plant roots, which 
induced ions imbalance in plant tissue [24].  
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TW: Fresh water, SW: Diluted sea water(5000 mgl-1), DW: Distilled water, KMP: Monopotassium phosphate 
 

Fig. 1: Effect of potassium foliar fertilization and salt stress condition on uptake of N, K and Ca by Egyptian 
clover 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TW: Fresh water, SW: Diluted sea water(5000 mgl-1), DW: Distilled water, KMP: Monopotassium phosphate 
 

Fig. 2: Effect of potassium foliar fertilization and salt stress condition on uptake of P, Mg and Na by Egyptian 
clover 
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TW: Fresh water, SW: diluted sea water(5000 mgl-1), DW: Distilled water, KMP: Monopotassium phosphate 
 

Fig. 3: Effect of potassium foliar fertilization and salt stress condition on mineral ratios in Egyptian clover 
 

Influence of Potassium fertilization on growth parameters: 
Data presented in Table (2) indicated that generally addition of potassium through leaves increased plant 

height, number of green leaves as well as stem, leaves and whole plant fresh and dry weight of clover plants. 
The treatment with KMP were more effective than K2SO4 in plant height, number of leaves; stem, leaves and 
stem+leaves fresh weight and stem dry weight. Abadia et al., [1] and Kaya et al., [20] stated that potassium play 
an important role in balancing membrane potential; turgor, activating enzymes; controlling osmotic pressure; 
increasing stomata opening and CO2 exchange, which increased the dry matter formation. Hussein et al., [15] 
demonstrated that foliar application of mono potassium phosphate (KMP) at 200 ppm concentration increased 
the plant growth, biomass production and fruit yield of pepper plants.  

 
Effect of Potassium source on photosynthetic pigments: 

Application of KMP increased chl.a, chl.b, total chlorophyll and total carotenoids more than that with 
application of K2SO4 (Table 3). Zhu, et al., [36] stated that a linear correlation was designed between 
photosynthetic rate and photosynthetic pigments (chl.a, chl.b, carotenoids, chlorophyll/carotenoids). Borowiski 
and Mitchalik (2009) revealed that two sources of potassium except KCl increased chlorophyll and carotenoids 
in leaves of spinach. The highest quantity of photosynthetic pigments recorded when KNO3 was applied and the 
lowest amount was in the case of the application of KCl. Hussein et al., [15] demonstrated a significant effect of 
100 mg l-1 KMP application on chlorophyll a content and total phenols of pepper plants. However no 
remarkable impacts were recorded on those parameters with increase in foliar KMP concentration up to 
200 mg l-1. Nevertheless, Awad et al., [5] reported that K+ application had no influence on chlorophyll 
concentration in palm tree. 

 
Effect of K sources on mineral status: 

The highest uptake of N, Ca and Na nutrient were shown with K2SO4 application, while the uptake of P and 
Mg increased with application of KMP. However, K uptake showed the same values with both K sources 
(Fig 1 and 2). Borowiski and Mitchalik [7] found that high quantities of K in leaves were obtained by 
application of potassium nitrate and the low K content by potassium sulphate and the lowest with potassium 
chloride. They added that potassium supplied by foliar application had an effect on mineral composition of 
spinach leaves. All potassium salts used had positive influences on Fe content. The opposite was true for 
calcium content. Hussein, et al., [14] on sorghum and Hussein, et al., [15] on pepper reported the same result of 
mono potassium phosphate on mineral status of plants. 
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Effect of potassium foliar fertilization under salt stress condition: 
Under salinity conditions, application of potassium foliar fertilizers keep the balance of photosynthetic 

pigments of Egyptian clover (Table 3). Kaya, et al., [20] demonstrated that salinity reduced significantly the 
vegetative growth, relative water content, chlorophyll and water use of spinach and the reverse was true when 
the plant supplied by KMP treatment via leaves. The highest ratios of photosynthetic pigments (Chl.a:chl.b and 
chl.a+chl.b:carotenoids) of jojoba plants were obtained by spraying with distilled water compared to the values 
resulted from spraying by K2SO4 [13]. 

Positive effect of potassium applications on the fresh and dry weight of the shoot component of clover 
plants were recorded with irrigation by saline water (Table 2). Increasing the production of the stem and leave 
weight were accompanied with enhancement of nutrient uptake as well as relative nutrients uptake. The results 
showed increase the uptake of N, K, Ca, Mg with spraying the K fertilizers within the saline conditions (Fig. 1 
and 2). Furthermore, application of K2SO4 and KMP foliar fertilizers boost the tolerance of the clover crops to 
salinity, that depicted by increasing of K/Na and Ca/Na ratios in plants (Fig. 3). Potassium/sodium ratio is 
considered an indicator for resistance capacities of plants to salinity [35]. The positive effect of K fertilizer 
under saline condition was in agreement with that reported by Hashi et al., [10] on investigation on effect of K 
on growing of Soybean irrigated with saltwater. 

Growing the plants in saline media, damage the membrane permeability of plant cells. Kaya et al., [20] 
recorded elevation in K effluxes from the plant roots after growing in saline solution (60 mmol l–1) due to the 
leakiness of the root system. They claimed that the application of 5 mM KMP as foliar solution minimize the 
electrolyte leakage. Hussein, et al., [15] demonstrated that foliar application of KMP, to some extent, mitigated 
the negative effects of high salinity of the irrigation water on pepper plant growth and fruit yield. The positive 
role of K application to alleviate the adverse effect of salinity was recorded also on sugar beet plants by Zaki, et 
al., [33]. They revealed that reduction of K uptake impedes the crop production under saline and sodic soils. 
However, the application of K+ enhanced the plant water status, minimizing the risk and toxicity of Na+. These 
conclusions were in analogous with that reported by Tahir et al., [32] and Liang et al., [23].  

Na+/K+ ratio is an indicator for salinity stressed plants. In a study on Barely plants, the Na+/K+ ratio 
increased with increasing the salt and water deficit treatments [9] Elevating the Na+/K+ ratio was explained by 
replacing the K+ in the plant cell by Na+ ions, which have impact on the activity of plasma membrane. After the 
treatment with salicylic acid (SA) and potassium nitrate, the ratio was decreased and the ability of the plant for 
osmotic balancing was enhanced, accordingly growth improvement. 
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