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ABSTRACT 
 

Use of KCl as a source of K fertilizer to replace K2SO4 partially or totally is effective in reducing the cost of 
crop production but it may constrains soil fertility. A pot experiment was conducted in the green house of the 
National Research Centre (NRC), Cairo, Egypt, in 2008/2009 season to compare the efficiency of K application 
based on the recommended rate as K2SO4, KCl and ½ K2SO4+½ KCl on growth, productivity and uptake of 
nutrients by flax plants.  Dry weight of shoots was negatively affected by KCl application, while yield and other 
yield parameters except weight of capsules were equal to control treatment where no K was added. In spite of 
there was no significant differences in capsules weight, between control treatment and KCl application, the 
weight of capsules showed increases by 16 % over control. The combination between both K sources (½ 
K2SO4+½ KCl) increased yield slightly but not significantly. However, K2SO4 gave the maximum yield reached 
to 151% over the control treatment. The same trend was obtained concerning nutrients uptake by shoots. The 
results also showed no marked effect due to KCl application on capsule nutrient uptake except in case of Na and 
Mg where this treatment showed marked increment while Zn showed marked decrement. Soil analysis after 
harvest showed that there is no hazard impact for Cl- concentration in the root zone of the plants as Cl- is a very 
mobile ion in the soil and subjected to leaching. 
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Introduction   

 
Flax (Linum usitatissimum L.), is one of the most important fiber and oil crops from an economic 

prospective. Most previous studies of flax fertilization were conducted on nitrogen and phosphorus and with 
very limited on potassium. In Egypt, the ratio between K/N is lower than the ratio in global fertilizer use (El-
Fouly et al., 1987). Adequate K supply is important to several physiological plant processes among them 
numerous enzyme activation including those involving energy metabolism, protein synthesis, solute transport 
and photosynthesis, osmoregulation, phloem transport and  uptake of  other nutrient  elements (Marschner 1995, 
Mengel and Kirkby 2001, Sadanandan  et  al.,  2002).                                                

Clay soils contain relatively higher amounts of total K as a component of hardly soluble minerals, however 
only a small fraction is present in available form. Potassium levels in Egyptian soils are going to be depleted due 
to intensive cropping and cultivation of high yielding crop varieties. Moreover, soils that are marginal to 
deficient in available potassium, negative effects on crops yield and qualities could be occurred. In the 
prevailing conditions when the release is not enough to fulfill the requirement of crops, the small available 
quantity has to be supplemented with commercial fertilizers to maintain adequate nutrition. Most of research on 
responses to K fertilization in Egypt has been conducted using soil application of K2SO4 (50% K2O, 18% S)  

Recently, there has been some interest in using KCl (60% K2O) because it is a cheaper source of potassium, 
and also contains more K as compared to potassium sulphate. Addition of KCl can contribute chloride especially 
under saline conditions, which may cause salt injury, leaf burn and may result in plant Cl toxicity, or makes the 
nutrients less availability to the plants and reduce crop yield and quality.,  

A number of experiments comparing KCl and K2SO4 treatments illustrated the detrimental effect of chloride 
(Kafkafi et al., 2001, Abd El Hadi et al., 2002 and El Kholy et al., 2003). The present work was conducted to 
study the effect of K2SO4 and KCl alone or combination at the ratio 1:1 as K sources on some soil properties and 
nutrient concentrations in soil, nutrient uptake and yield of flax. 

 
Materials and Methods 

 
A pot experiment was conducted during winter season (November- April) of 2008/2009 to compare the 

relative effectiveness of different potassium sources applied at the recommended rate as K2SO4, KCl and ½ 
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K2SO4+ ½ KCl on yield and nutrient uptake by flax plants  (Linum usitatissimum L.) cv. Sakha 1 as well as 
nutrient status after harvesting.  

The experiment was laid out in randomized complete design with four replicates. 
Mitscherlisch pots of 20 cm internal diameter and 17.5 cm depth filled with 7 kg loamy sand soil. Some 

physical and chemical properties of the soil are given in Table (1) 
Each pot received 2 g ammonium sulphate (20.6%N) equal 140 Kg/ha-1 and 1 g calcium superphosphate 

15.5% P2O5) equal 60 Kg/ha-1. Thirty seeds of flax var. Sakha 1 (obtained from Sakha Research Center, 
Ministry of Agriculture, Egypt) were sown in each pot on the middle of November as a test crop and after plant 
establishment, they thinned to 20 plants per pot. 
 
Table 1: Soil physico – chemical characteristics. 

Character Value 
Sand% 76 
Silt% 13 
Clay% 11 
Texture                                                                                    loamy sand 
pH (1 soil: 2.5 water) 8.73 
E.C dS m-1 (1 soil: 1 water) 1.75 
CaCO3 % 2.44 
Organic matter% 1.31 
Available macronutrient (mg kg-1  soil) 
P 17.4 
K 133 
Mg 1570 
Ca 2760 
Na 720 
Available micronutrient (mg kg-1  soil) 
Cl 75 
Fe 2.4 
Mn 6.3 
Zn 3.7 
Cu 1.03 

 
The experiment included two sources of K fertilizer namely K2SO4 and KCl applied at the ratio of 0.25 per 

pot (equal 90 Kg ha-1) as follows: 
1- Control  (without potassium addition) 
2- 0.25 g K as K2SO4  
3- 0.25g K as KCl  
4- 0.25 g K as ½  K2SO4 + ½ KCl  
Plant samples were taken to determine P, K, Mg, Ca, Na, Fe, Mn, Zn and Cu concentration. 
Plant nutrients were determined as follows: 
Total nitrogen by using the micro kjeldahl method AOAC (1980). 
Phosphorus, potassium and micronutrients were extracted by using dry ashing technique according to 

Chapman and Pratt (1978). Phosphorus was photometrically determined using vanadate method and measured 
by spectrophotometer, while potassium was measured by flam photometer. Micronutrients and magnesium was 
measured using atomic absorption spectrophotometer. 

At full maturity stage at end of April, the plants were harvested to record the following parameters; plant 
height (cm), dry weight of shoots and capsules, number of shoots and capsules per plant and shoots, capsules 
nutrient contents. 

Also, At full maturity of flax plants  a representative soil samples were taken to determine P, K, Mg, Ca, 
Na, Cl, Fe, Mn, Zn and Cu using the standard methods described by Jackson 1973. 

Data of the experiments were subjected to statistical analysis, according to the procedure of Snedecor and 
Cochran (1990) where the means of the studied treatments were compared using L.S.D test at 0.05 probability 
level. 
 
Results and Discussion 
 
Soil Testing: 

 
According to the tentative values of the soil characteristics and available nutrient concentration by Ankerman 

and Large (1974), Silvertooth (2001) data presented in Table (1) indicate that the soil was loamy sand in texture, 
alkaline in reaction, contains lower amounts of salts and having satisfactory contents of phosphorus, magnesium and 
zinc. The soil had high sodium and calcium and it was low in organic matter, potassium, iron and manganese 
contents.  
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Yield and Yield Components:  
 
Data presented in Table (2) showed that there were no marked differences among potassium treatments 

concerning plant height. However, number of shoots and capsules/ plant showed significant increase due to applied 
K2SO4 treatment. The increment reached to 50%, 51 % respectively, over control treatment. On the other hand, dry 
weight of shoots/plant showed significant increment (over control treatment) reached to 189% due to K2SO4 
application and to 39% due to ½ K2SO4 + ½ KCl treatment, while, fertilizing flax plants with KCl resulted in 
significant decrement in shoots weight/plant reached to 22% as compared with control treatment.  These results are 
in agreement with El Kholy et al., (2003) who found that the high rate of KCl showed inconsistent reduction in 
both grain and straw yield of rice, this might be possibly to the toxic effect of chloride. Also, there were significant 
differences in capsules weight/plant between control and K2SO4 treatment. The increment reached to 151% over 
control. 

It is important to note that in spite of there was no significant differences in capsules weight between control 
treatment and both KCl and ½ K2SO4 + ½ KCl treatments, the weight of capsules showed increases by 16 and 35% 
over control, respectively. Hegazy and Genaidy (1995) reported that the application of K2SO4 improved the growth 
of soybean on clay soil. However, Bhandari et al., 1987 stated that K2SO4 is a better source of  K  than KCl for yield 
as well as quality of  potato tubers because of the  adverse  effect  of  chloride  on  dry  matter  and starch. Also, 
Kafkafi et al., (2001) mentioned that K2SO4 is a preferred source of K fertilizer in arid regions due to soil salinity 
and lower salt index. On the other hand, Atta et al, 2000, mentioned that in a solution culture study, growth of maize 
plant grown in growth chamber was improved by applying KCl at 400 ppm and significantly depressed at 800 and 
1000 ppm Cl. There was linear increase in the uptake of Cl and K with a corresponding decrease in the uptake of Ca 
and Mg. they found that with the increasing rates of KCl the absorption of N was not affected by Cl application 

 
Table 2: Effect of potassium sources on growth and yield components of flax 

Treatment Plant height 
(cm) 

Number of shoots/ 
plant-1 

Number of capsules/ 
plant-1 

Weight of shoots/ 
(g) plant-1 

Weight of 
capsules/  
(g) plant-1 

Control 46 6.25 6.15 0.88 0.37 
K2SO4 49 9.40 9.30 2.54 0.93 
KCl 45 6.25 6.15 0.69 0.43 
½ K2SO4+½ KCl 46 6.40 6.25 1.22 0.50 
LSD 5% N.S. 0.5 0.5 0.14 0.14 

 
Uptake of Nutrients by Shoots: 

 
Results presented in Table (3) indicated that flax plants treated with K2SO4 showed marked increases in all 

shoot nutrients uptake except N as compared with those of control and the other treatments. However, results 
obtained showed marked decreases in shoot N, P, K and Zn uptake with KCl treatment. 

On the other hand, combination between both K2SO4 and KCl resulted in significant increase in shoot 
nutrient uptake of N, P, Ca, Mg, Mn and Zn as compared with control plants and KCl treatment. 

Singh (1988) reported that sulphur application increased the activities of iron containing enzymes and K 
promotes the synthesis of catalase and peroxidase. Fertilizers containing sulphur such as K2SO4 having K and S 
would be more useful (Zhao et al., 1999). Potassium sulphate (50% K2O, 18% S) contains 18% sulfur, which are 
sufficient for supplying flax from such nutrient and its benefit for soil fertility. It has an acid reaction and its 
application is preferable in such alkaline soils. Under such conditions availability of nutrients in the soil may be 
increased.   
 
Table 3: Effect of potassium fertilization source on uptake of nutrients by shoots.  

Treatment N P K Ca Mg Na Fe Mn Zn Cu 
g kg-1  DW mg kg-1 DW 

Control 17.29 0.93 13.36 8.57 4.00 8.86 187 36 52 6 
K2SO4 10.11 1.07 19.56 8.96 6.37 10.44 328 60 56 10 
KCl 13.36 0.64 10.00 8.55 5.18 10.55 252 40 44 6 
½ K2SO4+½ KCl 19.32 0.95 12.89 10.00 5.95 10.79 244 59 64 7 
LSD 5% 2.48 0.17 2.29 1.00 0.49 N.S 28 8 7 2 

 
Uptake of Nutrients by Capsules: 

 
Table (4) revealed that there were significant increments in capsules – K uptake due to fertilizing flax plants 

with K2SO4 as compared with control and other potassium treatments. However, KCl treatment showed 
significant decreases in Zn uptake. On the other hand, both of treatment K2SO4 and (K2SO4+ KCl)   resulted in 
decreases Na uptake. 
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Table 4: Effect of potassium fertilization source on uptake of nutrients by capsules  
Treatment N P K Ca Mg Na Fe Mn Zn Cu 

g kg-1  DW mg kg-1 DW 

Control 34.50 2.00 20.33 10.00 8.50 5.83 120 57 82 15 

K2SO4 25.00 2.40 23.30 9.80 7.00 2.00 101 37 86 15 
KCl 29.14 2.14 18.00 10.71 9.43 7.29 127 40 59 14 
½K2SO4+½ KCl 26.75 2.50 19.25 11.75 9.00 2.50 111 36 85 14 
LSD 5% 4.72 N.S 1.90 N.S 0.53 0.96 N.S 5 18 N.S 

 
Residual Effect on Soil:  

 
Data presented in Table (5) revealed that as a result of applying different K sources, soil phosphorus 

concentrations showed significant decrease as compared with control treatment. However, concentrations of 
potassium, calcium and magnesium showed marked increases as a result of KCl addition to the soil as compared 
to control and other potassium treatments. Moreover, a marked decrease in soil Na was recorded due to 
potassium treatments as compared with control treatment. Kaya, et al., (2001) published results which show that 
applying additional K under conditions of salt stress substantially alleviated the stress symptoms. On the other 
hand, micronutrients did not show any significant differences due to the different treatments. Concerning chloride 
concentration, it is clear that pots received K2SO4 showed slight decrease as compared with other treatments. On 
the other hand, in KCl and (½ K2SO4+½ KCl), showed slight increase as compared with control treatment. This 
means that a very little or almost non chloride accumulation occurred down to available depth of root zone due to 
applied KCl (Mian et al., 1998). Many investigators also found that the continuous use of KCl neither had a 
negative effect on crop yield nor soil or plant Cl concentrations because of its high solubility characteristics and 
movement with irrigation water (Schumacher and Fixen, 1990, Rashid et al., 1992, and Mian et al., 1998).  
Marchand and Abd El Hadi (2002) mentioned that in the highly irrigated soil and in the Nile valley chloride is 
leached and no difference between KCl and K2SO4 was observed. Data presented in Table (5) showed also that all 
parameters related to salinity i.e. E.C., Na and Cl were nearly in the same values which mean that applied KCl as 
source of K fertilizer did not show any negative effects on the soil, may be because chloride is mobile and subject 
to leaching. 

 
Table 5: Effect of potassium fertilization source on soil chemical properties.  

Treatment E.C 
dS/m 

P K Ca Mg Na Cl Fe Mn Zn Cu 
mg kg-1  soil 

Control 0.70 27.4 133 2760 1570 720 76 2.4 6.3 3.7 o.90 
K2SO4 0.63 14.3 137 2470 1410 560 71 2.6 5.7 3.3 0.83 
KCl 0.71 17.3 167 3270 1900 600 85 3.0 6.2 3.1 o.78 
½ K2SO4+½ KCl o.72 17.1 142 2570 1610 560 79 2.7 6.4 3.2 o.68 
LSD 5% N.S. 2.1 27 370 180 60 4.8 N.S. N.S. N.S. N.S. 

   
Conclusion: 

 
From the aforementioned results it could be concluded that K2SO4 is strongly needed to achieve maximum 

growth, yield as well as nutrient uptake. On the other hand, KCl could be used in combination with K2SO4 to 
achieve the same goal without any harmful effects on the soil fertility in case of using good quality of irrigation 
water and good drainage system. The ratio of both K2SO4 and KCl needs more studies. 
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