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4- RESULTS AND DISCUSSION 

 

Potatoes demand a high level of soil nutrients and have a 

particularly high requirement for potassium. Potatoes are 

regarded as an indicator crop for soil K availability because K 

uptake and total tuber yield are closely related to the supply of 

available K from soil and fertilizers. This is an attempt to 

evaluate the comparative effects of both SOP and MOP on yield 

and quality of potato grown in two locations with different soil 

types, i.e. Gemmeiza (alluvial soils) and Nubaria (calcareous 

soils) and to investigate if MOP can be used safety without 

detrimental long-term effects on potato yield and quality as well 

as soil conversation under Egyptian conditions. 

4.1. Effect of potassium fertilizer rates and forms on potato 

growth: 

4.1.1 Effect of K rates:  

 The mean effects of potassium fertilizer rates on some 

growth parameters, i.e. shoot and tuber dry weights during the 

two growing seasons at both locations are listed in Table (2). 

4.1.1.1. Shoot dry weight (g/plant) as affected by K rates: 

 It is obvious from the data that shoot dry weight of potato 

plants was significantly increased by potassium fertilizer 

application at Gemmeiza compared with the control, while it 

showed insignificant effects at Nubaria. Shoot dry weight at 

Gemmeiza was increased by increasing K rate up to the rate of 

48kg K2O/fed then declined during the two growing seasons 

showing that application of 48 kg K2O/fed is sufficient for 
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potatoes in this regard, although the shoot dry weight recorded 

less values in the first seasons than those obtained in the second 

seasons because of the incendece of some unfavourable climatic 

conditions in the first season. 

   The obtained results in Table (2) also showed inconsistent 

results for shoot dry weight of plants received two sprays of 

1%SOP solution under soil application of the half of the used K 

rates (12, 24 or 36 kg K2O/fed) which increased shoot dry 

weight in the first season but decreased it in the second season 

compared with the higher K rates (24, 48 and 72 kg K2O/fed) 

only. 

4.1.1.2. Tuber dry weight (ton/fed) as affected by K rates: 

 The results in Table (2) also illustrated positive 

significant effects for potassium application in different used 

rates on tuber dry matter yield which was increased by 

increasing K rates at Nubaria during the two growing seasons. 

However, at Gemmeiza, tuber dry matter being affected by K 

rates showed no specific trend during the two growing seasons, 

since it showed no significant differences among the K rates in 

the first season and increased by increasing K rate up to 48 kg 

K2O/fed then declined in the second season. Twice spraying 

potato plants with 1% SOP solution along with the attenuated K 

rates attained tuber dry weights close to those obtained by 

application of the higher K rates showing that half-K rates could 

be saved and substituted by twice foliar spray of 1% SOP 

solution. 

 The positive effects of potassium on shoot and tuber dry 

matter yields may be attributed to the favourable effects of K on 
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photosynthetic conditions. Also, protein and carbohydrate 

building up could be increased by K leading to increase the dry 

matter production of different plant organs. Moreover, 

potassium might increase the efficiency of the plant to utilize 

nitrogen which is essential for plant growth as well as other 

processes related to nitrogen metabolism (Forshey and McKee, 

1970). 

 In the same line, Sharma et al. (1984), El-Gamal (1985) 

and Shehata and Abo-Sedera (1993) reported that potassium 

fertilization, generally, showed significant stimulative effect on 

plant height and dry matter. Also, Haeder and Forster (1974) 

found that potassium favoured photosynthesis and the 

translocation of assimilates from leaves to tubers. 

 In this regard, Haeder (1976) found that dry weight of 

haulm was significantly increased with increasing potassium 

dose at four weeks after mid-flowering. Also, Omar et al. 

(1985) revealed that dry matter content of the foliage increased 

by SOP application (200 and 400 kg/fed). Anwar (1998) 

showed that K soil application from 50-100 kg K2O/fed 

enhanced shoot dry weight of potato. 

 

4.1.2. Effect of K forms: 

4.1.2.1. Shoot dry weight (g/plant) as affected by K forms: 

 At Nubaria, shoot dry weight of potato plants was not 

significantly affected by potassium fertilizer form during the 

second season 2003/04 only since shoot dry weight was not 

recorded in the first year due to unwilling conditions. However, 

at Gemmeiza location both potassium forms induced significant 
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increases in shoot dry weight over the control (unfertilized) 

treatments but SOP outyielded higher shoot dry weight than 

MOP as shown in Table (3). SOP application induced 

insignificant increase in shoot dry weight over MOP application 

by 2.75% in the first season and significant increase by 6.55% in 

the second season. 

 Meanwhile, spraying SOP solution at the concentration of 

1%, after 65 and 80 days from sowing, along with soil 

application of both K forms at the half-rate showed no specific 

trend, since spraying 1% SOP along with soil applied SOP gave 

better shoot dry weight in the first season while the opposite was 

observed in the second season. However, spraying potato plants 

with 1% SOP solution along with the half used rate of K 

fertilizer either in SOP or MOP form gave shoot dry weight 

close to those attained by the higher used K rates showing that K 

rate for potato could be reduced to the half dose along and 

replace the other half with foliar application of 1% SOP. 

 

4.1.2.2. Tuber dry weight (ton/fed) as affected by K forms: 

 Potato tuber dry weight was also significantly increased 

by potassium fertilization in either SOP or MOP form compared 

with chick treatment during the two growing seasons at both 

locations but SOP treatments surpassed those of MOP to 

different extents as shown in Table (3). MOP application 

reduced tuber dry weight compared with SOP, but the difference 

was significant in the second season (2003/04) only by 10.86% 

(0.33 t/fed) and 12.76 % (0.31 t/fed) at Nubaria and Gemmeiza, 

respectively. 
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The opposite influences of MOP and SOP on dry matter yield 

have physiological causes partly through effects on the water 

economy and partly effects on assimilation and enzyme activity. 

In this connection the IPI (1981) mentioned that when Cl alters 

the partition of assimilates between shoot and tuber, this causes 

reduced dry matter and starch contents in the storage organs, 

while the assimilates which cannot be transported to the storage 

organs increases shoot growth at the expense of tuber formation. 

The same IPI Research Topics added that the increase in water 

content of the tuber by MOP is also important because, as well 

as resulting in a lower starch and dry matter content, the loss of 

weight in storage is increased. 

 In this connection, Haeder (1976) in comparing MOP 

with SOP nutrition found that chloride hampered the assimilate 

translocation to roots and tubers of potatoes. As far as the foliar 

spray of K, the obtained results in Table (3) revealed that foliar 

spray of 1% SOP along with soil application of the half-rate of 

K as either SOP or MOP also increased tuber dry matter 

significantly compared with the untreated check with no 

significant differences between the higher applied soil K rates 

and those reduced to the half-rate accompanied by 1% SOP as 

foliar application. This proved that the half K rate for potato 

could be saved and substituted by twice foliar application of 1% 

SOP since the dry matter yields of shoots or tubers were 

statistically the same for the higher K rates and half-rate of K 

accompanied by two foliar sprays with 1% SOP after 65 and 80 

days from sowing as supplemental doses. 
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 The obtained results in Table (4) also showed that soil 

application of 72 kg K2O/fed as SOP and foliar sprays of 

1%SOP accompanied by soil applied 36kg K2O/fed as SOP or 

MOP almost gave the highest shoot and tuber dry yields with no 

significant differences at Nubaria and hence K rate for potatoes 

may be reduced to 36kg K2O/fed soil applied as SOP or MOP 

accompanied by two foliar sprays with 1% SOP at this location. 

 At Gemmeiza with alluvial soils, the results of the first 

season showed that soil application of 12 kg K2O/fed as SOP 

along with two sprays of 1% recorded the highest dry matter 

yields of both shoot and tubers followed by soil applied 36 kg 

K2O/fed  as MOP along with foliar spray of 1% SOP. However, 

the results of the second season showed the superiority of soil 

applied 48 kg K2O/fed as SOP followed by soil applied 12 kg 

K2O/fed as MOP accompanied by two foliar sprays of 1%SOP. 

 In conclusion, superior dry matter yields of potato from 

SOP, as compared with MOP were obtained at both Nubaria and 

Gemmeiza locations during the two growing seasons. Also, 

foliar spray of 1% SOP accompanied by soil applied MOP 

seems to have better affects on dry matter yields then when 

sprayed along with soil  applied SOP in most cases. 
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4.2. Effect of potassium fertilizer rates and forms on 

potato yield: 

 Among the major plant nutrients, potassium is considered 

to be of considerable importance in influencing potato crop yield 

and quality. Tuber size and number determine tuber yield and 

both are affected by the rates and forms of K fertilizer. 

 

4.2.1. Effect of K rates: 

4.2.1.3. Number of tubers /plant as affected by K rates: 

 At Nubaria location with calcareous soil, number of 

tubers/plant was recorded in the second season only, since K 

application higher than 24 kg K2O/fed showed insignificant 

effects on tuber number/plant which was significantly increased 

by about 8% over the control treatment due to application of 24 

kg K2O/fed. However, at Gemmeiza location with alluvial soil, 

number of tubers/plant responded significantly to K application 

at the different K used rate. Relative to control treatment, tuber 

number/plant increased significantly by increasing K rate up to 

48 kg K2O/fed   then reduced by the higher rate during the first 

season 2002/03, while the three K rates recorded significant 

increase over the check treatment with no significant differences 

among the three K rates as shown in Table (5). In this 

connection, Mazullah-Khan et al. (1990) mentioned that 

number of tubers increased with K application and 240 kg 

K2O/ha, produced the maximum tuber number/ha. Also, Gupta 

(1992) in India indicated that the total number of tubers was not 

significantly affected by K application. 
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 On the other hand, Shehata et al. (1990) reported that number 

of tubers/plant after 75 days from planting was not affected by 

potassium fertilization (0-200kg SOP/fed). Also, 

Satyanarayana and Arora(1985) showed that potassium 

fertilizer (120 kg K2O/ha) did not influence the number of 

tubers. Moreover, Anwar (1998) reported that number of tubers 

per plant significantly decreased with increasing K fertilizer 

level. Meanwhile, twice foliar spray of 1% SOP solution under 

the soil-applied low K rate (12 kg K2O/ha) induced significant 

increase in tuber number/plant at Nubaria compared with the 

control. No further increase in tuber number/plant was obtained 

due to spraying 1% SOP under soil application more than 12 kg 

K2O/fed   at this location although the tuber number /plant 

generally increased by spraying 1% SOP at all the half-K rates 

used. 

 At Gemmeiza, also plants received two sprays of 1% SOP 

under soil applied 12 kg K2O/fed during the first season gave 

significant increase in tuber number/plant which was reduced by 

increasing soil K application rate to 24 or 36 kg K2O/fed while 

the results of the second season showed that spraying 1% along 

with soil application of 36 kg K2O/fed resulted in significant 

increase compared with control. These results illustrate 

inconsistent effects on tuber number/plant for foliar spray of 

SOP under lower K rates. Taha and Hala (1991) also 

mentioned that tuber number/plant tended to increase 

insignificantly due to K foliar application as SOP at the rates of 

1-3%. However, Mohammed (2006) concluded that number of 
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tubers/plant was not significantly affected by foliar spray of SOP 

solution at 3%. 

 In the same line, Anwar (1998) revealed that application 

of 100 kg K2O/fed gave the highest tuber yield/plant compared 

to the control. 

 

4.2.1.4. Tuber yield/plant as affected by K rates: 

  The obtained results in Table (5) showed that at Nubaria 

location, where the results of the second season was only 

recorded, tuber yield/plant increased by K fertilizer application, 

however the increase fluctuated by K rate since the lower (24 kg 

K2O/fed)  and the highest(72 kg K2O/fed) rate gave significant 

increases over the untreated plots while the rate of 48 kg 

K2O/fed showed no significant effect contrary to the above, the 

results at Gemmeiza showed that, tuber yield/plant was 

significantly increased by the three soil applied K rates (24, 48 

and 72 kg K2O/fed  ) compared with the control treatment. 

However, tuber yield/plant was significantly increased by 

increasing K rate up to 48 kg K2O/fed  during the two growing 

seasons, but no further increases in tuber yield /plant were 

detected by increasing K rate to 72 kg K2O/fed  which caused 

significant reduction in tuber yield/plant in comparison with the 

rate of 48 kg K2O/fed   

 Shehata et al. (1990) also observed increases in fresh 

weight of tubers per plant by SOP application at 0-200 kg/fed. 

Average tuber yield /plant of potato was also increased with 

increasing the application of 100 kg K2O/fed (Anwar, 1998). 
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 Twice foliar applications of 1% SOP along with the 

reduced K-rate to the half also increased tuber yield/plant at 

Nubaria where the obtained tuber yield/plant under the half-K 

rate accompanied by foliar spray of 1% SOP was close to that 

obtained under the higher soil applied rates. Moreover, foliar 

spray of 1% SOP combined with soil applied 24 or 36 kg 

K2O/fed  recorded higher significant increases over the control 

showing foliar spraying of SOP was more effective under 

calcareous soil conditions where the K rate for potato could be 

reduced to the half and the other could be supplemented by 

foliar application of 1% SOP. 

 On the other hand, at Gemmeiza location with alluvial 

soils, the results of spraying SOP under the reduced K rate were 

sporadic. While twice spraying 1% SOP with the reduced K rate 

recorded higher tuber yield/plant relative to the higher K-rate 

without 1% SOP foliar spray in the first season, the opposite was 

observed in the second season when foliar spray of SOP under 

the reduced K rates gave lower tuber yield/plant. Although the 

obtained tuber yield/plant at Gemmeiza under foliar spray of 

SOP was significantly higher than the control in the first season, 

it was significantly reduced by increasing the soil applied K rate 

from 12 to 24 or 36 kg K2O/fed  . However, tuber yield/plant in 

the second season fluctuated by increasing soil applied K under 

foliar spray of 1% SOP although it was significantly higher than 

the control. 
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4.2.1.5. Tuber yield /fed as affected by K rates: 

 The potato tuber yield at Nubaria with calcareous soils 

increased with each additional increment of K fertilizer up to 72 

kg K2O/fed during the first season by 8%, 16% and 36%due to 

application of 24, 48 and 72 kg K2O/fed  respectively. However, 

it was fluctuated by increasing K rate in the second season, 

when the lower (24kg K2O/fed) and the higher K rate (72kg 

K2O/fed) caused significant increases over the control by 5.1% 

and 14.5%, respectively but the medium rate (48kg K2O/fed) 

gave insignificant increase by only 1.1% as shown in Table (5). 

Generally, potato tuber yield showed positive significant 

response to K fertilizer application in calcareous soils and the 

highest rate (72 kg K2O/fed) recorded the highest significant 

increases during the two growing seasons. Withal, at Gemmeiza 

location with alluvial soils, tuber yield was significantly 

increased by all levels of K fertilizer during the two growing 

seasons, however it was significantly increased by increasing K 

rate up to 48 kg K2O/fed  and no further increases were detected 

with K application higher than 48 kg K2O/fed  . The increases 

over the control were 27.1%, 29.4% and 26.9% during the first 

season and 24.2%, 42.3% and 33.10% during the second season 

for 24, 48 and 72 kg K2O/fed respectively. So, K fertilizer 

application at the rate of 72 kg K2O/fed  and 48 kg K2O/fed 

could be recommended for potato crop grown on calcareous and 

alluvial soils respectively. 

 The stimulative effect of K fertilization on potato could 

be attributed to its pivotal position in regulating yield and 

quality formation of plants. As a catalyst and osmoregulator, K 
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is involved in major metabolic activities such as carbohydrate 

and protein synthesis and other biochemical and physiological 

processes that influence plant growth and crop productivity and 

control, therefore, indirectly the efficiency of other nutrients. 

 In the same line, numerous investigators reported the 

favourable effects of potassium fertilization in different rates on 

potato yield as mentioned before in the review of literature. 

Ashour (1979), , Reddy and Arora (1982), Lal and Singh 

(1983), Dasmahapatra et al. (1984), Grewal and Singh 

(1984), Bourke (1985), Coetsee (1985), Kerschberger and 

Richter (1985) and Yuan et al. (1985). 

 The obtained results in Table (5) also illustrated 

significant increases in tuber yield at Nubaria in the two seasons 

by two sprays of 1% SOP solution under the soil application of 

the reduced K rates to the half. Under foliar spray of 1% SOP 

solution, tuber yield was significantly increased by increasing K 

rate from 12 to 36 kg K2O/fed.  Foliar application of 1% SOP 

accompanied by soil applied 36 kg K2O/fed recorded the highest 

tuber yield with no significant differences between this 

treatment and soil application of 72 kg K2O/fed only. These 

results showed generally that the obtained tuber yield with the 

higher K rates (24, 48, 72 kg K2O/fed) was very close to that 

obtained with the half-K rates along with foliar spray of 1% SOP 

showing that K rate for potatoes could be reduced to the half 

with foliar spray of 1% SOP and soil application of only 36 kg 

K2O/fed along with twice foliar spray of 1% SOP could be 

recommended for potato grown on calcareous soil at Nubaria. 
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 At Gemmeiza, soil application of the half-K rates along 

with foliar spray of 1% SOP also caused significant increases in 

tuber yield over the check treatment with no specific trend as 

shown in Table (5). While tuber yield was decreased by 

increasing K rate under foliar spray of 1% SOP in the first 

season, it was decreased by increasing K rate up to 24 kg 

K2O/fed then increased again by 36 kg K2O/fed. Generally, K 

fertilizer rate for potato at Gemmeiza could be reduced to only 

to 12 kg K2O/fed as soil application accompanied by twice foliar 

spray of 1% SOP since this treatment gave the highest tuber 

yield in the two seasons. 
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4.2.2.  Effect of K forms: 

 

4.2.2.3. Number of tubers / plant as affected by K forms: 

 

 The mean effects of K forms on number of tubers/plant 

are listed in Table (6). Though in general both K forms enhanced 

tuber number/plant relative to the control treatment at both 

locations, SOP application recorded higher tuber number than 

MOP. The reduction effect of MOP on tuber number/plant was 

pronounced at Gemmeiza where the decrease was significant by 

11.2% in the first season and insignificant by 6.2% compared 

with SOP. The results agreed with those obtained by Bester and 

Maree (1990). 

 It also appears that no significant differences in tuber 

number/plant were obtained when 1% SOP was applied as foliar 

spray under the half-reduced K rate in either SOP or MOP forms 

at both locations as shown in Table (6). However, foliar spray of 

1% SOP in combination with the half-reduced K rate seemed to 

be more effective on tuber number/plant than soil applied higher 

K especially at Nubaria but it gave fewer tuber number at 

Gemmeiza especially in the second season. 

 These results were in agreement with the findings 

obtained by Taha and Hala (1991) found that tuber number 

/plant tended to increase insignificantly due to K foliar rates. 
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4.2.2.4. Tuber yield/plant as affected by K forms: 

 The results of the experiments at both Nubaria with 

calcareous soil and Gemmeiza with alluvial soil to compare the 

effects of both potash forms on tuber yield/plant are quoted in 

Table (6). It is clear that although the two potash forms showed 

marked increases in tuber yield/plant incomparison with the 

control treatment, SOP form was superior to MOP which 

induced significant decreases as compared with SOP by about 

21.6% at Nubaria and 3.3-13.3% at Gemmeiza. 

 

 The effect of foliar spray of 1% SOP solution along with 

the soil applied half-reduced K rate on tuber yield/plant in either 

SOP or MOP forms showed considerable advantages for 

spraying SOP along with soil applied SOP especially at 

Gemmeiza where foliar spray of 1% SOP with soil applied SOP 

recorded significant increases in tuber yield/plant as compared 

with soil applied MOP. It worth noting that twice foliar spray of 

1% SOP solution combined with the half-reduced K rate gave 

tuber yield/plant nearly similar to that obtained the soil applied 

and complete K rate showing that some portion of the soil 

applied K rate could be served and supplanted by foliar 

application of 1% SOP. 

   

4.2.2.5. Tuber yield/fed as affected by K forms: 

 The average effects of K forms on tuber yield/fed are 

shown in Table (6). Although both of the investigated K forms 

produced tuber yield higher than the control, application of MOP 

led to yield reduction relative to SOP during the two growing  



4- Results and discussion 

 
 

67 

seasons at Nubaria and Gemmeiza. MOP application induced 

significant decreases in potato tuber yield/fed during the second 

season (2003/04) by 1.79 t/fed (10.9%) and 1.4 t/fed (10.7%) 

compared with SOP at Nubaria and Gemmeiza respectively, 

while the decrease in tuber yield/fed due to MOP application was 

insignificant during the first season (2002/03) at both locations. 

These results confirm the results obtained by Mohammed 

(2006) on sandy soils who found that potato tuber yield/fed was 

significantly increased by the addition of MOP relative to MOP 

in one out of two seasons. Also, El-Kabbany (1999) found that 

the tuber yield of potato plants grown on alluvial soils at 

Gemmeiza subjected to SOP was higher than those treated with 

MOP. In this regard, Beringer et al. (1991) reported that MOP at 

high rates significantly delayed potato tuber initiation, as 

compared with SOP, as a result of lower osmotic potentials, 

higher water contents and greater shoot growth in the MOP-

treated plants. They also added that delay in tuber onset at 

restricted growth periods results in lower final yields and thus 

lower return from fertilizers. The IPI Research Topics No.9 

(1981) also stated that numerous experiments in Germany, 

Switzerland, France, Russia, England, the USA, etc. have led to 

the conclusion that the sulphur component of SOP fertilizer can 

be responsible for appreciable increases in yield, as the tubers 

and stems have relatively high S contents, indicating the high 

sulphur requirement of potato. The IPI (1981), comparing the 

forms of potash, stated that there was only a slight advantage in 

favour of sulphate, but on the less fertile (more responsive) sites 

the advantage was considerable. This indicates that experiments 

on non-K responsive sites can lead to false conclusions. Hahlin 
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and Johansson (1973) also found that relative response 

depended on soil fertility and the level of fertilizer application, 

MOP giving higher yields at low rates while SOP was superior at 

high rates of K application. Also, Krauss (1993) mentioned that 

when chloride is present in large quantities in the rhizospher 

(arid soils), an additional supply with K in form of MOP can 

interfere in several yield and quality developing processes. He 

also added that the accompanying anion of potassium fertilizer 

can interfere also with the availability and efficiency of those 

nutrients fixed at high pH such as phosphorus and 

micronutrients. Plants fed with SOP have, as demonstrated by 

Roemheld (1983) a substantially lower pH at the root surface 

than in the surrounding soil. The marked decrease in 

rhizospheric pH with SOP is caused by differences in 

cation/anion uptake. Thus, lowering the rhizospheric pH with 

SOP can improve the availability and thus, the efficiency of P 

and micronutrients in particular, when fixed at high pH. 

 Superior yield from SOP as compared with MOP have 

also been reported by numerous investigators such as Jekic et al. 

(1998) and Marchand and Bourrie (1997). 

  

Foliar application of 1% SOP solution on potato plants 

received 50% of soil applied K rate in both K forms at Nubaria 

induced significant increases in tuber yield over the control 

treatment during the two growing seasons with slight advantage 

in favour of MOP being close to that obtained by the full applied 

K rate without foliar spray of SOP. These results show the 

effectiveness of supplemental SOP spraying on potato plants 
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grown on such calcareous soils at Nubaria receiving 50% of soil 

applied K as MOP. On the other hand, no specific trend was 

observed at Gemmeiza location. In the first season, spraying 1% 

SOP solution on plants received the half-reduced K rate soil 

applied in both K forms gave tuber yields higher than  that of 

control treatment or those received the full-K rate. 

 Moreover, spraying SOP combined with soil applied SOP 

at half-reduced K rate gave significant increase in tuber yield as 

compared to combined with soil applied MOP. In the second 

season, the reverse is the case, since spraying 1% SOP along 

with the half-reduced soil applied K as MOP induced significant 

increase in tuber yield over the check treatment and gave tuber 

yield similar to that obtained with the full-K rate soil applied as 

MOP. These inconsistent results at Gemmeiza could be due to 

the relative high K soil content at this location which may lead to 

sporadic response to K fertilizers. In conclusion, spraying potato 

plants received the half-reduced K rate as MOP with 1% SOP 

solution as a supplemental dose was more effective and gave 

better yields on calcareous soils than on alluvial soils. 

 In the same line, Taha and Hala (1991) found that the 

average of tuber yield/fed responded significantly to K foliar 

rates (1, 2 and 3% SOP) and the rate of 2% produced the highest 

values of average tuber yield/fed during two growing seasons. 

 The interaction effect between K rates and forms was 

significant during the two growing seasons at Nubaria, with 

calcareous soils, and soil application of 72 kg K2O/fed as SOP or 

foliar spray of 1% SOP along with soil application of 36 kg 

K2O/fed as SOP or MOP recorded the highest tuber yield/fed  
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with no significant differences among these three treatments 

which produced tuber yield ranged from 10.01 to 10.53 ton/fed 

in the first season and from 16.69 to 17.41 ton/fed in the second 

season (Table, 7). These  results show that soil application of 

only 36 kg K2O/fed as SOP or MOP with supplementary dose as 

twice foliar spray of 1% SOP could be recommend for potatoes 

grown on calcareous soils. 

 

 At Gemmeiza location with alluvial soils, the interaction 

effect between K rates and forms was also significant during the 

two growing seasons, but no specific trend was noticed. While 

foliar spray of 1% SOP along with soil applied SOP at 12 kg 

K2O/fed recorded the highest tuber yield (10.25 ton/fed) in the 

first season, soil application of 48kg K2O/fed as SOP produced 

the highest tuber yield (14.45 ton/fed) in the second season as 

shown in Table ( 7). 
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4.3. Effect of potassium fertilizer rates and forms on 

tuber quality: 

 Quality criteria: The following quality criteria are those 

that the industry takes into account for processing potatoes: 1) 

tuber size, tubers must be large enough especially for fried 

potatoes and crisps; 2) tuber color or internal blackening is also 

important for fried potatoes and crisps; 3) tubers must have a 

high percentage dry matter for economical reasons, but not too 

large for the potato to be resistant to mechanical damage; 4) the 

starch content must also be high for economical reasons; and 5) 

tubers must not alter during storage before processing. 

 

A.Tuber size: 

Potatoes grown for the table should not contain a large 

proportion of small tubers, preparation of which involves a high 

loss in peelings. Small tubers are removed when the crop is 

riddled for the market and can only be used for stockfeed. 

Neither should there be too many over- large and misshapen 

tubers, the ideal crop consists of moderate and uniformly sized 

tubers and this applies also to potatoes grown for crisping, etc. 

The effect of fertilizers on tubers size are complex; this may 

affect the number of tubers initiated and, hence average size; 

they may also affect the size of the individual tuber per Se. 
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 4.3.1.6. Effect of K rates on tuber size: 

 The results obtained in Table (8) showed that increasing 

K rate from 24 to 72 kg K2O/fed gave vacillating effect on  

tuber size at Nubaria. Potassium application at the lower rate 

reduced small tubers (<35mm) significantly while the higher 

rates showed no significant effects on small tuber size. On 

the other hand, K application all rates (24- 72 kg K2O/fed) 

caused significant increases in the medium sized tubers (35-

55 mm) while the higher K rate (72 kg K2O/fed) only gave 

significant increase in large tuber size (>55 mm) over the 

unfertilized plots. Generally, application of K rates at 

Nubaria increased both the medium and the large tubers at 

the expense of the small tubers and the highest K rate 

recorded the highest yields of both the medium (6.94 t/fed) 

and the large (5.70 t/fed) tuber size. 

 In other words, K application at Nubaria, with calcareous 

soils, increased the proportion of marketable tubers (>35 

mm) at the expense of the small tubers, although the 

increasing K rate showed inconsistent results. 

 Tuber size distribution in Table (9) showed that the 

medium sized tubers (35-55 mm) had the highest percentage 

of the total tuber yield. K application at different used rates 

gave significant increases in the percentage of the medium 

sized tubers over the control but the percentage was gradually 

reduced from 48.84% to 47.30% by increasing K rate from 

24 to 72 kg K2O/fed. However, both small (<35 mm) and 

large tuber (>55 mm) percentages were not significantly 

affected or decreased by K application. 
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 Spraying 1% SOP solution on plants received the half-

reduced K rates (12-36 kg K2O/fed) as soil application also 

induced significant increases in the proportion of the medium 

sized tubers over the control, while spraying of 1% SOP 

along with soil applied 24-36 kg K2O/fed gave significant 

increase in the proportion of tubers above 55mm. Such 

increases in both medium and large tuber yields were at the 

expense of the small tuber yield which was not significantly 

affected. Also, spraying 1% SOP along with 36 kg K2O/fed 

gave comparable tuber yields of both medium and large sizes 

with those obtained from soil applied of 72 kg K2O/fed. 

 Tuber size distribution in Table (9) also indicated that the 

yield percentages of both small and medium tuber size were 

reduced by increasing the half-reduced K from 12 to 36 kg 

K2O/fed under 1% SOP as foliar application, while the 

opposite was the case for the proportion of the large sized 

tubers. 

 It could be concluded that, potash application increased 

the average size of tubers and, hence the proportion of 

marketable tubers (>35 mm) with advantage of the highest K 

rate (72 kg K2O/fed) at Nubaria and such increases were at 

the expense of the small sized tubers. 

Moreover, spraying 1% SOP along with soil applied 36 kg 

K2O/fed produced comparable yields of the marketable 

tubers with those produced by soil applied 72 kg K2O/fed. 

Tuber size distribution showed decreases in the proportions 

of both small and medium tubers by increasing the half-
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reduced K rate under 1% SOP foliar applied while the 

opposite was the case for the large sized tubers. 

 At Gemmeiza, it is obvious application of potash 

fertilizer, especially at the higher rates (48 and 72 kg 

K2O/fed) reduced the yield of small tubers (<35 mm) 

significantly as compared with the check treatment during the 

two growing seasons and the highest K rate recorded the 

lowest yield of small tubers. On the other hand, K application 

increased marketable tuber yields (>35 mm) significantly as 

shown in Table (8). Increasing K rate from 24 to 48 kg 

K2O/fed increased the medium sized tubers from 5.80 to 6.33 

ton/fed (9.14%) in the first season and from 5.45 to 6.94 

ton/fed (27.34%) in the second season, but it was declined to 

5.92 and 6.01 ton/fed in the first and second season 

respectively by increasing K rate to 72 kg K2O/fed. 

Meanwhile, potash fertilization gave sporadic effects on the 

large tuber sized yield during the two growing seasons. 

Although it was significantly higher than the control in the 

first season, it declined by increasing K rate to 48 kg K2O/fed 

then rose again by higher K rate. 

     In the second season, the large tuber sized yield was 

augmented by increasing K rate and the higher rates (48-72 

kg K2O/fed) recorded significant differences over the control. 

Generally, K application at Gemmeiza location with alluvial 

soils enhanced the marketable tuber yield of potato at the 

expense of the small tuber yield, and the rate of 48 kg 

K2O/fed recorded the highest medium tuber sized yield while 
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the highest K rate (72 kg K2O/fed) had favourable effects on 

the large tubers. 

 Foliar application of 1% SOP combined with soil 

application the half-reduced K rates (12-36 kg K2O/fed) gave 

comparable yields of different tuber sizes with those obtained 

from the soil applied full K rates (24-72 kg K2O/fed) except 

the marketable tuber yield in the second season, when the soil 

applied K at the half- reduced rate along with the 

supplemented foliar K spray as 1% SOP produced lower 

marketable tuber yields than those produced by the soil 

applied K at the full rate as shown in Table (8). The opposite 

was the case in the first season when the soil applied half-K 

rate was supplemented by 1% SOP as foliar spray gave 

slightly better marketable tuber yield than the full-K rate 

accompanied by a reduction in small tuber sized yield. 

      In this connection, Sharma and Arora (1987) 

revealed that increasing K rate decreased the yield of small 

(<25 g) tubers/m
2
 and increased those of medium (25-75 g) 

and large (>75 g) tubers. They proved that yield increases 

with increasing K rate were due to increases in numbers of 

medium and large tubers. 

      Tuber size distribution in Table (9) showed marked 

significant decreases in the proportion of small tubers (<35 

mm) from 9.78 to 3.30% in the first season and from 27.02 to 

15.70% in the second season by increasing K rate from nil to 

72 kg K2O/fed. However, the medium sized fraction (35- 55 

mm) increased significantly from 64.87 to 69.51% in the first 

season and from 46.76 to 52.21% in the second season by 
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increasing K rate from 24 to 48 kg K2O/fed then declined to 

66.22 and 48.34% in the first and second season respectively 

by further increase of K to 72 kg K2O/fed. The proportion of 

the tuber size over 55 mm showed significant increments 

over the control due to K application at different rates with 

no specific trend in the first season when it was reduced by 

increasing K rate to 48 kg K2O/fed then rose again by 

increasing K rate to 72 kg K2O/fed. Contrary to this K 

application reduced the proportion of the large tubers 

especially the lower K rates (24 and 48 kg K2O/fed) which 

induced significant reduction as compared with the control. 

 In conclusion, tuber size distribution showed sporadic 

response to fertilizer K application at Gemmeiza location, 

where the increase in the large tubers ( >55 mm ) was at the 

expense of the small sized during the first season, while the 

proportion of the medium sized was greatly increased by K 

application at the expense of both small and large tubers in 

the second growing season. 

 Spraying 1% SOP solution on potato plants received the 

half-reduced K rates applied to the soil gave coincidence 

results as those obtained with the soil applied full-K rates. 

Relative to control, foliar spray of 1% SOP along with the 

half-reduced K in the first season recorded significant 

reductions in the proportion of the small tubers accompanied 

by significant increases in the proportion of the large tubers 

with non-significant effects on the medium sized tubers, but 

in the second season, the proportion of the medium tubers 

showed significant increases at the expense of both small and  
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large tubers which were significantly decreased by foliar K 

application with the reduced K rates. It worth noting that 

reducing K fertilizer rate along with the supplemented foliar 

K application did not alter tuber size distribution compared 

with soil K application at the full rates. 

 

4.3.2.6. Effect of K forms on tuber size: 

  The results of the present study to compare the 

effect of potash form on potato tuber size are quoted in Table 

(10). The average effect of both K forms revealed that MOP 

application caused reduction in the all proportions of tuber 

size as compared with SOP at Nubaria. The yield of small, 

medium and large sizes were significantly reduced from 3.20, 

7.75 and 5.46 t/fed respectively to 2.93, 7.08 and 4.61t/fed 

respectively by substiting MOP for SOP. It worth noting that 

MOP application reduced the total tuber yield relative to SOP 

 On the other hand, the results of Nubaria location 

revealed that there were no differences in the yield of both 

small and medium sized tubers due to foliar application of 

1% SOP either with SOP or MOP applied as soil application 

at the half-K rate, while foliar application of 1% SOP along 

with the half-reduced K as MOP gave better yield of large 

tubers (5.42 t/fed) than as SOP (4.71 t/fed). It worth 

mentioning that the fraction of large sized tubers reduced 

significantly from 5.46 t/fed for SOP to 4.61 t/fed for MOP 

(15.6%), but the same grade of tubers recorded significant 

increase when MOP rate was half-reduced and supplemental 

dose as 1% SOP was foliar applied as mentioned before. 
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 Tuber size distribution in Table (11) indicated that MOP 

application caused significant reduction in the proportion of 

the large tubers relative to SOP with corresponding slight 

increases in the small and medium grades. However, foliar 

spray of 1% SOP along with the half-reduced K soil applied 

as MOP recorded significant decreases in both small and 

medium proportions compared with spraying SOP along with 

soil applied SOP, while the opposite was the case for the 

proportion of large tubers which was greatly ameliorated by 

spraying 1% SOP combined the half-reduced K rate as MOP. 

It could be concluded that at Nubaria, although soil applied 

MOP alone at the full-K rate reduced the proportion of large 

tubers with slight increases in the other two proportions, 

reducing MOP to the half-rate combined with a supplemental 

dose of 1% SOP foliar applied gave significant increase in 

the large tubers at the expense of both small and medium  

proportions which were significantly decreased relative to 

spraying along with soil applied SOP (Table, 11). These 

results at Nubaria revealed that the adverse effect of MOP on 

large tuber proportion, which the industry takes into account 

for processing potatoes, could be ameliorated by reducing 

soil applied MOP to the half-rate in combination of foliar 

applied 1% SOP. 

 At Gemmeiza location, the obtained results of K form 

effects on potato tuber size were inconsistent during the two 

growing seasons. While the yield of medium tubers was 

significantly increased by MOP, the yields both small and 

large tubers were significantly reduced as compare with SOP 
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in the first season. However, in the second season, MOP 

application encouraged the formation of small tubers at the 

expense of both medium and large tubers. The inconsistent 

results may be attributed to the relatively high K content of 

the experimental soil at this location. 

     Reducing the fertilizer K rate in both forms with a 

supplemental dose of 1% SOP foliar applied also showed 

sporadic effects on potato tuber size at Gemmeiza during the 

two growing seasons as shown in Table (10). Foliar 

application of 1% SOP combined with soil applied SOP at 

the half-K rates gave better marketable tuber yields in the 

first season, while it encouraged the formation of medium 

tuber yield at the expense of large tuber yield in the second 

season. 

 Tuber size distribution in Table (11) as affect by K form 

showed the same trend obtained with the different grades of 

tuber yield. Substituting MOP for SOP reduced the 

proportions of small and large tubers from 4.65 and 31.34% 

to 3.66 and 26.62% respectively and increased the proportion 

of medium tubers from 64.01 to 69.72% in the first season, 

while in the second season, the percentage of small tubers 

increased from 16.03 to 22.81% and both medium and large 

tuber percentage decreased from 51.88 and 32.09 % to 46.31 

and 30.87% respectively. 
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 In other words, MOP application at Gemmeiza 

encouraged the formation of the medium sized tubers at the 

expense of both small and large tubers in the first season, 

while it favoured the small tuber formation at the expense of 

the marketable tubers (>35 mm). 

 Application of the half-reduced K as either MOP or SOP 

combined with a supplementary dose of 1% SOP foliar 

applied gave also fluctuated effects on tuber size distribution. 

Foliar application of 1% SOP along with soil applied SOP at 

the half-K rate gave better large tubers at the expense of both 

small and medium tubers than along with MOP in the first 

season, but the opposite was the case in the second season. 

 The effect of interaction between K form and rate on 

different grades of potato tuber size was significant, but the 

response was greatly sporadic as shown in Tables (12 and 

13). At Nubaria location, plants sprayed with 1% SOP 

solution and received 36 kg K2O/fed as SOP recorded the 

highest large tuber yield (6.05 t/fed) while soil application of 

72 kg K2O/fed as SOP recorded the highest medium tuber 

yield (8.36 t/fed). However, at Gemmeiza location, foliar 

application of 1% SOP combined with soil application of 

12.24 kg K2O/fed as SOP produced the highest marketable 

tuber yield in the first season, but soil application of 48 kg 

K2O/fed as SOP produced the highest marketable tuber yield 

in the second season.  
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B. Tuber composition: 

 Dry matter content: 

4.3.1.7. Effect of K rates on dry matter content: 

 High dry matter content is particularly to be desired in 

potatoes for processing (crisp manufacture, oven ready chips, 

dehydrated potatoes), but K usually reduces tuber dry matter 

content. The susceptibility to blackening, which takes place 

during handling or when the tubers are cut or peeled, 

increased as tuber dry matter content rose and K content 

decreased (Aeppli and Keller, 1978). Tuber color or internal 

blackening is also important for fried potatoes and crisps. The 

results of the present study confirms this as illustrated in 

Table (14). Application of K fertilizer at different rates, 

irrespective of K form, reduced tuber dry matter content to 

different extents with no specific trend at Nubaria, since the 

reduction in dry matter content was significant (2.75-5.90%) 

in the first season and insignificant in the second season as 

compared with control.  

        At Gemmeiza location, the diminution in dry matter 

content due to K fertilizer application was also noticed, 

where the application of 24 or 48 kg K2O/fed caused 

significant reduction over the control by 3.74 or 6.63% 

respectively in the first season, while only the highest K rate 

(72 kg K2O/fed) recorded significant reduction 2.57% in the 

second season. 

      Tuber dry matter content was also decreased by 

increasing K fertilizer at the half-reduced rate (from 12 to 36 

kg K2O/fed) with foliar applied 1% SOP in the first season at 
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Nubaria, but it was slightly reduced in the second season. At 

Gemmeiza location, the dry matter content was also reduced 

significantly by increasing the half-reduced K rate from 12 to 

36 kg K2O/fed combined with foliar applied 1% SOP in the 

first season, but it showed no specific trend in the second 

season. 

       Generally, the dry matter content of tubers was 

reduced by K fertilizer application at various rates, and 

reducing K fertilizer to the half rate accompanied by foliar 

application of 1% SOP as supplementary dose did not 

compensate this diminution. 

       The interaction effect between K rate and form on dry 

matter content in tubers was significant at both locations and 

growing seasons except the second season at Nubaria, when 

insignificant interaction effects were noticed, however it was 

no specific trend that could be detected. 
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 4.3.2.7. Effect of K forms on dry matter content: 

     Using SOP usually gives a higher dry matter content 

than MOP. This was confirmed in the present study at both 

locations in the two growing seasons (Table, 15). Substituting 

MOP for SOP at Nubaria reduced tuber dry matter content 

from 19.58 to 19.28% in the first season, but minor change 

was noticed in the second season. At Gemmeiza the dry 

matter content also decreased from 23.85 % for SOP to 

23.35% for MOP in the first season and slightly reduced 

(from 20.89 to 20.72% by SOP and MOP respectively) in the 

second season. Meanwhile, foliar spray of 1% SOP along 

with the half-reduced K rate as either SOP or MOP showed 

no or slight changes. Generally speaking, applying potash 

usually reduced tuber dry matter content but the effect of 

SOP was less pronounced than that of MOP. In this 

connection, the IPI (1981) mentioned that specific gravity 

and dry matter content are important for table potatoes. High 

specific gravity indicates high dry matter content. A dense 

mealy potato is better suited for boiling with less loss in 

cooking. Chips and crisps manufactured from high specific 

gravity potatoes take up less oil, the product is more 

digestible and of higher value. 

     The same Research Topic reported that there is no lack 

of experimental evidence to show that these quality criteria 

are favoured by sulphatic K fertilizer in comparison with the 

chloride. 
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 The IPI (1981) also mentioned that the opposite influences 

of Cl and SO4 on dry matter yield and specific gravity of 

tubers have physiological causes partly through effects on the 

water economy and partly through effect on assimilation and 

enzyme activity. When Cl alters the partition of assimilates 

between shoot and tuber, this causes reduced dry matter and 

starch contents in the storage organs, while the assimilates 

which cannot be transported to the storage organs increase 

shoot growth  at the expense of tuber formation as pointed 

out by Haeder (1976). 

 The interaction effect between K rates and forms on dry 

matter content at Nubaria was significant in the first season 

and insignificant in the second season, while significant 

interaction effects were obtained in the two growing seasons 

at Gemmeiza location. However, no specific trend could be 

noticed at both locations and growing seasons as shown in 

Table (16). 

 

Total carbohydrate and starch contents: 

4.3.1.8. Effect of K rates on total carbohydrate and starch 

contents: 

       Generally speaking, starch content moves hand-in-

hand with total carbohydrate content (Table, 14). Marked 

significant increases in both starch and total carbohydrate 

contents were detected in potato tubers by K fertilizer 

application-irrespective of K form-at different rates at 

Nubaria during the first season with no significant differences 

among K rates. However, the two parameters were not 
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significantly affected by K fertilizer application in the second 

season at the same location. The incident increases over the 

control in the first season ranged from 6.93 to 7.62% for total 

carbohydrate content and from 7.90 to 9.39% for starch 

content, while slight increases in both parameters in the 

second season. 

     At Gemmeiza location, total carbohydrate and starch 

contents were also significantly augmented by K fertilizer 

application as compared with the control in the first season, 

ranging from 9.59 to 10.13% for total carbohydrate and from 

10.68 to 11.94% for starch, with no significant differences 

among K fertilizer rates. However, the results of the second 

season at Gemmeiza revealed that only the rate of 48 kg 

K2O/fed induced significant increases over the control in total 

carbohydrate and starch contents by 4.14 and 5.54% 

respectively, while the lower or the higher rate showed 

insignificant increases in the two parameters. 

      Increasing carbohydrate content in tubers with K 

treatments may be due to the fact that potassium promotes 

CO2 assimilation and carbohydrate translocation from leaves 

to tubers (Lachover and Arnon, 1966). In addition, starch 

synthesizing enzymes have specific requirements of K 

(Hawker et al., 1979) 

        Relative to soil applied full-K rates at Nubaria, 

reducing K fertilizer to the half rate combined with 

supplemental dose of foliar applied 1% SOP gave similar 

contents of both total carbohydrate and starch contents with 

some advantage to the treatment of 36 kg K2O/fed soil 
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applied with 1% SOP which gave the highest contents 

compared the other treatments in the two growing seasons. 

These results confirm the effectiveness of foliar K application 

as SOP along with the soil applied K at the half rate at 

Nubaria with calcareous soils. Contrary to the above, foliar K 

application with the half-reduced K gave less contents of 

total carbohydrate and starch less than those obtained with 

the soil applied full-K rate at Gemmeiza, especially foliar 

spray of 1% SOP with 24 or 36 kg K2O/fed which gave the 

lowest contents of total carbohydrate and starch as compared 

with the other K treatments. These results indicate that foliar 

K application is more effective in calcareous soils than 

alluvial soils and thus reducing the soil applied K rate 

required by potato crop grown in calcareous soil. 

    There is no clear evidence regarding the effect of K on 

starch content. For some researchers, K reduced starch 

content through an increased water content in the tubers 

although potassium activates enzymes involved in starch 

formation (Forster, 1981), or had no effect or a sight 

diminution (Rinno et al., 1973). On the other hand, several 

reports are available on the positive effect of K on starch 

content (Siebold, 1973). 

         Starch content and starch yield are decisive for 

industrial and stockfeed potatoes.The favourable effects of K 

on carbohydrate translocation and on the enzyme systems 

(starch synthetases), with consequent effects on yield and 

quality, are to some extent offset by the unfavourable effects 
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of rising K content in the plant which reduces starch content 

(IPI, 1981). 

 

4.3.2.8.  Effect of K forms on total carbohydrate and 

starch contents:       

     The mean effects of the two used K forms are given in 

Table (15) from which it is seen that the two K forms caused 

significant increases in both total carbohydrate and starch 

contents over the check treatment at both locations, except 

the second season at Nubaria. However, there were slight 

differences between the two K forms in favour of SOP 

ranging from 0.56 to 1.96% for total carbohydrate and from 

0.20 to 1.79% for starch at Nubaria, while less differences 

were obtained at Gemmeiza, ranging from 0.35 to 0.37% for 

total carbohydrate and from 0.35 to 0.39% for starch. 

      Many authors reported a positive effect of SOP 

compared with MOP such as Garin (1979) and Prummel 

(1981). Ivanov and Boradich(1972) observed no such 

effects while the same was reported by Bruchholz (1976). 

The favorable effect on tuber starch content with SOP as 

compared with MOP has been attributed to a higher 

translocation of assimilates into the tubers with SOP 

(Haeder, 1976). 

           The IPI (1981) reviewed the effect of K form on tuber 

starch content and mentioned that Cl favoured the formation 

of insoluble starch in the leaf and reduced the translocation of 

soluble sugars from leaf to tuber. It was added that there was 

no influence on starch content from 50-50 MOP-SOP 
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(compared with SOP) but that further increasing the 

proportion of MOP reduced it. Total hydrolysable 

carbohydrate in the tubers of plants treated with MOP was 

found to be increased compared with MOP (El-Kabbany, 

1999). 

     The results in Table (15) also indicated that spraying 

potato plants with 1% SOP either with SOP or MOP showed 

no significant differences in total carbohydrate and starch 

contents between the two K forms at Nubaria. However, at 

Gemmeiza location with alluvial soils, foliar spray of K with 

soil applied MOP recorded significant decreases in total 

carbohydrate and starch contents relative to spraying K with 

SOP in the first season, but slight differences were detected 

in the second season. These results confirm again that foliar 

K application is more effective in calcareous soils than 

alluvial soils, and spraying K along with soil applied SOP 

gave better carbohydrate and starch content than with MOP. 

       Significant interaction effects between K rates and 

forms on total carbohydrate and starch contents of tubers 

were also detected at both locations and growing seasons, 

except the second season at Nubaria when the quality 

parameters were not significantly affected. Foliar application 

of 1% SOP along with soil applied 36 kg K2O/fed as SOP or 

MOP recorded the highest contents of total carbohydrate and 

starch in tuber at Nubaria. At Gemmeiza, the highest contents 

of total carbohydrate and starch was achieved by foliar spray 

of 1% SOP with soil applied of 12 kg K2O/fed in the first 
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season, and by soil application of 48 kg K2O/fed in the 

second season as shown in Table (16). 
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Reducing, non-reducing and total soluble sugars: 

4.3.1.9. Effect of K rates on reducing, non-reducing and 

total soluble sugars: 

         Relative to control treatment, K fertilization at the 

used rates decreased potato tuber contents of reducing, non-

reducing and total soluble sugars to different extents at both 

locations, Nubaria and Gemmeiza, during the two growing 

seasons as shown in Table (17). At Nubaria, with calcareous 

soils, the lowest (24 kg K2O/fed) and the highest (72 kg 

K2O/fed) K rates recorded significant decreases in these 

sugar fractions as compared with the control in the two 

seasons, while this was true for the medium rate (48 kg 

K2O/fed) in the second season only.     

   At Gemmeiza with alluvial soils, on average of the three K 

rates, the grown plants produced tubers with less sugar 

content than those grown at Nubaria. Potassium application 

at different used rates caused significant reduction in tuber 

contents of reducing, non-reducing and total soluble sugars as 

compared with the check treatment during the two growing 

seasons except the reducing sugar fraction in the second 

season which was not significantly affected by K application. 

The highest K rate (72 kg K2O/fed) gave the highest values 

of sugars fractions relative to the lower K rates (Table, 17).     

In this regard, the IPI Bulletin (1983) mentioned that crisps 

should not be too dark coloured. A high content of reducing 

sugars, which react with amino acids to produce a dark 

pigment is therefore undesirable. 
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 According to Stricker(1971) reducing sugar content 

(glucose + fructose) of potatoes for crisps should not exceed 

0.25% and of those for chips and dehydration it should not 

exceed 0.5%. Rinno et al.(1972) showed that increasing K 

fertilizer tended to reduce the reducing sugar content. 

However, Sahota et al. (1988) found that K fertilizer 

increased total and reducing sugar contents of tubers. 

       The obtained results in Table (17) also showed that 

reducing K fertilizer to the half-rate along foliar applied 1% 

SOP at Nubaria induced insignificant effects on soluble sugar 

fractions compared with control except both non-reducing 

and total soluble sugars in the second season which were 

significantly decreased. There were no significant differences 

in soluble sugar fractions in potato tubers between the full-

applied soil K and reduced K rates combined with foliar K 

applied, and soil application of 36 kg K2O/fed with foliar 1% 

SOP recorded the highest tuber contents of reducing, non-

reducing and total soluble sugars. 

      At Gemmeiza, foliar application of 1% SOP along 

with the half-reduced K rates showed no significant effects of 

soluble sugar contents of potato tubers as compared with the 

check treatment, except the K rate of 12 kg K2O/fed with 1% 

SOP foliar applied which caused significant decreases in 

soluble sugar contents in the first season. It is worth noting 

that on average of the half-reduced K rates with 1% SOP 

foliar applied, soluble sugar content of tubers were slightly 

ameliorated compared with the soil applied full-K rates. It 

could be concluded that applying potash reduced tuber  
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contents of reducing, non-reducing and total soluble sugars 

and the effect foliar applied K along with the half –reduced K 

rate was less pronounced than that of the soil applied full-K 

rates. 

4.3.2.9. Effect of K forms on reducing, non-reducing and 

total soluble sugars: 

       The mean effects of the two K forms on tuber content 

of sugars are quoted in Table (18). Although the two K 

forms, SOP and MOP gave significant decreases in tuber 

contents of reducing, non-reducing and total soluble sugars 

relative to the check treatment, there were no significant 

differences between the two K forms. Slight differences in 

reducing sugar content in favour of MOP were detected at 

both locations during the two growing seasons. 

    However, SOP slightly favoured non-reducing and total 

sugar contents at Nubaria but no changes were noticed at 

Gemmeiza. 

  In this regard, Stricker (1971) found no significant 

differences between sulphate and chloride, the sugar content 

being influenced mainly by storage temperature. Zuk and 

Gupalo in the IPI Research Topic No.9 (1981), ascribed the 

better taste and aroma of sulphate treated potatoes to their 

lower total sugar and free amino acid contents. These form 

unpleasant tasting volatile compounds in cooking. 
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     On the other hand, reducing K rate to 50% as SOP 

combined with 1% SOP foliar applied at Nubaria also caused 

significant reduction in all soluble sugar fractions during the 

two seasons, but spray 1% with soil applied MOP induced 

significant decreases in non-reducing and total sugars in the 

second season only. At Gemmeiza, foliar application of 1% 

SOP with either SOP or MOP soil applied showed no 

significant effects on soluble sugar fractions as compared 

with the check treatment but foliar spray of 1% SOP with 

50% soil applied MOP recorded higher values for soluble 

sugar fractions than those obtained with the full K rate as 

SOP or MOP. It could be concluded that reducing K rate as 

SOP along with 1% SOP foliar applied produced potato 

tubers with less soluble sugars than reducing K rate as MOP. 

    Significant interaction effects between K rate and form 

on soluble sugar fractions were detected at Nubaria and 

Gemmeiza during the two growing seasons, except reducing 

sugar content at Gemmeiza in the second season which was 

not significantly affected by this interaction. Reducing, non-

reducing and total soluble sugar contents were generally 

reduced by the two K rates in different used rates, and soil 

applied SOP particularly the higher rates (48 and 72 kg 

K2O/fed) recorded the highest reduction as shown in Table 

(19). 
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  4.4. Nutrient removal in tubers: 

 The IPI (1983) reported that potato crop is demanding of 

soil nutrients and has a particularly high requirement for 

potassium-the tubers remove 1.5 times as much potassium as 

nitrogen and 4 or 5 times the amount of phosphate. The quantity 

of nutrients taken up by a crop is not necessarily an indication of 

responsiveness to fertilizers but the potato, because its root 

system is relatively poorly developed in relation to yield, is 

extremely responsive to all nutrients. In the present study, the 

tubers removed –on average of all treatments-much potassium, 

1.03-1.37 times as much as nitrogen and 4.69-5.92 times as 

much as phosphorus at Nubaria with calcareous soils where the 

removals of N, P and K averaged 23.6-53.6, 5.5-11.7 and 32.3-

55.0 kg/fed respectively. At Gemmeiza with alluvial soils, the 

tubers removed 1.09-1.13 times as much K as N and 5.5 times 

the amount of phosphorus since the removals of N, P and K 

averaged 27.6-38.4, 5.7-7.7 and 31.1-41.9 kg/fed respectively. 

These results revealed that K removed by potato tubers was 

slightly higher than N and more than five folds of P. Moreover, 

potato tubers removed more nutrients from calcareous soils at 

Nubaria than those removed from alluvial soils at Gemmeiza 

may be due the relatively well developed root system in 

calcareous soils. 

 

4.4.1.10. Effect of K rates on nutrient removal in tubers: 

 Data obtained in Table (20) also illustrated that K 

removal by tubers at Nubaria was increased by increasing K 

fertilizer rate while removals of both N and P were inconsistent 
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 but the highest K rate (72 kg K2O/fed) recorded the highest N 

and P removals in the two seasons. It is worth noting that the 

nutrients removed by tubers in the first season was greatly lower 

than in the second one and this is attributed to the obtained lower 

yield in this season. 

 At Gemmeiza, N removal was generally reduced by 

increasing K fertilizer rate, whereas, P removal was increased by 

increasing K fertilizer rate up to 48 kg K2O/fed then declined by 

further rate. Meanwhile K removal tended to increase by 

increasing K fertilizer rate as shown in Table (20). 

 The obtained results with K removal were in agreement 

with those obtained by Loue (1979), Froster and Beringer 

(1983), Sharma et al. (1984) and Buchte (1984) found that 

tuber K content was influenced positively with foliar application 

of K. The translocation of K from the leaves into tubers was 

maintained up to the complete death of the haulms. 

 The obtained data in Table (20) also showed that foliar 

application of 1% SOP combined with soil applied 12 or 24 kg 

K2O/fed at Nubaria reduced N removal by tubers as compared 

with the control while foliar K applied with 36 kg K2O/fed 

recorded significant increases during the growing seasons. On 

the other hand, foliar K application with 24 or 36 kg K2O/fed at 

the same location induced significant increases in P removal, 

whereas K removal by tubers was increased by increasing soil 

applied K rate from 12 to 24 and 36 kg K2O/fed combined with 

foliar applied K. Generally speaking, soil application of 36 kg 

K2O/fed along with foliar applied1 % SOP recorded the highest  
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removals of N, P and K in tubers relative to any other treatment 

at Nubaria during the two growing seasons. 

 At Gemmeiza N and P removed by tubers tended to 

decrease in most cases by foliar K application along with the 

half-reduced K rate. As regard of K removal, although it was 

significantly higher than the check treatment, it tended to be 

reduced by increasing the K rate from 12 to 24 and 36 kg 

K2O/fed along with the foliar applied K. 

 

4.4.2.10. Effect of K forms on nutrient removal in tubers: 

 The mean effects of K form on nutrient removals by 

potato tubers in Table (21) revealed significant increases in N, P 

and K removals due to soil applied SOP over the control at 

Nubaria, while MOP induced insignificant effects. These results 

showed that potato plants treated with soil applied SOP removed 

more N, P and K than those treated with MOP. Coincidence 

results were also obtained at Gemmeiza where N, P and K 

removals in tubers of plants treated with SOP surpassed those 

treated with MOP, although the two K forms augmented these 

nutrient removals significantly over the control except N 

removal in the first season. 

    The accompanying anion of potassium fertilizers can 

interfere with the availability and efficiency of those nutrients 

fixed at high pH such as P and micronutrients. Plants fed with 

SOP have, as demonstrated by Roemheld (1983) in a laboratory 

experiment, a substantially lower pH at the root surface than in 

the surrounding soil. The marked decrease in rhizospheric pH 

with SOP is caused by difference in cation/anion uptake. K 
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 supplied as sulphate is absorbed more rapidly than anion 

sulphate which results in surplus of protons extruded by roots in 

exchange for K
+
. Lowering the rhizospheric pH with SOP can 

improve the availability and thus, the efficiency of P and 

micronutrients in particular, when fixed at high pH. Meanwhile, 

the rhizospheric pH remains fairly unchanged when MOP is the 

form of K because both elements, the cation K
+
 and the anion Cl

-
 

are absorbed in equivalent quantities (Krauss, 1993). The IPI 

(1981) also mentioned that sulphate has the advantage on low P 

soils since it improves P availability, and when the P supply is 

high, Cl reduces P uptake. Wang et al.(1989) found that P 

uptake was stimulated by small amounts and suppressed by 

higher amount of Cl. On the other hand, the antagonism between 

NO3 and Cl was demonstrated in potato by James et al. (1970). 

The competition of Cl vs. NO3 was found to be stronger in salt-

sensitive plants than in salt-tolerant plants (Leidi et al., 1992). 

This takes advantage of the Cl-NO3 antagonism to minimize the 

adverse effects of too high a level of N in the soil. The IPI 

(2001) mentioned that when grown in nutrient solutions 

containing equivalent amounts of K, plants generally take up 

more K when MOP rather than SOP is the K form. Jackson and 

McBride (1986) found that petiole K in potatoes given MOP 

was larger than when SOP was applied. 

 Foliar application of 1% SOP on plants received the half-

reduced K rate as SOP or MOP showed inconsistent results for 

nutrient removal in potato tubers (Table, 21). At Nubaria, while 

K removal in tubers was higher with spraying SOP combined 

with soil applied MOP in the first season, the opposite was the  
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case in the second season. Meanwhile, P removal was not 

affected by K form and N removal was somewhat reduced by 

MOP. Contradictory results were also obtained at Gemmeiza, 

where spraying 1% SOP along with soil applied MOP gave less 

nutrient removals in tubers than along with soil applied SOP, in 

the first season, but the opposite was observed in the second 

season as shown in Table (21). 

 The obtained results in Table (22) showed the interaction 

effects between K rates and forms on nutrient removals in potato 

tubers were significant at both locations during the two growing 

seasons. However, the results were vacillating in the two 

seasons, since at Nubaria, soil application of 72 kg K2O/fed as 

SOP recorded the highest nutrient removals in the first season 

while foliar application of 1% SOP with 36 kg K2O/fed soil 

applied as SOP too gave the highest removals in the second 

season. Meanwhile, the lowest nutrient removals in potato tubers 

at Nubaria were recorded by spraying 1% SOP along with 12 kg 

K2O/fed as soil applied SOP. 

 At Gemmeiza location, although there were also 

significant interaction effects between K rates and forms on 

nutrient removals in potato tubers, no specific trend could be 

obtained because the results were greatly vacillating in the two 

growing seasons (Table,22). 
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Nutrient concentration in potato leaves: 

4.4.1.1.1. Effect of K rates on nutrient concentration in 

potato leaves: 

         Chemical analysis of the 3
rd

 , 4
th

 and 5
th

 leaves from apex 

showed that K application at the higher rates (48 and 72 kg 

K2O/fed) induced significant increases in leaf K content relative 

to control during the two growing seasons at Nubaria, while P 

content in potato leaves was not significantly affected by K rates, 

except the highest K rate (72 kg K2O/fed) in the first season 

which gave significant increase (Table, 23). Leaf N content, 

however, showed sporadic response to K rates. 

 At Gemmeiza, the results of the first season revealed 

significant increases in only leaf K content compared to the 

control due to K fertilization with superiority for the medium K 

rate (48 kg K2O/fed), while N and P contents were not 

significantly affected by K fertilizer rates. However, in the 

second season, all the three nutrients (N, P and K) were 

significantly increased by K application with no specific trend 

among K rates. In this regard, Sud and Grewal (1992) 

reported that higher K rates (100 kg K2O/ha) resulted in higher 

leaf K contents. Lasztity (1990) showed that K application did 

not influence the N and P content of potato plants. Sharma and 

Arora (1989) found that K rate did not affect haulm and tuber P 

concentration, but haulm N concentration tended to decrease 

with increasing K rate. The same authors in (1988-a) and 

Tarafdar et al. (1988) illustrated that increasing K levels 

increased K content in potato leaves.) Somorowska (1987 

pointed out that K application reduced total N and P contents and 
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increased K content. El-Kabbany (1999) also stated that 

increasing K level led to increases in P and K contents of potato 

leaves. 

 Spraying 1% SOP on potato plants received 50% of soil 

applied K rates showed favorable effects on leaf K contents at 

Nubaria and Gemmeiza in the two growing seasons, since 

spraying 1% SOP with soil application of 12 or 24 kg K2O/fed 

recorded significant increases over the control, with no or slight 

changes compared with the full K rates as soil application. On 

the other hand, P leaf content was not significantly affected by 

foliar K application along with soil applied half-reduced K rates 

at Nubaria, but it was significantly increased by spraying 1% 

SOP with 36 kg K2O/fed in the first season and with 12, 24 or 36 

kg K2O/fed in the second season at Gemmeiza. Leaf N content 

was significantly increased by foliar K application only in the 

second season at Gemmeiza as shown in Table (23). The positive 

effect of potassium foliar application on nutrient content may be 

due to the fact that fertilizer salts can be taken up rapidly and 

metabolized by leaves (Garica and Hanway, 1976) or that foliar 

application promotes root absorption (Alston, 1979). In this 

connection, Taha and Hala (1991) found that N, P and K uptake 

by potato plants responded significantly to potassium foliar 

application. Also, Ashour and Sarhan(1998) revealed that 

potassium foliar application led to significant increase in N, P 

and K contents of potato leaves in one out of two seasons, except 

in case of K content. The effect of potassium foliar application 

depends on the anions applied with K cation (Taha and Hala 

1991). 
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4.4.2.11. Effect of K forms on nutrient concentration in 

potato leaves: 

 The presented data in Table (24) indicated that leaf N 

content was significantly increased by both K forms as compared 

with control during the second season only at both Nubaria and 

Gemmeiza with no significant differences between the two K 

forms. Leaf P content was not significantly affected by the two K 

forms except in the second season at Gemmeiza, where leaf P 

content was significantly augmented by the two K forms with no 

significant difference between them. So far as concerns leaf K 

content, only SOP application recorded significant increases over 

the check treatment during the two seasons at Nubaria, but this 

was true for the two K forms at Gemmeiza with slight advantage 

in favour of SOP. It could be concluded that potash from had no 

significant effect on leaf contents of N, P and K, since slight or 

no difference between the two K forms was detected. 

 Spraying potato plants with 1% SOP along with the half-

reduced K rate soil applied as either SOP or MOP showed no or 

slight changes between the two K forms as shown in Table (24). 

 In this regard, Beringer et al. (1991) noticed that the 

solute composition of leaves of the MOP treated plants was 

significantly lower in K and NO3, while application of SOP 

resulted in a significantly higher concentration of K in leaf cell 

sap. However, Milcheva et al.(1988) concluded that K 

fertilization as MOP or SOP had similar effects on the chemical 

composition of potato plant. 

 The interaction effects between K rates and forms on leaf 

contents of N, P and K were significant during the two seasons at 
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both Nubaria and Gemmeiza except leaf P content in the second 

season at Nubaria where no significant interaction effect was 

detected as shown in Table (25). 
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4.5.Soil analysis after harvest: 

 Soil surface samples were taken from each plot after 

harvesting the potato crop at Nubaria and Gemmeiza in the two 

growing seasons. The collected soil samples were subjected to 

chemical analysis to follow up the soil contents of soluble 

chloride (Cl) and available potassium as well as the electric 

conductivity (EC) of the soil extract under different K rates and 

forms. 

Available K: 

4.5.1.12. Effect of K rates on available K: 

 The extractable NH4OAc-K was increased by increasing 

K fertilizer rate at Nubaria during the two growing seasons and 

the highest K rate recorded significant increment in comparison 

with control (Table, 26). The available K content increased from 

248 ppm at 24 kg K2O/fed to 265 and 281ppm at 48 and 72 kg 

K2O/fed respectively in the first season and from 226 ppm at 24 

kg K2O/fed to 243 and 248 ppm at 48 and 72 kg K2O/fed in the 

second season. These results indicate soil-K building up by 

potash fertilization at Nubaria with calcareous soils although it 

still fell in the medium range. 

 At Gemmeiza, the soil available K content was not 

affected by different applied K rates in the first season, however 

it was significantly increased by increasing K fertilizer rate in the 

second season, since it increased from 379 ppm at 24 kg K2O/fed 

to 403 and 433 ppm at 48 and 72 kg K2O/fed as shown in Table 

(26). 
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 Reducing K fertilizer to the half-rate in combination with foliar 

application of 1% SOP tended to decrease the available soil K by 

increasing the half-reduced rates from 12 to 36 kg K2O/fed at 

Nubaria, however the obtained K values were close to those 

obtained by full-K rates. At Gemmeiza, the available K content 

was not affected by foliar K application under the soil applied 

half-reduced K rate in the first season, but it showed significant 

increments over the control in the second season with slightly 

less values than those obtained with full-K rates. 

 It could be concluded that potash application improved 

the soil available K content and soil-K building up was enhanced 

by increasing K rate at Nubaria and Gemmeiza. On the other 

hand, K fertilization at the half-reduced rate with a 

supplementary dose of foliar applied 1% SOP also improved the 

soil content of the available K. 

 

Soil salinity (in terms of EC) and soluble Cl: 

4.5.1.12. Effect of K rates on soil salinity (in terms of EC) and 

soluble Cl: 

 At Nubaria, with calcareous soils, the electric 

conductivity EC of the soil extract and soluble soil Cl content 

were not affected by the different K treatments in the first 

season, but they were decreased to different extents in the second 

season may be due to a high quantity of irrigation water applied 

at this season which led to leaching process when irrigation 

water percolates vertically down the soil profile. These results 

showed that there was no salinity build up and no accumulative 

Cl due to potash fertilization in calcareous soils. 
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 At Gemmeiza, with alluvial soils, different potash treatment 

reduced soil salinity and soluble Cl in comparison with the 

control in the first season, while inconsistent results for EC and 

Cl were obtained in the second season as shown in Table (26). It 

is worth noting that the values of both the EC and soluble Cl 

content are still low and did not reach the critical limits. 

 

4.5.2.12. Effect of K forms on available K: 

 Potash fertilization as SOP enhanced soil-K build up in 

comparison with MOP at Nubaria. The available soil-K value 

were 276 and 241 ppm in the first and second seasons 

respectively by using SOP, but it declined to 253 and 237 ppm 

by MOP as shown in Table (27). However, at Gemmeiza, the 

soil available K content was not affected by K form in the first 

season and slightly increased by MOP in comparison with SOP 

in the second season. 

 The available K content was not also affect by K form at 

the half-reduced rate combined with foliar 1% SOP at Nubaria 

and Gemmeiza except the second season at Gemmeiza where 

foliar 1% SOP with soil applied MOP recorded significant 

decrease in soil K content compared with SOP. 

 In conclusion, potash fertilization in the form of SOP 

showed better soil-K build up in most case in comparison with 

the MOP form. 
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4.5.2.12.Effect of K forms on  soil salinity and soluble Cl: 

At Nubaria, potash fertilization as MOP caused 

remarkable increases in the EC and soluble Cl in the soil 

compared with SOP during the two growing seasons. The EC 

value increased from1.16 dSm
-1

 with SOP to 1.47 dSm
-1

 with 

MOP in the first season and from 0.90 dSm
-1

 with SOP to 1.21 

dSm
-1

 with MOP in the second season. Also, soluble Cl content 

increased from 3.80 me/L with SOP to 4.50 me/L with MOP in  

the first season and from 1.01 me/L with SOP to 1.20 

me/L with MOP in the second season. Meanwhile, both the EC 

and soluble Cl content showed slight changes between the two K 

forms applied at the half-reduced rate with foliar K application 

as shown in Table (27). 

 At Gemmeiza, MOP application induced significant 

increases in the EC and soluble Cl soil content in comparison 

with SOP during the two growing seasons. The EC value 

increased from 0.68 to 0.81 dSm
-1

 in the first season and from 

0.845 to 1.147 dSm
-1

 in the second season when MOP was 

substituted for SOP, while soluble Cl content increased from 

1.06 to 1.60 me/L in the first season and from 1.14 to 2.25 me/L 

in the second season when MOP was substituted for SOP (Table, 

27). 

 Foliar application of 1% SOP along with soil applied 

MOP also recorded significant increases in the EC value and 

soluble Cl content compared with soil applied SOP. 

 In conclusion, potash fertilization in the form of MOP at 

full-K rates or at the half-reduced K rates caused remarkable 

increases in soil salinity (in terms of the EC) and soil soluble Cl  
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in comparison with SOP at Gemmeiza. This was also true, but to 

a less extent, at Nubaria, so Cl-free potash fertilizers, e.g. SOP, 

are exclusive at these locations not to exacerbate the salinity 

problems. 

 Interaction effects between K rates and forms on soil 

contents of the available K and soluble Cl as well as the EC 

value were significant at both locations and during the two 

growing seasons, except the soil available K in the first season at 

Gemmeiza was not significantly affected by this interaction as 

show in Table (28). Application of potash fertilizer as SOP at the 

highest rate (72 kg K2O/fed) recorded the highest soil available 

K content at the two locations during the two growing seasons. 

The available K contents were 293.8 and 247.5ppm at Nubaria 

and 418.8 and 446.7 ppm at Gemmeiza during the first and the 

second seasons respectively. On the other hand, MOP 

application at the rate of 48-72 kg K2O/fed recorded higher 

values for the EC of soil extract and soluble Cl content. 
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