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Abstract 
 

A field experiment was carried out at the Experimental Research Station (A’al Bandar) at the College of Agriculture, University of Al-

Muthanna during Autumn season from 12 September 2018. The study aimed to determine the optimum level of potassium (K) on potato 

growth and yield (Solanum tuberosum L.). The field experiment included five potassium levels (0, 130, 260, 390 and 520) kg K/ha, which 

were symbolized as 0K, 1K, 2K, 3K and 4K respectively. The laboratory experiment was conducted at the soil labs of the college of 

Agriculture to determine the optimum extraction method of K. It included dissolved potassium in soil, soil: water (1: 1), ammonium acetate 

1M, calcium chloride 0.5M, barium chloride 0.25M, sodium chloride 0.1M, sulfuric acid 0.01M and sulfuric acid 0.02 M. The results 

showed that the potassium levels significantly affected most growth and production characteristics of potatoes such as number of leaves. 

plant-1, number of tillers, plant-1, average number of marketable tubers. plant-1, and total number of tubers-1, total yield (ton.h-1), marketable 

yield (ton.h-1) and average weight of marketable tuber (gm), Significant correlation was obtained from available potassium extracted from 

soil with extracts of sodium chloride, sulfuric acid 0.02M, ammonium acetate, sulfuric acid 0.01M, calcium chloride and added potassium 

levels, and there was no significant difference between the addition levels and extraction methods of barium chloride and soil extract: water 

(1: 1) in the amount of potassium. 
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Introduction 

Potato (Solanum tuberosum L) is considered as one of 

the most important crops all over the world due to its high 

nutrition value as a resource for carbohydrates and because 

of its storage capability, ease of use and various utilizations 

(Grzebisz et al., 2017). Potato is one of the most important 

vegetable crops and is affiliated to the Salanaceae family, and 

it is ranked as the fifth important world’s crops following 

wheat, barley, rice and maize (Taha, 2007). It is also 

considered as one of the high productive crops and needs K 

in high rates, particularly during the critical growth period. It 

contains high rates of protein, starch, nutrient elements and 

vitamins (Al-Bahash, 2006). Due to high demand for potato 

and to achieve high yield production, suitable levels of soil 

nutrients, including K, need to be ensured as the plant needs 

K during its growth stages, hence, soil should be able to 

supply high levels of this nutrient element (Al-Battawi, 

2007). 

Potassium (K) is considered as one of the most essential 

macro nutrient elements which occupies top rankings in 

terms of its importance for many crops, especially for the 

tubercle and radical crops (Dhillon et al., 2019). It is a 

dynamic element inside the plant, and plants uptake it as an 

ion K+. Potassium is existent in the soil in various amounts 

that are ranged between 5000 and 50000 ppm. This variation 

is attributed to the differentiation of original matter, 

weathering degree, climatic and other factors. Many studies 

that have been conducted about K have shown that the Iraqi 

soils are characterized by a relatively large amount of stored 

K as that in the dry and semi-dryland regions. However, 

speed of its release is relatively low and is insufficient for (or 

does not deliver) the requirements for many crops (Ali et al., 

2014). But there are many various methods to extract the 

available K in the soil by chemical extractors which are 

considered as one of the most common methodology of its 

estimate. These methods, however, give too different results 

for the same soil. 

Most important issue of the intensive cultivation is the 

imbalanced nutrients, especially of the macro nutrient 

elements such as K, which requires to study the behavior of 

that nutrient (particularly its threshold) in the soil in order to 

increase the productivity and to determine the optimum 

method to estimate the available K. Therefore, this study 

aimed to find out the best method to estimate K which 

reflects the plant growth indications with K concentration in 

the soil and to study the effect of best K level on the potato 

growth and production. 

Material and Methods 

Two experiments (one field and one lab) were 

performed at the Research Station and Labs of the College of 

Agriculture, University of Al-Muthanna. The field trial was 

conducted during the autumn season 12/09/2018 to determine 

the effect of the optimum K level and its threshold on the 

potato growth and production. Table (1) shows the chemical 

and physical characteristics of the soil. The K fertilizer was 

applied to the soil as K sulfate (41% K) with four levels as 

well as the control treatment (0, 130, 260, 390 and 520) kg 

K/ha. The fertilizer levels were splitted into 5 applications 

and were added at different stages. The first application was 

10% of the total fertilizer level was added about 2 weeks 

after sowing. The other 4 applications were 15, 20, 25 and 

30% of the total K fertilizer level and were added at about 4, 

6, 8 and 10 weeks after sowing respectively. The nitrogen 

(N) fertilizer was applied as urea (46% N) once only for all 

plots with 240 kg N/ha. The phosphorus (P) fertilizer was 

applied as di-ammonium phosphate (18% N and 20% P) with 

amount of 120 kg P/ha as P resource for all plots. The P 

fertilizer was squashed and dissolved in combination with N 

fertilizer and the combined fertilizer was applied at the same 

time with K fertilization. 

The lab experiment included soil samples that have 

been taken from the field trial plots after the harvest from up 

to 30 cm soil depth using Auger. The soil was dried, 

squashed and sieved with 2 mm diameter sieve. The 

dissolved K was estimated using 1:1 soil:water extraction 
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(Richards 1954), whereas the available K was estimated 

using various methods such as ammonium acetates (1M 

NH4OAC) according to Page et al. (1982), potassium 

chloride (0.5M H2O2CaCl2) according to Sparks and Martin 

(1983), Barium Chloride (0.25M BaCl2), Sodium Chloride 

(0.1M NaCl), light Sulfuric acid (0.1M H2SO4) and light 

Sulfuric acid (0.2M H2SO4). 

Table 1 : Physical and chemical properties of the soil before 

planting. 

Properties Values Units 

PH 7.6 

EC 1:1 6.1 dS.m-1 

OM 1.2 g.kg-1 

Lime 9.5 % 

Available nitrogen 31.5 

Available phosphorus 8.0 

Available potassium 136 

Mg.kg-1soil 

Soil separations  

Sand 722 

Silty 112 

Clay 166 

g.kg-1soil 

Texture Sandy Loam  

 

Plant height was measured from the first node, where its 

connection to the soil, to the stem terminal of the plant, the 

number of tillers and the number of leaves were also counted 

for 5 randomly selected plants. After their maturity, the 

potato tubers were cleaned from the soil and were weighed 

the tubers yield for each plot. The marketable tubers yield 

(weighed 25 g and over) was separated from the non-

marketable yield (weighed 25 g and below), which is tainted 

and/or distorted (Rebertson and Pascal, 1977). Five plants 

from each plot have been harvested to estimate the yield per 

plot, the yield per plant and the average yield per hectare, and 

the final yield was estimated as tons per hectare excluding 

the tubers weighed 25 g each and below. 

Results and Discussion 

Effect of potassium fertilizer levels on the number of 

leaves, tillers and plant height 

As shown in Table (2), the results indicated that K 

levels have significantly affected the number of plant leaves 

where treatment of 3K produced the largest number of leaves 

about 46.78 leaves/plant followed by 2K about 32.90 

leaves/plant. The other treatments of 0K, 1K and 4K did not 

differ significantly from each other. 

From Table (2), there are significant differences in the 

number of tillers, where treatment of 3K had a significantly 

greater number of tillers (about 5.18 tillers/plant) than 1K 

and 2K, which had 4.10 and 3.40 tillers/plant respectively, 

but it did not differ significantly from 0K and 4K. This may 

be attributed to the direct effect of potassium on the major 

nutrients, especially nitrogen and phosphorus, which then 

positively reflected on vegetative growth represented by the 

number of leaves and the number of tillers of the potato 

plants Kumar et al (2007). 

The levels of potassium fertilizer did not affect this 

characteristic statistically, and this is consistent with Al-

Jumaili and Al-Jumaili (2012) and Kumar et al (2007). The 

treatment 0K had the highest rate about 36.3 cm, whereas the 

treatment 1K had the shortest plants about 32.1 cm. 

Table 2 : Effect of potassium fertilizer levels on the number 

of leaves, tillers and plant height 

Treatment Number of  

leaves. Plant -1 

Number of  

tillers Plant-1 

Plant  

length (cm) 

K0 39.35 4.408 36.3 

K1 39.05 4.100 32.1 

K2 32.90 3.400 35.0 

K3 46.78 5.175 35.9 

K4 40.89 4.138 32.9 

L.S.D.0.05 8.17 1.046 n.s. 

 

Effect of potassium fertilizer levels on the invalid yield, 

suitable for marketing, and the total yield 

The results of the statistical analysis in Table (3) 

showed that there were significant differences in the total 

yield, where the treatment 3K was significantly superior than 

all other treatments, about 33.55 t/ha. In contrast, there were 

no significant differences between the levels 0K, 1K, 2K and 

4K, which reached (20.18, 26.87, 26.26 and 26.74) t/ha 

respectively. It was stated that the addition of potassium 

might lead to encouraging the growth of tubers through 

increasing the efficiency of the leaves in terms of 

photosynthesis process, the increase of the transfer of the 

produced materials to the tubers and to the role that 

potassium plays in the movement of Carbohydrates from 

their formation sites to their storage sites (Havlin et al., 

2005). The tubers that come from the contribution of 

potassium may return to the fact that the nitrogen prepared 

for the plants may be consumed well in the field of 

increasing vegetative growth and production when the 

amount of potassium added is appropriate (Mengel and 

Kirkby, 1982). 

On the other hand, the K fertilizer levels, as shown in 

Table (3), did not significantly affect the quantity of non-

marketable yield, where treatment 3K was superior by giving 

the highest amount of non-marketable yield up to 2.3 t/ha, 

whereas treatment of 1K had the lowest amount of non-

marketable yield about 1.1 t/ha. 

The results also showed that there were significant 

differences in the quantity of the marketable yield, where 

treatment of 3K was significantly superior compared with the 

control treatment about 31.256 t/ha. In contrast, the control 

treatment produced only about 18.739 t/ha. There were no 

significant differences between treatments 3K, 1K, 2K, and 

4K. The dryland areas suffer from shortage or limitation of N 

nutrient since K might has contributed to the release of the 

ammonium that could be necessary for the crop plants, which 

may be reflected positively on the yield (Standford and 

Pierre, 1947). 

Table 3 : Effect of potassium fertilizer levels on the invalid 

yield, suitable for marketing, and the total yield 

Treatment total yield 

 (tons. h-1) 

non-marketable 

yield (ton. h-1) 

The marketable 

yield (ton. h-1) 

K0 20.18 1.4 18.739 

K1 26.87 1.1 25.789 

K2 26.26 1.6 24.627 

K3 33.55 2.3 31.256 

K4 26.74 1.8 24.915 

L.S.D.0.05 6.95 n.s. 6.301 
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The effect of potassium fertilization levels on the 

average weight of marketable and non-marketable tuber. It is 

noted from the results in Table (4) that the K levels did not 

significantly affect the average weight of the non- marketable 

tuber, where treatment 4K gave the highest rate about 10.7 g, 

whereas treatment 1K gave the lowest rate 7.7 g. 

The results also showed that there were significant 

differences in the average weight of the marketable tuber. 

The treatment of 2K reached up to approximately 99.37 g 

and was significantly superior to 0K, 1K and 3K which had 

72.45, 81.28 and 80.59 g, respectively. There were 

significant differences between treatment 2K and 4K may be 

due to the role of potassium in the various vital activities in 

the plant through increasing the amount of materials resulting 

from the photosynthesis process in addition to increasing the 

efficiency of the process of transferring and storing the 

materials produced to the places stored in the tubers (Al-

Alousi, 2013). 

Table 4 : The effect of potassium fertilization levels on the 

average weight of marketable and non-marketable tuber 

Treatment 

average weight of 

the non- marketable 

tuber(g) 

average weight of the 
marketable tuber(g) 

K0 8.9 72.45 

K1 7.7 81.28 

K2 9.8 99.37 

K3 8.6 80.59 

K4 10.7 86.09 

L.S.D.0.05 n.s. 15.04 

 

 

Lab Experiment 

Potassium Extraction Methods 

The results of the statistical analysis through Table (5) 

showed that there is a significant increase in the values of 

available potassium extracted from the soil with chemical 

extracts which are sodium chloride and sulfuric acid (0.02 

M), ammonium acetate and sulfuric acid (0.01M) and 

calcium chloride with increased levels of added potassium 

fertilizer While extracts that did not give significant 

differences by increasing the levels of potassium are barium 

chloride and 1:1 extract, this is consistent with Asaad and 

Abd al-Rasoul (2017) and Abd al-Rasul (2007) except for 

treatment 4K. It appears that the superiority of barium 

chloride extract over all extracts by giving the highest 

amount available Potassium followed by sodium chloride, 

sulfuric acid extract (0.02M), ammonium acetate, sulfuric 

acid (0.01m) and calcium chloride. The 1:1 extract is ranked 

as last in terms of extractive capacity.  

Perhaps the reason for the difference in the ability of the 

chemical extracts used to extract available potassium from 

the soil is that each chemical possesses properties that 

distinguish it from another chemical, as the substitution of 

positive potassium ions occurs with the positive ions of the 

used chemicals (Ba+2, Na+1 and H+1, NH4+1 and Ca+2) as Ali 

et al. (2014) mentioned, the adsorption or release of the 

positive ion depends on the positive ion charge, which is 

directly proportional to the adsorption strength except for the 

hydrogen ion due to its very small size and high charge 

density, as well as the size of the coating Water, in other 

words, the largest ion in diameter has an aqueous shell 

Smaller and thus increases its adsorption strength in the 

colloidal body. 

 

Table 5 : Potassium extraction methods 
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K0 3.1 1.0211 0.7347 0.5863 0.5838 0.3414 0.06 

K1 3.3 1.1714 0.8465 0.7270 0.7129 0.3689 0.08 

K2 3.5 1.3728 0.9904 0.8593 0.8632 0.4220 0.11 

K3 4.1 1.8018 1.3983 1.2129 1.2078 0.5153 0.19 

K4 3.7 1.5077 1.2244 1.0205 1.0467 0.4648 0.16 

L.S.D0.05 N.S. 0.4834 0.4377 0.3987 0.3933 0.1133 n. s 

 

Methods of analysis of potassium and the amount of 

potassium absorbed by the plant 

The results of the statistical analysis showed in Table 

(6) that the best method that responded with the amount of 

potassium absorbed by the plant is a 1: 1 method that did not 

give significant differences between them as it averaged 195 

kg K. H-1, while the method NH4OAC and H2SO4 excelled 

0.02M and H2SO4 0.01 

In addition, NaCl2, BaCl2 and CaCl2 were significant 

with the amount of potassium absorbed by the plant as it 

reached (1407, 1658, 1415, 2183, 5599 and 671) kg. K e-1 

Consecutively, perhaps the reason is that the irrigation water 

dissolves the soluble potassium and reaches the soil solution 

and is absorbed by the plant while the methods Other 

chemicals prepare photos that are not ready for absorption by 

the plant. 
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Table 6 : Methods of analysis of potassium and the amount of potassium absorbed by the plant 
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K0 86 917 90 1149 913 1597 4809 534 

K1 101 1137 122 1324 1115 1832 5213 577 

K2 123 1344 174 1549 1350 2147 5471 660 

K3 152 1897 304 2187 1889 2818 6402 806 

K4 104 1741 287 2079 1809 2523 6099 777 

the average 113 1407 195 1658 1415 2183 5599 671 

L.S.D 0.05 294.2 
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