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ABSTRACT 
Two field experiments were carried out at El-Gemmeiza Agricultural Research Station, El-Gharbia 

Governorate, Egypt during 2019 and 2020 seasons, to evaluate the effect of foliar feeding with three sources of 

potassium [1- mineral source (potassium sulphate), 2- organic source (potassium humate) and 3- natural source 

(potassium ore)] at two levels from each source (0.5 and 1g/L), (2 and 4 g/L) and (4 and 8 g/L) in respective order. 

The effect of combination between the three sources at the two levels, in addition to the control treatment were 

also evaluated on growth, some physiological aspects and productivity of Egyptian cotton cultivar Giza 86. The 

obtained results indicated that foliar feeding with the combination of the three sources examined at the low level 

or at the high level resulted in significant increase in leaves N, P, K, Mg and photosynthetic pigments contents, 

growth parameters, earliness measurements (except boll shedding percentage which was decreased) and seed 

cotton yield feddan-1, boll weight and open bolls number plant-1 in 2019 and 2020 seasons as well as seed index, 

lint%, fiber length, micronaire reading and fiber strength in 2020 season as compared with the control. It was 

recommended to spraying combination of the three examined K sources (potassium sulphate, potassium humate 

and potassium ore) at the low level (0.5, 2 and 4 g/L) in respective order three times as alternative to soil K 

fertilization to reduce cost, overcome K fixation and obtain high cotton productivity under conditions similar to 

that of El-Gemmeiza region. 
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INTRODUCTION 
 

Potassium (K+) is an element taken up by plants in 

greatest amounts after nitrogen and is important for growth of 

all plants as a macronutrient. Its uptake pattern by cotton 

plants shows that foliar feeding with potassium met the cotton 

requirements and it must be early supply in the growth period 

in adequate amount, where potassium fertilizer when added 

to the soil major part of it becomes unavailable to the plant. 

The fulfil high potassium needs of cotton plants, its 

application as foliar spraying becomes necessary, where soil 

potassium availability for plants face some challenges 

including; low soil K availability, the soil surface dryness, 

alkalinity of soil, low root activity, as well as water scarcity in 

arid and semi-arid locations (Comerford, 2005). Also, 

potassium can be lost through leaching from coarse-textured 

soils under heavy irrigation. The loss of K through leaching 

and erosion is a waste of resources. Foliar application of K 

corrects mid-season deficiency quickly and efficiently. It is 

one of the high economic efficiency methods (Alshaal and El-

Ramady, 2017). In addition, the advantages of using foliar 

feeding with K were; 1- A quick plant response and 

deficiency correct, where foliar-applied K moved into the leaf 

and to the boll within 20 hours and efficiently as reported by 

Kafkafi (1990), especially late in the season when soil 

application of K may not be effective. 2- Low cost, where the 

use of small amounts of fertilizer is appropriate compared to 

soil fertilization. 3-Compensation for the lack of soil fixation 

of K and independence of root uptake problems. In foliar 

application, K is easily absorbed through leaves (Hussain et 

al., 2015). 4- It highly utilized especially under drought, 

salinity, and high temperatures (Shareef, 2016). On the other 

hand, only a limited amount of K can be applied in the case of 

severe deficiency and the cost of multiple applications can be 

more than in ordinary soil-applied K fertilizers (Snyder et al., 

1991). When using high concentrations of K include the 

possibility of foliar burn, compatibility problems with certain 

pesticides, and low solubility of certain K salts, especially in 

cold water.  

 In photosynthesis, K+ has a special role in synthesis 

of carbohydrate and translocation of photosynthates for plant 

growth or storage in fruits or roots, as it maintains the balance 

of electrical charges at the site of ATP production and 

regulates the balance between assimilation and respiration in 

a way that increases net assimilation (Imas and John, 2013). 

K+ plays a vital role in many physiological and biochemical 

processes such as water transport in whole plant, division and 

elongation of cell, carbohydrates and protein compounds 

metabolism (Marschner, 1995 and Valadabadi and Farahani, 

2010).  

 Main reasons for K deficiency; 1-Many factors affect 

K+ fixation in clay minerals and soils, such as the clay 

minerals type and quantity, the clays charge density and 

capacity, soil moisture content, K+ and other competing 

cations concentrations and pH of the soil solution (Rich, 1968 

and Sparks and Huang, 1985). 2- One of the main reasons for 

K deficiency is biomass removal from the soil in the form of 

crop products at harvesting (Smil, 1999), and in recent years 

it is not adequately replaced and K fertilizers use has declined 

leading to deficient soils (Dobermann, 2007), where K 

fertilizers are applied only to replenish 35% of the K removed. 
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Additionally, Manning (2015) reported that K mining from 

soil far exceeds the counter balancing inputs, typically less 

than 10% of K removal.  

Using appropriate K source and foliar application as 

proper method can improved the nutrition of K (Etesami et 

al., 2017); Using some potassium sources i.e., KCL, when 

applied as soil fertilizer, it releases an equal amount of K and 

Cl-1 in soil solution. The K is relatively immobile, whereas Cl 

ion is mobile and removed easily through leaching or 

excessive accumulation in leaves causing toxicity (Roemheld 

and Kirkby, 2010). Modern varieties of cotton reduced the 

length of the flowering period from 5 to 7 weeks in the older 

indeterminant cultivars to 3 to 5 weeks, thus they produce a 

larger crop during a shorter period. If the crop is stressed for 

moisture and the boll load is heavy, low sub-soil K can result 

in late season deficiency. The need for K rises dramatically 

when bolls are set on plants because developing bolls have a 

high K requirement. It is crucial that potassium be available 

when the cotton plant is setting fruit on the first position of the 

first several branches, because 70 to 75 percent of the total 

yield occurs from first position bolls on the first 7 or 8 fruiting 

branches. More potassium (K) required by modern cotton 

cultivars during peak bloom and boll setting period and its 

deficiency adversely affects the yield of seed-cotton 

(Muhammad et al., 2016). Potassium found in soil into four 

pools: soil solution K, exchangeable K, non-exchangeable K 

and structural K (Moody and Bell, 2006) and most of it is not 

available to plants. Late season K deficiency in cotton 

typically coincides with a period of high K demand and 

reduced root establishment as a result of developing bolls. The 

developing bolls serves as major sink for K, and cotton K 

uptake can reach about 3-4 lbs K2O/ac during boll 

development. The widespread K deficiency that has occurred 

across the cotton has been related to: the K use of earlier 

maturing, higher-yielding, fast-fruiting cultivars (Oosterhuis 

et al., 1991), planting of cotton on soils low in available K 

(Kerby and Adams, 1985), and the relative inefficiency of 

cotton in absorbing K from the soil compared to other crop 

species (Cassman et al., 1989). The occurrence of K-

deficiency under heavy clay and sandy soils increased the 

demand of K fertilization for the cotton plants (Marchand and 

Bourrie, 1999).  

This study aimed to evaluate the effects of three 

different K forms and their combination on cotton leaf 

chemical composition, growth, some physiological aspects, 

yield and fiber quality of cotton plants grown under El-

Gemmeiza location. 
 

MATERIALS AND METHODS 
 

The current research was carried out at El-Gemmeiza 

Agricultural research Station, El-Gharbia Governorate, Egypt 

in 2019 and 2020 seasons.  

Three sources of potassium were examined as a foliar 

application compared to the control (fertilized with potassium 

sulphate as soil application at the recommended rate, CRI, 

ARC, Egypt and spraying with tap water at the application 

times of foliar feeding with K sources). In both seasons, two 

levels of each potassium source were used either alone or in 

combination.  

A randomized complete block design with three 

replicates was used, where nine treatments were applied as 

follows: 

T1- Control (fertilized with potassium sulphate as soil 

application at the recommended rate and sprayed with the 

same amount of tap water at the application times of foliar 

feeding with K sources). 

T2- Foliar feeding with mineral K source (potassium sulphate, 

48% K2O)  at the level of 0.5 g/L.  

T3- Foliar feeding with mineral K source (potassium sulphate, 

48% K2O)  at the level of 1 g/L. 

T4- Foliar feeding with organic K source (potassium humate, 

12.5% K2O) at the level of 2 g/L.  

T5- Foliar feeding with organic K source (potassium humate, 

12.5% K2O) at the level of 4 g/L. 

T6- Foliar feeding with natural K source (potassium ore, 6.5% 

K2O) at the level of 4 g/L. 

T7- Foliar feeding with natural K source (potassium ore, 6.5% 

K2O) at the level of 8 g/L. 

T8-Foliar feeding with mineral K source (potassium sulphate, 

48% K2O) at the level of 0.5 g/L + organic K source 

(potassium humate, 12.5% K2O) at the level of 2 g/L + 

natural K source (potassium ore, 6.5% K2O) at the level of 

4 g/L. 

T9-Foliar feeding with mineral K source (potassium sulphate, 

48% K2O) at the level of 1 g/L + Foliar feeding with organic 

K source (potassium humate, 12.5% K2O) at the level of 4 

g/L + Foliar feeding with natural K source (potassium ore, 

6.5% K2O) at the level of 8 g/L. 

 Foliar application was applied three times (at 

squaring stage, flowering start and peak of flowering stage) 

by using hand operated sprayer compressed air at the rate of 

200 liter water/fed. Tween-20 (0.01%) was used as a wetting 

agent and spraying was carried out between 07:00 and 9:00 

am till dripping 

In both seasons, soil samples were taken at random 

from the experimental field area at a depth of 0-30 cm from 

soil surface before sowing, mixed, cleaned and analysed 

according to Chapman and Parker (1981). The data are 

presented in Table 1. 
 

Table 1. The characteristics of the experimental soil sites 

prior to sowing in 2019 and 2020 seasons                         

  Properties 
*Optimal 

value 
2019 

season 
2020 

season 
Mechanical analysis: 

Clay% 
Silt% 
Sand% 

44.2 45.1 
33.0 32.6 
22.8 22.3 

Texture Clayey Clayey 
Chemical analysis: 

 pH (1 soil: 2.5 distilled water) 6.7-7.3 8.1 7.9 
 EC (1 soil: 2.5 distilled water) ds/m2 1.5 0.99 0.64 
 Organic matter  % 2.6-3.0 1.40 1.25 
 Total N   

 
(mg/ 
100g) 

30-60 49.00 43.75 
 Available P  1.2-2.7 1.28 0.96 
 Available K  21-30 31.0 21.0 
 Available Mg  30-180 23 20 
 Available Fe   

 
(ppm) 

10-16 12.4 10.7 
 Available Mn  8-12 3.9 3.1 
  Available Zn  1.5-3.0 1.12 1.20 
 Available Cu  0.8-1.2 1.7 0.9 
* Optimal value according to (Ankerman and Large, 1974) 

Seeds of cotton cultivar Giza 86 (Gossypium 

barbadence L.) were attained from Cotton Research Institute, 

Agricultural Research Center, Egypt and sown on 10/4/2019 

and 14/4/2020 in hills 25 cm apart leaving two vigour’s 

seedlings/hill at thinning time to insure 48,000 plants/fed. 
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The plot size was 14 m2, (3.5 m x 4 m) including 5 

ridges of 70 cm wide and 4 m long. 

The preceding crop was Egyptian clover (Trifolium 

alexandrinum L.) “berseem” in both seasons. 

In both seasons, all plots were fertilized with 

phosphorus and nitrogen as recommended (Cotton Research 

Institute, Agricultural Research Center, Egypt). Phosphorus 

fertilizer was added during soil preparation in the form of 

calcium super phosphate (15.5 % P2O5) at the rate of 22.5 kg 

P2O5 /fed. Nitrogen fertilizer was applied at the rate of 45 kg 

N/fed as urea (46 % N) in two equal splits after thinning and 

15 days later. The control plots were fertilized with potassium 

fertilizer in the form of potassium sulphate (48% K2O) at the 

rate of 24 kg K2O side-dressed in one dose after thinning 

before irrigation. The other cultural practices were carried out 

as recommended for conventional cotton cultivation in the 

local production district (CRI, ARC, Egypt). 

Traits recorded:  
A-Leaves chemical composition: In both seasons, a sample 

of 20 leaves (blade + petiole) was randomly taken from the 

youngest fully matured leaves (fourth upper leaf) from plants 

of each plot after two weeks from the last spraying (115 days 

old) to determine nitrogen, phosphorus, potassium and 

magnesium percentages according to Chapman and Parker 

(1981). Moreover, chlorophyll a, b and a+b (mg/g d.w.) were 

determined according to the method described by Fadeel 

(1962). Leaf carotenoids content (mg/g d. w.) was determined 

using the method described in A.O.A.C. (1995).  

 B-Growth parameters: In both seasons, six guarded plants 

were randomly taken from each plot after 15 days from the 

last spraying. Roots of sample plants were removed at the 

cotyledonary nodes, then the different plant fractions were 

washed and dried to a constant weight in a forced air oven at 

70 °C then, dry weight was calculated in expression of canopy 

dry weight (g/plant).  Leaf area index (LAI): It is the ratio of 

leaf area plant-1 to the total land area occupied by the plant. 

The LAI was measured as proposed by Hunt (1978). At 

harvesting, five guarded hills from each plot were taken at 

random to determine final plant height (cm). The fruiting 

branches arising on the main stem were counted separately in 

the ten tagged plants and the average value was recorded. 

C-Earliness measurements: Number of total flowers/plant 

(Kadapa, 1975), number of total bolls set/plant, boll setting 

percentage denotes that out of total flowers formed, how 

many were eventually set into bolls, boll shedding percentage 

and first picking percentage (Richmond and Radwan, 1962) 

were determined. 

D- Yield and its components: Number of open bolls/plant 

and boll weight (g) were recorded on the above ten random 

plants at harvest. Lint percentage and seed index (g) were 

obtained after ginning seed cotton of each treatment. The seed 

cotton yield was hand-picked two times from each plot, 

weighted in kilograms and calculated as kentars per feddan 

(one kentar = 157.5 kg) 

E-Fiber quality; Samples of lint cotton were taken from the 

above ten representative plants from each plot after ginning 

seed cotton on a laboratory gin stand. 2.5% span length (mm) 

and length uniformity ratio (%), fiber fineness (micronaire 

reading) and fiber strength (Pressley units) were determined 

on digital fibrograph instrument 630, micronaire instrument 

675 and Pressley instrument, respectively, according to 

A.S.T.M. (2012) at the laboratories of the Cotton Technology 

Research Division, Cotton Research Institute, Agricultural 

Research Center, Giza, Egypt.  

Statistical analysis: 
The statistical analysis of the obtained data in the two 

seasons was done and performed according to Steel et al. 

(1997). Whenever, the results were found to be significant, the 

treatments means were compared using LSD at 0.05 level of 

probability according to Waller and Duncan (1969).  
 

RESULTS AND DISCUSSION 
 

A-Leaves chemical composition: 

A-1. N, P, K and Mg concentrations: 

Foliar application of the three sources of potassium at 

the two levels examined either alone or in combination 

produced the highest N, P, K and Mg percentages in cotton 

leaves as compared to the control treatment in both seasons 

(Table 2). Foliar feeding with the combination of the three 

sources at the low level or at the high level resulted in 

significant increase in nitrogen, potassium, phosphorus and 

magnesium percentages in cotton leaves at 115 days old in 

both seasons. N, P, K and Mg percentages in cotton leaves 

due to the combination of the three sources at the high level 

reached to 4.70, 0.50, 2.90 and 0.54%; 4.90, 0.50, 3.59 and 

0.65% for N, P, K and Mg in the first and second seasons, 

respectively. The low levels were detected in the control 

plants since they recorded 3.80, 0.33, 2.30 and 0.38%; 3.99, 

0.28, 2.87 and 0.42% for N, P, K and Mg in 2019 and 2020 

seasons, respectively.  

The positive effect of foliar feeding with potassium on 

leaves N, P, K and Mg percentages may be related to; The 

enhancing effects of K on improving root growth absorption 

of nutrients through nutrient movements (El-Fouly and El-

Sayed, 1997). It was found that K increases guard cells’ turgor 

pressure in the wet leaf resulted in stomata’s opening and 

increased the cuticle permeability for nutrients which 

penetrate by the pores present inside the cuticle and through 

small water channels that are also pathways for absorbing the 

nutrients (Jones and Jeff Jacobsen, 2001). Potassium was 

needed for producing the necessary conditions for the 

metabolites, such as sucrose and amino acids through its role 

of stimulating the plasmalemma ATPase (Barker and 

Pilbeam, 2007).        

In this respect, El-Masri et al. (2005) found that foliar 

feeding with K at the high level (2% K2O) twice significantly 

increased percentages of N and K in cotton leaves in both 

seasons and P percentage in the first season. It gave 

insignificant effect on leave Mg content as compared to the 

control treatment. Abdel-Gayed and Awadalla (2014) found 

that provided cotton plants with 5 kg potassium sulphate/fed 

as foliar spraying twice at start of flowering and the peak of 

flowering stages exerted the highest percentages of NPK in 

cotton leaves.  

A-2. Photosynthetic pigments: 

Table 3 shows that, foliar spraying of the three 

potassium forms at the two levels examined either alone or in 

combination gave the highest concentrations of 

photosynthetic pigments in the leaves of cotton plants 

compared to the control during the two growing seasons. 
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Table 2. Effect of foliar feeding with three sources of potassium at two levels either alone or in combination on N, P, K 

and Mg percentages in cotton leaves in 2019 and 2020 seasons.  

Treatments 
N P K Mg 

% 
2019 season 

T1 - Control (without application). 3.80 0.33 2.30 0.38 
T2 - Mineral source (potassium sulphate), 0.5g/L. 3.90 0.35 2.40 0.40 
T3 - Mineral source (potassium sulphate), 1g/L. 4.00 0.37 2.40 0.41 
T4 - Organic source (potassium humate), 2g/L. 4.35 0.45 2.50 0.45 
T5 - Organic source (potassium humate), 4g/L. 4.55 0.45 2.75 0.47 
T6 - Natural source (potassium ore), 4g/L. 4.10 0.39 2.40 0.41 
T7 - Natural source (potassium ore), 8g/L. 4.25 0.42 2.50 0.41 
T8 - (T2+T4 +T6). 4.60 0.45 2.90 0.49 
T9 - (T3+T5+T7). 4.70 0.50 2.90 0.54 
LSD at 0.05 0.11 0.04 0.11 0.02 
Treatments 2020 season 
T1 - Control (without application). 3.99 0.28 2.87 0.42 
T2 - Mineral source (potassium sulphate), 0.5g/L. 4.09 0.30 2.99 0.45 
T3 - Mineral source (potassium sulphate), 1g/L. 4.19 0.33 2.99 0.46 
T4 - Organic source (potassium humate), 2g/L. 4.55 0.44 3.11 0.50 
T5 - Organic source (potassium humate), 4g/L. 4.75 0.44 3.41 0.53 
T6 - Natural source (potassium ore), 4g/L. 4.14 0.36 3.07 0.46 
T7 - Natural source (potassium ore), 8g/L. 4.39 0.36 3.03 0.46 
T8 - (T2+T4 +T6). 4.80 0.44 3.59 0.55 
T9 - (T3+T5+T7). 4.90 0.50 3.59 0.65 
LSD at 0.05 0.12 0.05 0.17 0.03 

 

Foliar feeding with the combination of the three 

sources at the low level or at the high level significantly 

increased leaves photosynthetic pigments (chlorophyll a, 

chlorophyll b, total chlorophyll and carotenoids) additively in 

the two seasons. The observed increment in the percentage of 

K in the leaves due to increasing of K application rate can be 

explained on the basis of increasing the availability of 

nutrients in the soil (Marschner, 1995). Wallingford (1980) 

mentioned that potassium is involved in the activation of more 

than 60 enzymes, which are necessary for essential plant 

processes such as energy utilization, starch synthesis, N 

metabolism and respiration this can explain the previous 

findings. In this respect, it was found that K deficiency 

resulted into significant decrease in the P uptake indicating 

that a specific P ion adsorption site existing is activated by 

application of potassium (Adams and Shin, 2014). N and P 

use efficiency improved by K fertilization (Epstein and 

Bloom, 2005). Temiz et al. (2009) found that application of 

foliar potassium increased potassium percentage in cotton 

leaves compared to the control. There is a significant 

reduction in leaves nitrogen, phosphorus, potassium and 

magnesium percentages by cotton under control compared to 

foliar potassium treatments, where Bennett et al. (1965) 

showed that cotton plants continue to accumulate K at rates 

above that needed to produce maximum yields, with the 

highest K content occurring in older leaves and petioles. 

However, there is evidence that luxury consumption of K is 

actually beneficial and a relatively cheap insurance policy 

against environmental stress (Kafkafi, 1990).  

 

Table 3. Effect of foliar feeding with three sources of potassium at two levels either alone or in combination on cotton 

leaves photosynthetic pigments content in 2019 and 2020 seasons.    

Treatments 

Chlorophyll 
a 

Chlorophyll 
b 

Total Chlorophyll 
a+b 

Carotenoids 

(mg /g dry weight) 
2019 season 

T1 - Control (without application). 3.57 1.30 4.87 1.82 
T2 - Mineral source (potassium sulphate), 0.5g/L. 3.61 1.32 4.93 1.87 
T3 - Mineral source (potassium sulphate), 1g/L. 3.72 1.37 5.09 1.91 
T4 - Organic source (potassium humate), 2g/L. 3.97 1.46 5.42 2.04 
T5 - Organic source (potassium humate), 4g/L. 4.20 1.56 5.76 2.14 
T6 - Natural source (potassium ore), 4g/L. 3.76 1.39 5.14 1.93 
T7 - Natural source (potassium ore), 8g/L. 3.85 1.43 5.28 1.98 
T8 - (T2+T4 +T6). 4.57 1.70 6.27 2.34 
T9 - (T3+T5+T7). 4.76 1.76 6.52 2.44 
LSD  at 0.05 0.01 0.05 0.08 0.05 
Treatments 2020 season 
T1 - Control (without application). 3.29 1.22 4.51 1.57 
T2 - Mineral source (potassium sulphate), 0.5g/L. 3.43 1.25 4.68 1.58 
T3 - Mineral source (potassium sulphate), 1g/L. 3.72 1.36 5.08 1.71 
T4 - Organic source (potassium humate), 2g/L. 4.70 1.70 6.40 1.82 
T5 - Organic source (potassium humate), 4g/L. 4.88 1.80 6.68 1.89 
T6 - Natural source (potassium ore), 4g/L. 4.05 1.48 5.53 1.81 
T7 - Natural source (potassium ore), 8g/L. 4.17 1.53 5.69 1.82 
T8 - (T2+T4 +T6). 5.02 1.84 6.86 1.90 
T9 - (T3+T5+T7). 5.22 1.91 7.12 2.08 
LSD at 0.05 0.08 0.09 0.14 0.05 
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Potassium deficiency resulting in reduced stomatal 

conductance increased the mesophyll resistance and lowered 

the ribulose-1,5-bisphosphate carboxylase/oxygenase 

(RuBisCO) activity in plants, which eventually decreased the 

total photosynthesis rate (Zhao et al., 2001). Developing fruits 

are stronger sinks for photo assimilates than roots and 

vegetative tissues. This competition for photo assimilates 

reduces root growth energy supply for nutrient uptake 

including K (Marschner, 1995). Pettigrew (1999) stated that 

the elevated carbohydrate concentrations remaining in source 

tissue, such as leaves, appear to be part of the overall effect of 

K deficiency in reducing the amount of photosynthesis 

products available for reproductive sinks and thereby 

producing changes in yield and quality seen in cotton. Abdel-

Gayed and Awadalla (2014) found that provided cotton plant 

with 5 kg potassium sulphate/fed as foliar spraying twice at 

start of flowering and the peak of flowering stages exerted the 

highest concentrations of chlorophyl (a), chlorophyll (b) and 

carotenoids in cotton leaves.  

B- Growth parameters: 

Data presented in Table 4 revealed that, canopy dry 

weight (g/plant) and LAI after 115 days from sowing were 

significantly increased by foliar application of different 

sources of potassium at the two levels examined as compared 

with the control. The highest values of these parameters 

(138.67 g and 3.02;148.00 g and 3.10) were observed where 

the combination of the three sources at the high level was 

applied, followed by the combination of the three sources at 

the low level (129.33 g and 2.92; 144.00 g and 3.01). The 

lowest values (88.00 g and 2.38; 99.33 g and 2.63) were 

recorded, for the control during the first and second seasons, 

respectively. 

Foliar application with the three sources at the two 

levels either alone or in combination resulted in proportionate 

increase in the plant height and its number of fruiting branches 

at harvesting. The taller plants with the highest  

number of fruiting branches (166.90 cm and 

17.30;165.83 cm and 17.10) were recorded on cotton plants 

treated with the combination of the three sources at the high 

level, followed by the combination of the three sources at the 

low level (164.33 cm and 17.10; 164.30 cm and 16.93). The 

lowest values (153.80 cm and 14.27; 151.47 cm and 14.13) 

were recorded in the control during the first and second 

seasons, respectively. This increment in vegetative growth 

noticed in cotton plants sprayed with potassium sources may 

be due to; The role of potassium on plant nutrition (significant 

increase in leaves N, P, K and Mg percentages and significant 

increase in leaves photosynthetic pigments content as shown 

in Tables 2 and 3) as compared to the control treatment. The 

results confirm that although, soil K content is at optimal 

value as indicated in Table (1) according to Ankerman and 

Large (1974), soil potassium content is not enough to the 

needs of cotton plants. Both the leaf number and size are 

increased when K is enough and later the rate of 

photosynthetic per unit leaf area increased and thus account 

for an overall increment in the available amount of 

photosynthetic assimilates for growth (Pettigrew, 2008). 

Potassium is involved in a large number of plant functions, 

including; enzyme activation, osmoregulation via-stomatal 

control, cell extension, phloem transport of sugars and starch, 

protein synthesis, photosynthesis, respiration, ion absorption 

and transport (cation-anion balance) and disease resistance 

(Barker and Pilbeam, 2015). 

 

Table 4. Effect of foliar feeding with three sources of potassium at two levels either alone or in   combination on cotton 

growth parameters in 2019 and 2020 seasons.   

Treatments 

Canopy dry 
weight 

(g plant-1) 

Leaf  
area 

Index 

Final plant 
height 
(cm) 

Number of 
fruiting branches 

Plant-1 
2019 season 

T1 - Control (without application). 88.00 2.38 153.80 14.27 
T2 - Mineral source (potassium sulphate), 0.5g/L. 107.67 2.40 157.40 15.77 
T3 - Mineral source (potassium sulphate), 1g/L. 114.00 2.51 158.40 16.00 
T4 - Organic source (potassium humate), 2g/L. 119.33 2.71 159.10 16.67 
T5 - Organic source (potassium humate), 4g/L. 114.00 2.78 161.00 16.80 
T6 - Natural source (potassium ore), 4g/L. 118.00 2.55 156.50 15.50 
T7 - Natural source (potassium ore), 8g/L. 120.00 2.65 155.40 15.00 
T8 - (T2+T4 +T6). 129.33 2.92 164.33 17.10 
T9 - (T3+T5+T7). 138.67 3.02 166.90 17.30 
LSD at 0.05 3.12 0.05 1.22 0.48 
Treatments 2020 season 
T1 - Control (without application). 99.33 2.63 151.47 14.13 
T2 - Mineral source (potassium sulphate), 0.5g/L. 104.67 2.67 156.43 15.27 
T3 - Mineral source (potassium sulphate), 1g/L. 112.67 2.73 156.93 15.97 
T4 - Organic source (potassium humate), 2g/L. 127.33 2.82 157.17 16.10 
T5 - Organic source (potassium humate), 4g/L. 133.33 2.87 159.07 16.40 
T6 - Natural source (potassium ore), 4g/L. 126.00 2.67 155.07 15.03 
T7 - Natural source (potassium ore), 8g/L. 130.00 2.75 153.00 14.83 
T8 - (T2+T4 +T6). 144.00 3.01 164.30 16.93 
T9 - (T3+T5+T7). 148.00 3.10 165.83 17.10 
LSD at 0.05 3.64 0.04 1.15 0.46 

 
 
 

 
 

In this regard, El-Masri et al. (2005) found that foliar 

feeding with K at the high level (2% K2O) and at the low level 

(1% K2O) twice significantly increased number of fruiting 

branches/plant in one season only and plant height in both 

seasons as compared to the control treatment. Waraich et al. 

(2011) found that foliar application of KNO3 at 2% markedly 

increased number of leaves, number of sympodia/plant and 

plant height (cm). Cheema et al. (2012) found that K increases 

the utilization of carbohydrates, regulates the biosynthesis, 

conversion, and allocation of metabolites, increases the leaf 

area index and the dry matter accumulation. Marschner 

(2012) reported that during stomatal movement K plays a 

vital role in regulate turgor within the guard cells. K is 

essential for the translocation of photo assimilates. In higher 
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plants, K regulates the metabolite pattern and changes 

metabolite concentrations. K is essential for multiple 

functions of plant enzyme. Under K-deficit condition, NO3
−, 

amino acids, and amides accumulate in the cell, where protein 

formation is hampered even when there is an abundant N 

supply (Fageria, 2016). Abdel-Gayed and Awadalla (2014) 

found that provided cotton plant with 5 kg potassium 

sulphate/fed as foliar spraying twice at start of flowering and 

the peak of flowering stages exerted the highest values of 

plant height and number of fruiting branches/plant. Bakker 

(2018) reported that potassium is primarily present as ionic 

K+, with a very small percentage incorporated into organic 

tissue, and is the most abundant cation in plant cytosol.  

C. Earliness measurements: 

Significant differences were exhibited on boll 

shedding percentage as affected by foliar application with the 

three sources of potassium at the two levels examined (Table 

5), where boll shedding percentage significantly increased 

from 20.31 and 21.46%; 26.93 and 24.93% in foliar feeding 

with the combination of the three sources at the low level and 

at the high level to 38.79 and 38.96% in the control treatment 

in 2019 and 2020 seasons, respectively. The opposite trend 

was obtained with regard to boll setting% in both seasons. 

Also, these two combinations produced the highest 

earliness% (71.70 and 73.10%; 72.70 and 71.86%) as 

compared to the control which produced the lowest 

percentage (58.29 and 50.90%) in 2019 and 2020 seasons, 

respectively. The greater number of total bolls/plant (24.37 

and 18.97) was recorded, from the combination treatment of 

the three sources at the high level in 2019 season and at the 

low level in 2020 season. Also, the greater number of total 

flowers/plant (31.92 and 25.98) was recorded, where foliar 

spraying with potassium humate treatment at the low level in 

the first season and the combination treatment of the three 

sources at the low level in the second season. The lowest 

number of total flowers/plant (25.39 and 23.71) was recorded, 

where foliar spraying with potassium ore at the high level in 

the first season and foliar spraying with potassium sulphate at 

the low level in the second season. 

  
 

Table 5. Effect of foliar feeding with three sources of potassium at two levels either alone or in combination on cotton 

earliness measurements in 2019 and 2020 seasons. 

Treatments 

No. of total 
bolls 

plant-1 

No. of 
total flowers 

plant-1 

Boll  
setting 

% 

Boll  
shedding 

% 

Earliness 
% 

2019 season 
T1 - Control (without application). 16.97 27.73 61.21 38.79 58.29 
T2 - Mineral source (potassium sulphate), 0.5g/L. 19.53 29.70 65.80 34.20 62.67 
T3 - Mineral source (potassium sulphate), 1g/L. 21.43 31.34 68.39 31.61 64.30 
T4 - Organic source (potassium humate), 2g/L. 22.30 31.92 69.90 30.10 66.90 
T5 - Organic source (potassium humate), 4g/L. 21.93 30.11 72.82 27.18 65.80 
T6 - Natural source (potassium ore), 4g/L. 19.23 28.73 66.95 33.05 58.70 
T7 - Natural source (potassium ore), 8g/L. 18.33 25.39 72.38 27.62 59.00 
T8 - (T2+T4 +T6). 23.90 29.99 79.69 20.31 71.70 
T9 - (T3+T5+T7). 24.37 31.04 78.54 21.46 73.10 
LSD at 0.05 0.96 1.83 3.06 3.06 2.37 
Treatments 2020 season 
T1 - Control (without application). 14.57 23.88 61.04 38.96 50.90 
T2 - Mineral source (potassium sulphate), 0.5g/L. 15.67 23.71 66.06 33.94 58.60 
T3 - Mineral source (potassium sulphate), 1g/L. 16.28 24.14 67.47 32.53 65.13 
T4 - Organic source (potassium humate), 2g/L. 16.64 24.38 68.27 31.73 66.57 
T5 - Organic source (potassium humate), 4g/L. 17.34 24.55 70.61 29.39 68.64 
T6 - Natural source (potassium ore), 4g/L. 15.94 23.75 67.12 32.88 63.76 
T7 - Natural source (potassium ore), 8g/L/ 17.23 25.84 66.67 33.33 68.27 
T8 - (T2+T4 +T6). 18.97 25.98 73.07 26.93 72.70 
T9 - (T3+T5+T7). 18.70 24.91 75.07 24.93 71.86 
LSD at 0.05 0.73 0.99 1.66 1.66 2.39 

 

 

The positive effect of using the combination of the 

three sources at the two levels examined on earliness 

measurements is mainly due to that externally applied 

potassium helps to increase flowering, pollen germination 

rate and tube growth as well as boll development (Fan et al., 

2001). Choudhury et al. (2013) found that KNO3 plays a 

major role in pollen germination and development. The 

reproductive growth particularly flowering and boll setting 

are highly sensitive to low soil water potentials, where enough 

supply with K can play a vital role in this respect. K 

application has impact on boll setting. Shahzad et al. (2019) 

reported that cotton requires potassium (K) in copious 

amounts as compared to other crops. As cotton is grown in 

arid and semiarid areas, therefore often prone to water 

deficiency. The problem of boll shedding  is the possible 

reason of decrease in number of bolls per plant. Shedding of 

flower buds followed the damage in the leaves by K 

deficiency (Loka et al., 2019). In cotton, the problem of boll 

shedding arises from nutrient deficiency and drought stress. 

In drought conditions, potassium maintains plant turgor and 

makes plant withstand drought conditions. So, in adverse 

environment condition of hot climate, plants deficient in 

potassium could not retain their bolls. 

In this regard, El-Masri et al. (2005) found that foliar 

feeding with K at the high level (2% K2O) and at the low level 

(1% K2O) twice significantly increased number of total 

flowers/plant and number of total bolls set/plant in one season 

only and earliness% in both seasons as compared to the 

control treatment. 

D- Seed cotton yield and its components: 

The three sources of potassium examined at the two 

levels either alone or in combination resulted in positive effect 

on seed index and lint% in the second season. Maximum seed 

index (10.65 and 10.38 g) and lint% (42.37 and 42.39%) were 

recorded, where foliar spray three times with the combination 

of the three sources at the low level or at the high level, 
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respectively. Also, the three sources of potassium examined 

at the two levels either alone or in combination resulted in 

positive effect on number of open bolls/plant and boll weight 

in both seasons (Table 6). Maximum number of open 

bolls/plant (23.90 and 24.37; 18.97 and 18.70) and boll weight 

(3.28 and 3.25 g; 3.44 and 3.29 g) were recorded, where foliar 

spray three times with the combination of the three sources at 

the low level or at the high level, respectively. The minimum 

seed index (9.09 g) and lint% (40.43%) in the second season, 

number of open bolls/plant (16.97 and 14.57) and boll weight 

(2.93 and 2.43 g) in the first and second seasons resulted, 

where recommended rate of K was soil applied only (control 

treatment). The increase in boll weight of foliar spray three 

times with the combination of the three sources may be 

contributed to additional potassium nutrition along with 

higher percentages of leaves nitrogen, phosphorus, potassium 

and magnesium(Table 2), so the top bolls of cotton plant 

developed completely and was higher in weight and number. 

Results pertaining to seed  

cotton yield/feddan as affected by foliar feeding with 

the three sources of potassium at the two levels examined 

either alone or in combination as mentioned in Table 6 show 

significant effect on the seed cotton yield/feddan in both 

seasons, where combination of the three sources at the low 

level significantly increased seed cotton yield/fed by 

25.22,14.68, 12.04, 9.40, 8.87, 21.81, 12.49 and 10.92% over 

the control treatment, foliar spraying with potassium sulphate 

at the low level, foliar spraying with potassium sulphate at the 

high level, foliar spraying with potassium humate at the low 

level, foliar spraying with potassium humate at the high level, 

foliar spraying with potassium ore at the low level, foliar 

spraying with potassium ore at the high level and foliar 

spraying with the combination of the three sources at the high 

level in the first season and by 24.11, 18.70, 15.87, 15.87, 

11.36, 13.86, 13.98 and 8.24% in the second season, in  

respective order. Potassium regulates the metabolites 

biosynthesis, conversion, and allocation that ultimately 

increases the yield. Cheema et al. (2012) found that K helps 

to increase the carbohydrates utilization and the leaf area 

index, which help to increase the accumulation of dry matter 

and ultimately increase the yields. The cotton plant moves 

more quickly (earlier) from the vegetative phase to the 

reproductive phase when K levels in soil are insufficient 

(Pettigrew, 1999), resulting in yield reduction (Pettigrew, 

2008). Potassium application was found to have significant 

effect and improved the yield of cotton. The increasing levels 

of potassium caused significant increase in cotton yield. The 

necessity of inclusion of application of potassium in the 

fertilization of cotton grown on clayey soil for increasing 

productivity as well as increasing nutrient uptake by cotton. 

The favourable influences of foliar spraying with potassium 

sources on increasing yield and its components might be 

attributed to its positive effects on enhancing leaf mineral 

composition and photosynthesis pigments (Tables 2 and 3), 

vegetative growth (Table 4) and earliness attributes (Table 5). 

 

Table 6. Effect of foliar feeding with three sources of potassium at two levels either alone or in combination on seed 

cotton yield and its components of cotton Giza 86 cultivar in 2019 and 2020 seasons. 

Treatments 
Lint  
% 

Seed  
index 

(g) 

Number of 
open bolls 

Plant-1 

Boll  
weight 

(g) 

Seed cotton 
yield fed-1 
(kentar) 

2019 season 
T1 - Control (without application). 40.16 10.20 16.97 2.93 8.92 
T2 - Mineral source (potassium sulphate), 0.5g/L. 41.04 10.36 19.53 3.09 9.74 
T3 - Mineral source (potassium sulphate), 1g/L. 41.12 10.25 21.43 3.05 9.97 
T4 - Organic source (potassium humate), 2g/L. 40.26 10.30 22.30 3.13 10.21 
T5 - Organic source (potassium humate), 4g/L. 41.65 10.08 21.93 3.16 10.26 
T6 - Natural source (potassium ore), 4g/L. 40.61 10.39 19.23 3.01 9.17 
T7 - Natural source (potassium ore), 8g/L. 40.49 10.55 18.33 3.14 9.93 
T8 - (T2+T4 +T6). 40.64 10.67 23.90 3.28 11.17 
T9 - (T3+T5+T7). 40.15 10.35 24.37 3.25 10.07 
LSD at 0.05 NS NS 0.96 0.05 0.62 
Treatments 2020 season 
T1 - Control (without application). 40.43 9.09 14.57 2.43 9.00 
T2 - Mineral source (potassium sulphate), 0.5g/L. 40.44 9.27 15.67 2.85 9.41 
T3 - Mineral source (potassium sulphate), 1g/L. 40.50 10.09 16.28 2.86 9.64 
T4 - Organic source (potassium humate), 2g/L. 41.33 9.29 16.64 2.85 9.64 
T5 - Organic source (potassium humate), 4g/L. 41.37 10.34 17.34 3.20 10.03 
T6 - Natural source (potassium ore), 4g/L. 40.50 10.10 15.94 3.06 9.81 
T7 - Natural source (potassium ore), 8g/L. 40.76 10.07 17.23 2.99 9.80 
T8 - (T2+T4 +T6). 42.37 10.65 18.97 3.44 11.17 
T9 - (T3+T5+T7). 42.39 10.38 18.70 3.29 10.32 
LSD at 0.05 0.57 0.13 0.73 0.08 0.54 
  

In this regard, El-Masri et al. (2005) found that foliar 

feeding with K at the high level (2% K2O) and at the low level 

(1% K2O) twice significantly increased seed cotton yield over 

the control treatment by 15.56 and 5.81%; 7.72 and 5.67% in 

the first and second seasons, respectively. Foliar feeding with 

K at the high level (2% K2O) significantly increased number 

of open bolls/plant and seed index in one season only and boll 

weight in both seasons as compared to the control treatment. 

Lint% did not affected. Sawan et al. (2008) found that seed-

cotton yield significantly increased by K application due to 

positive effects of this nutrient on yield components (open 

bolls number/plant and boll weight). Temiz et al. (2009) 

found that applying potassium as foliar spraying 

insignificantly affected lint% and yield of seed-cotton. 

Waraich et al. (2011) reported that increasing concentrations 

of foliar potassium significantly affected bolls number. They 

added that, foliar application of KNO3 at 2% significantly 

increased number of bolls and ginning out turn (GOT%). 

Abdel-Gayed and Awadalla (2014) found that provided 

cotton plant with 5 kg potassium sulphate/fed as foliar 
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spraying twice at start of flowering and the peak of flowering 

stages exerted the highest values of number of open 

bolls/plant, boll weight and seed cotton yield. Lint% did not 

affected. Muhammad et al. (2016) reported that more 

potassium (K) required by modern cotton cultivars during 

peak bloom and boll setting period and its deficiency 

adversely affects the yield of seed-cotton. Kadam et al. (2017) 

found that the increasing levels of potassium caused 

significant increase in yield of cotton. Hussain et al. (2020) 

found that foliar application of K2SO4 improved seed cotton 

yield under the arid climate.   

 E-Fiber quality traits: 

Concerning the effect of foliar feeding with K in the 

form of three sources coupled with two levels on 2.5% span 

length (mm), uniformity ratio (%), fiber strength (Pressley 

units) and fiber fineness (micronaire reading), the results in 

Table 7, show significant differences in 2.5% span length 

(mm), fiber strength (Pressley units) and fiber fineness 

(micronaire reading) in the second season only, in favor of 

foliar feeding with the combination between the three sources 

at the high level (1, 2 and 8 g)/L followed by the low level 

(0.5, 2 and 4 g)/L. These two levels produced the longest fibre 

length (35.20 and 35.10 mm), and the highest fiber strength 

(11.59 and 11.75 Pressley units), respectively. The control 

recorded the lowest values of these traits in consideration 

(10.57 Pressley units and 33.10 mm). Micronaire reading was 

significantly increased from applying potassium as foliar 

spraying with the combination between the three sources at 

the two levels used. They recorded (4.47 and 4.47 micronaire 

units). However, applying potassium as foliar spraying in the 

form of mineral source (potassium sulphate) at the two levels 

used recorded the lowest values (4.07 and 4.17 micronaire 

units).  

Improvement in quality due to K application as foliar 

feeding with the combination between the three sources at the 

two levels examined might be attributed to; K improves water 

use efficiency and maintains surplus water pressure within the 

boll, which eventually improve fiber quality and increase 

carbohydrate available amount to mature bolls (Pettigrew, 

2001), where K increases rate of photosynthetic through its 

role in CO2 fixation, cell turgor control (Marschner, 1995) and 

carbohydrate metabolism and translocation, which eventually 

improve the fiber quality (Lu et al., 2016). The role of K in 

transport sugar into the developing boll leads to higher 

cellulose deposition in the secondary fiber cell wall was 

detected (Hu et al., 2015). This is reflected in the increase of 

the micronaire value. Fiber occurs as a thin cell wall of 

carbohydrate polymers which deposited allowing the fiber to 

elongate lengthening (DeLanghe, 1986), where potassium 

serving as an osmoticum, producing turgor pressure inside the 

developing fibre in conjunction with carbohydrate polymers 

deposition for fibre elongation (Dhindas et al., 1975). During 

the process of fiber thickening, sucrose synthetase (SS) and 

sucrose phosphatase synthase (SPS) serve as the main 

enzymes for cellulose synthesis, and their activities are highly 

dependent upon the K application rate (Zahoor et al., 2017 

and Ali et al., 2018). 

 

Table 7. Effect of foliar feeding with three sources of potassium at two levels either alone or in combination on some 

fiber traits of cotton Giza 86 cultivar in 2019 and 2020 seasons. 

Treatments 

Fiber  

fineness 

(micronairereading) 

Fiber   

strength 

(Pressley units) 

2.5%  

span length 

(mm) 

Length 

uniformity 

ratio (%) 

2019 season 

T1 - Control (without application). 4.6 10.7 34.1 86.6 

T2 - Mineral source (potassium sulphate), 0.5g/L. 4.6 10.6 34.3 86.4 

T3 - Mineral source (potassium sulphate), 1g/L. 4.6 10.9 34.4 86.4 

T4 - Organic source (potassium humate), 2g/L. 4.4 10.7 34.5 87.0 

T5 - Organic source (potassium humate), 4g/L. 4.7 10.8 34.8 86.6 

T6 - Natural source (potassium ore), 4g/L. 4.6 10.9 34.5 86.2 

T7 - Natural source (potassium ore), 8g/L. 4.6 10.6 34.0 86.8 

T8 - (T2+T4 +T6). 4.6 11.1 34.7 86.9 

T9 - (T3+T5+T7). 4.5 11.0 35.2 86.6 

LSD at 0.05 NS NS NS NS 

Treatments 2020 season 

T1 - Control (without application). 4.20 10.57 33.10 84.50 

T2 - Mineral source (potassium sulphate), 0.5g/L. 4.07 11.27 33.47 85.77 

T3 - Mineral source (potassium sulphate), 1g/L. 4.17 11.50 33.67 85.80 

T4 - Organic source (potassium humate), 2g/L. 4.30 11.40 34.40 85.87 

T5 - Organic source (potassium humate), 4g/L. 4.37 11.57 34.60 86.30 

T6 - Natural source (potassium ore), 4g/L. 4.20 11.27 33.17 85.27 

T7 - Natural source (potassium ore), 8g/L. 4.30 11.40 33.57 85.40 

T8 - (T2+T4 +T6). 4.47 11.59 35.10 86.77 

T9 - (T3+T5+T7). 4.47 11.75 35.20 86.47 

LSD at 0.05 0.20 0.28 0.91 NS 
 

   Similarly, Hu et al. (2018) have reported that 

increased regulation of SPS and SS activities in response to 

higher K availability during the fiber thickening period leads 

to increased cellulose concentration and better cotton fiber 

strength. If K is limited during active fiber growth, there is a 

reduction in the fiber turgor pressure resulting in less cell 

elongation and shorter fibers at maturity. Potassium plays a 

pivotal role in the fiber formation and development (Yang et 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
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al., 2016). It was found that cotton fiber shifts towards a 

thickening of the secondary cell wall after 16 days of anthesis, 

in which cellulose synthesis is the prominent metabolism 

(Haigler et al., 2001).  

  In this respect, Minton and Ebelhar (1991) reported 

that varying potassium concentrations increased micronaire. 

Pettigrew et al. (1996) found that in eight genotypes of 

differing relative earliness and regional adaptation, K 

deficiency reduced 50% span length, micronaire and fiber 

elongation. Insufficient potassium supply decreases the fiber 

turgor pressure and the primary fiber cell wall cannot be 

elongated resulting in shorter fibers (Pettigrew, 2003). In 

cotton the use of K fertilizers decreased the amount of 

damaged fibers and improved fiber staple length, tensile 

strength and fiber micronaire (Li et al., 2005).  Sawan et al. 

(2008) found that K application significantly increased 2.5% 

span length and fiber strength. Waraich et al. (2011) reported 

that foliar application of KNO3 at 2% markedly increased 

fiber micronaire, fiber uniformity (%), fiber length (mm) and 

fiber strength. Hussain et al. (2020) added that foliar 

application of K2SO4 improved fiber quality of cotton under 

arid climate. On the other hand, Temiz et al. (2009) reported 

that application of foliar potassium insignificantly affected 

fiber quality parameters. Abdel-Gayed and Awadalla (2014) 

found that micronaire reading and Pressley index did not 

affected by potassium application. Emara (2016) found that 

the potassium treatments gave insignificant effect on fiber 

quality traits. Shahzad et al. (2019) reported that parameters 

of fiber quality were insignificantly affected by K application. 

Micronaire is a composite measure of fiber fineness and 

maturity since fiber cells with the same wall width can have 

different micronaire values. Fiber maturity determines by the 

degree of secondary wall deposition (Davidonis et al., 2004). 

When there is ample supply of carbohydrate to mature bolls 

set on the plant, micronaire tends to increase (Pettigrew, 

2001).  

CONCLUSION 
It could be concluded that, foliar feeding with the 

combination of the three K sources examined [mineral source 

(potassium sulphate), organic source (potassium humate) and 

natural source (potassium ore)] at the low level of each source 

(0.5, 2 and 4 g)/L in respective order three times as alternative 

to soil K fertilization to reduce cost, overcome K fixation and 

harvest higher productivity along with better fiber quality 

under conditions similar to El-Gemmeiza region. 

REFERENCES 
 

A.O.A.C. (1995): Association of Official Agriculture 

Chemists. Official Methods of Analysis. 16th Ed. 

A.O.A.C. Virginia, DC, USA. 

A.S.T.M. (2012): American Society for Testing and 

Materials. Designation, (D1447-07), (D1448-97) and 

(D1445-67). 

Abdel-Gayed, S. Sh. and M. A. Awadalla (2014): Response 

of cotton[(Giza 83 x( Giza 75 x 5844) } x Giza 80] to 

different sources and application methods of 

potassium fertilizers. The 1st International Cotton 

Conference "Challenges to Sustainable Cotton 

Production & Quality" (Special Issue), Egypt. J. 

Agric. Res., 92(1): 181-196. 

Adams, E. and R. Shin (2014): Transport, signaling, and 

homeostasis of potassium and sodium in plants. J. of 

Integrative Plant Biol., 56: 231–249. 

Ali, S.; A. Hafeez; X. Ma; S. A. Tung; A. Liu; A. N. Shah; M. 

S. Chattha; Z. Zhang and G .Yang (2018): Potassium 

relative ratio to nitrogen considerably favors carbon 

metabolism in late planted cotton at high planting 

density. Field Crops Res., 223:48–56. 

Alshaal, T. and H. El-Ramady (2017): Foliar application: 

from plant nutrition to biofortification. Env. Biodiv. 

Soil Security, 1: 71- 83. 

Ankerman, D. and L. Large (1974): Soil and Plant Analysis. 

Agric. Lab. Inc., New York. USA. 

Bakker, E. (2018): The impact of plant growth and potassium 

uptake on clay minerals in soil. Ph.D. Thesis Sciences 

de la Terre, de l’Univers et de l’Environnement. 

Barker, A.V. and D.J. Pilbeam (2007): Handbook of Plant 

Nutrition . by Taylor & Francis Group, LLC CRC 

Press is an imprint of Taylor & Francis Group, an 

Informa business pp: 244. 

Barker A. V. and D. J. Pilbeam (2015): Handbook of Plant 

Nutrition, Second Edition. Books in Soils, Plants, and 

the Environment Series, the 2nd Ed., CRC Press. 

Bennett, O.L.; R.D. Rouse; D.A. Ashley and B.D. Doss 

(1965): Yield, fiber quality and potassium content of 

irrigated cotton plants as affected by rates of 

potassium. Agron. J., 57: 296-299.  

Cassman, K. G.; B. A. Roberts; T. A. Kerby; D. C. Bryant and 

D. C. Higashi (1989): Soil potassium balance and 

cumulative cotton response to annual potassium 

additions on a Vermiculite soil. Soil Sci. Soc. of 

America J., 53: 805-812. 

Chapman, H. D. and F. P. Parker (1981): Methods of Analysis 

of Soil, Plants and Water. Univ. California, August, 

1981. Second Printing.  

Cheema, M.A.; M. A. Wahid; A. Sattar; F. Rasul and M.F. 

Saleem (2012): Influence of different levels of 

potassium on growth, yield and quality of canola 

(Brassica napus L.) cultivars. Pak. J. Agric. Sci, 49: 

163–168. 

 Choudhury, S.; S. Mondal and S. Mandal (2013): Studies on 

in vitro pollen germination of Carissa carandus L. 

Sci. Cult., 79: 128–130.  

Comerford, N. B. (2005): Soil Factors Affecting Nutrient 

Bioavailability. Ecological Studies,Vol. 181 . 

BassiriRad (Ed.) Nutrient Acquisition by Plants An 

Ecological Perspective © Springer-Verlag Berlin 

Heidelberg 2005. 

Davidonis, G. H.; A. S. Johnson; J. A. Landivar and C. J. 

Fernandez (2004):. Cotton fiber quality is related to 

boll location and planting date. Crop Sci., 96: 42–47. 

DeLanghe, E.A.L. (1986): Lint development. In: Mauney, 

J.R., Stewart, J.McD. (Eds.), Cotton Physiology. The 

Cotton Foundation, Memphis, TN, pp: 325–350. 

Dhindas, R. S.; C. A. Beasley and I. P. Ting (1975): 

Osmoregulation in cotton fibre. Plant Physiol., 56: 

394-398. 

Dobermann, A. (2007): Nutrient use efficiency—

measurement and management. Workshop on 

Fertilizer Best Management Practices. Proc. of Int. 

Fertilizer Industry Assoc. (IFA), 7–9 Mar. 2007. 

Brussels, Belgium.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31978138


EL-Shazly, M. W. et al 

878 

El-Fouly, M. M. and A. A. El-Sayed (1997): Foliar 

fertilization: An environmentally friendly application 

of fertilizers. In Dahlia Greidinger Intern. Symp. on" 

Fertilization and Environment (pp. 24-27) March, 

Haifa, Israel, John I(ed): pp346-357. 

El-Masri, M. F.; W. M. O.  El-Shazly and K. A. Ziadah 

(2005). Response of cotton Giza 89 cultivar to foliar 

spraying with boron, potassium or a bioregulator 

SGA-1. J. Agric. Sci. Mansoura Univ., 30 (10): 5739- 

5755. 

 Emara, M. A. A. (2016): Influence of potassium fertilization 

and spraying of zinc and manganese on cotton growth 

and productivity. J. Plant Production, Mansoura 

Univ., 7 (10): 1115 – 1125. 

Epstein, E and A.J. Bloom (2005): Mineral nutrition of plants: 

Principles and perspectives. 2nd ed. Sinauer 

Associates, Inc., Sunderland, MA. 

 Etesami, H; S. Emami and H. A. Alikhani (2017): Potassium 

solubilizing bacteria (KSB): Mechanisms, promotion 

of plant growth, and future prospects—a review. J. 

Soil Sci. Plant Nutr., 17: 897–911.  

Fadeel, A. A. (1962): Location and properties of chloroplasts 

and pigment determination in shoots. Plant Physiol., 

15: 130-137. 

Fageria, N. K. (2016): The Use of Nutrients in Crop Plants; 

CRC Press: Boca Raton, FL, USA,  

 Fan, L.; Y. Wang; H. Wang and W. Wu (2001): In vitro 

Arabidopsis pollen germination and characterization 

of inward potassium currents in Arabidopsis pollen 

grain protoplasts. J. Exp. Bot., 52: 1603–1614.  

Haigler, C. H.; D. M. Ivanova; P. S. Hogan, V. V. Salnikov; 

S. Hwang; K. Martin and D. P. Delmer (2001): 

Carbon partitioning to cellulose synthesis. Plant Mol 

Biol., 47: 29–51. 

Hu, W.; D. Loka; T. R. Fitzsimmons; Z. Zhou and D. M. 

Oosterhuis (2018): Potassium Deficiency Limits 

Reproductive Success by Altering Carbohydrate and 

Protein Balances in Cotton (Gossypium hirsutum L.). 

Environ. and Exp. Biol., 145: 87-94. 

Hu, W.; J. Yang; Y. Meng; Y. Wang; B. Chen; W. Zhao and 

Z. Zhou (2015): Potassium Application Affects 

Carbohydrate Metabolism in the Leaf Subtending the 

Cotton (Gossypium hirsutum L.) Boll and its 

Relationship with Boll Biomass. Field Crops 

Res.,179:120-131. 

Hunt, R. (1978): Plant growth analysis. The institute of 

biological studies. Edward Arnold. (Pub) Ltd. UK. 96: 

8-38. 

Hussain, F; A. U. Malik; M. A. Haji and A. L. Malghani 

(2015): Growth and yield response of two cultivars of 

Mungbean (Vigna radiata) to different potassium 

levels. J Animal Plant Sci., 21: 622–625. 

 
 Hussain, M.; A. F. Tariq; A. Nawaz; M. Nawaz; A. Sattar; S. 

Ul-Allah and A. Wakeel (2020): Efficacy of 

fertilizing method for different potash sources in 

cotton (Gossypium hirsutum L.) nutrition under arid 

climatic conditions. PLoS One, 15(1): e0228335. 

Imas, P. and K. S. John (2013): Research finding potassium 

nutrition of cassava. Int. potash institute. E-IFC 

No.34, Jue. 

Jones, C. and M. Jeff Jacobsen (2001): Plant nutrition and soil 

fertility. Nutrient Management Module No. 2. 

Montana State University Extension Service. 

Publication 4449-2. 

Kadam, Y. B.; V. K. Kharche; V. S. Borkar; R. N. Katkar; N. 

M. Konde and V. V. Gabhne (2017): “Effect of 

potassium application on yield. and nutrient uptake by 

Cotton”, Int. J. of Current Res., 9(01): 45374-45381. 

Kadapa, S. N. (1975): Earliness in cotton I.A study of 

component characters. AICCIP, Agric. Res. St., 

Dharwar, India, Mysore. J. of Agric. Sci., 9(2): 219-

229. 

Kafkafi, U. (1990): “The Functions of Plant K in Overcoming 

Environmental Stress Situations,” Proceedings 22nd 

Colloquium, International Potash Institute, Bern, 

1990, pp. 81-93. 

Kerby, T.A. and F. Adams (1985): Potassium nutrition of 

cotton. p. 843-860. In Potassium in Agriculture. 

American Society of Agron., Madison, WI. 

Li, W.; H. Dong; W. Tang and D. Zhang (2005): Research 

progress in physiological premature senescence in 

cotton. Cotton Sci., 17: 56–60. 

Loka, D.A.; D.M. Oosterhuis; D. Baxevanos; D. 

Vlachostergios, and W. Hu (2019): How Potassium 

Deficiency Alters Flower Bud Retention on Cotton 

(Gossypium hirsutum L.). Archives of Agronomy and 

Soil Sci., 65(4): 521-536. 

  Lu, Z.; J. Lu; Y. Pan; P. Lu; X. Li; R. Cong and T. Ren 

(2016): Anatomical variation of mesophyll 

conductance under potassium deficiency has a vital 

role in determining leaf photosynthesis. Plant Cell 

Environ., 39: 2428–2439. 

Manning, D. A. (2015): How will minerals feed the world in 

2050? Proc. Geol. Assoc., 126: 14– 17. 

Marchand, M. and B. Bourrié (1999): Use of potash fertilizers 

through different application methods for high yield 

and quality crops. Developments in Plant and Soil 

Sci., 86(1): 13-17. 

Marschner, H. (1995): Mineral nutrition in higher plants. Wd 

Ltd. The Greystone Press, Antrim, Northern Ireland. 

Marschner, H. (2012): Marschner’s Mineral Nutrition of 

Higher Plants, 3rd ed.; Academic Press: London, UK, 

: pp. 178–189. 

Minton, E. B. and M. W. Ebelhar (1991): Potassium and 

aldicarb-disulfoton effects on verticillium wilt, yield, 

and quality of cotton. Crop Sci., 31: 209-212. 

Moody, P. W. and M. J. Bell (2006): Availability of soil 

potassium and diagnostic soil tests Australian J. of 

Soil Res., 44: 265–275. 

Muhammad, D. B.; M. N. Afzal; M. Tariq and A. Wakeel 

(2016): Impact of Potassium Fertilization Dose, 

Regime, and Application Methods on Cotton 

Development and Seed-Cotton Yield under an Arid 

Environ. e-ifc No. 45, June 2016. 

Oosterhuis, D.; K. Hake and C. Burmester (1991): Foliar 

feeding cotton. Cotton Physiology Today-News 

Letter of the Cotton Physiology Education Program. 

National Cotton Council, 2(8): 1-8. 

Pettigrew, W.T. (1999): Potassium deficiency increase 

specific leaf weights and leaf glucose levels in field-

grown cotton. Agron. J., 91: 962– 968. 

https://jpp.journals.ekb.eg/?_action=article&au=124752&_au=M.+A.+A.+Emara
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tariq%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nawaz%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nawaz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sattar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ul-Allah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ul-Allah%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31978138
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wakeel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31978138


J.of Plant Production,  Mansoura Univ., Vol. 12 (8), August, 2021 

879 

Pettigrew, W. T. (2001): Environmental effects on cotton 

fiber carbohydrate concentration and quality. Crop. 

Sci., 41: 1108-1113. 

Pettigrew, W.T. (2003): Relationship between insufficient 

potassium and crop maturity in cotton. Agron. J., 95: 

1323–1329. 

  Pettigrew,W.T. (2008): Potassium influences on yield and 

quality production for maize, wheat, soybean and 

cotton. Physiol. Plant., 133: 670–681. 

Pettigrew, W.T.; J. J . Heith olt and W.R. Meredith (1996): 

Genotypic reactions with potassium and nitrogen in 

cotton of varied maturity. Agron. J., 88: 89-93. 

Rich, C. I. (1968): Mineralogy of soil potassium. p. 79-91. In 

V.J. Kilmer et al. (ed.) The role of potassium in 

agriculture. Am. Soc. Agro., Madison, WI. 

Richmond, T. R. and S. R. H. Radwan (1962): Comparative 

study of seven methods of measuring earliness of crop 

maturity in cotton. Crop Sci., 2: 397-400. 

 Roemheld, V. and E. A. Kirkby (2010): Research on 

Potassium in Agriculture: Needs and Prospects. Plant 

Soil, 335:155-180. 

Sawan, Z. M.; M. H. Mahmoud and A. H. El-Guibali (2008): 

Influence of potassium fertilization and foliar 

application of Zinc and phosphorus on growth, yield 

components, yield and fiber properties of cotton 

(Gossypium barbadense L.). J. Pl. Ecol., 1 (4): 259 – 

270. 

 Shahzad, A. N.; M. Rizwan; M. G. Asghar; M. K. Qureshi; 

S. H. Bukhari and A. Kiran (2019): Early maturing Bt 

cotton requires more potassium fertilizer under water 

stress to augment seed-cotton yield but not lint quality. 

Sci Rep., 9: 7378. 

Shareef, H.J. (2016): Role of antioxidants in salt stress 

tolerant of date palm offshoots (Phoenix dactylifera 

L.) female and male cultivars. Int. J. of Current Agric. 

Res., 3: 182–186.  

Smil, V. (1999): Crop residues: Agriculture’s largest harvest. 

Bioscience, 49: 299– 308. 

 Snyder, C. S.; W. N. Miley; D. M. Oosterhuis and R. L. 

Maples (1991): Foliar application of potassium to 

cotton. University of Arkansas, Cooperative 

Extension Service. Cotton Comments. 4-91. 

Sparks, D. L. and P.M. Huang (1985): Physical chemistry of 

soil potassium. p. 201-276. In Munson, R. D (ed.). 

Potassium in agriculture. SSSA, Madison, WI. 

 Steel, R. G.; J. H. Torrie and D. A. Dickey (1997): Principles 

and Procedures of Statistics: A Biometrical Approach, 

3rd Ed.; McGraw Hill Book International Co.: 

Singapore. 

Temiz, M.; Y. K. Koca; F. Aydin and E. Karahan (2009): 

Effect of foliar potassium and micronutrient additions 

on yield and fiber quality of cotton (Gossypium 

hirsutum L.). J. of Food, Agric. & Environ., 7 (1): 

118-122.  

Valadabadi, S. A. and H. A. Farahani (2010): Studying the 

interactive effect of potassium application and 

individual field crops on root penetration under 

drought condition. J. Agri. Biotechnol. Sus. Dev., 2: 

82-86. 

Waller, R. A. and D. B. Duncan (1969): A bays rule for the 

symmetric multiple comparison problem. J. Amer. 

Stat. Assoc.,1485-1503. 

Wallingford, W. (1980): Function of potassium in plants In: 

Potassium for Agriculture. Potash and Phosphate 

Inst., Atlanta. Georgia., pp: 10-27. 

Waraich, E. A.; R. Ahmad; R. G. M. Hur; Ehsanullah; A. 

Ahmad and N. Mahmood (2011): Response of foliar 

application of KNO3 on yield, yield components and 

lint quality of cotton (Gossypium hirsutum L.). 

African J. of Agric. Res., 6(24): 5457-5463. 

 Yang, J. S.; W. Hu; W. Zhao; Y. Meng; B. Chen; Y. Wang 

and Z. Zhou (2016): Soil potassium deficiency 

reduces cotton fiber strength by accelerating and 

shortening fiber development. Scientific Reports, 28: 

28856. 

Zahoor, R.; H. Dong; M. Abid; W. Zhao; Y. Wang and Z. 

Zhou (2017): Potassium fertilizer improves drought 

stress alleviation potential in cotton by enhancing 

photosynthesis and carbohydrate metabolism. 

Environ. Exp. Bot., 137:73–83. 

Zhao, D.; D. M. Oosterhuis and C.W. Bednarz (2001): 

Influence of potassium deficiency on photosynthesis, 

chlorophyll content, and chloroplast ultra-structure of 

cotton plants. Photosynthetica, 39 (1): 103-109. 

 

 تأثير صور مختلفة للبوتاسيوم على  النمو وبعض الصفات الفسيولوجية وإنتاجية القطن المصرى
 2واحمد محمد عبد العال 1، يوسف فتحى احمد عطا هللا*1محمود وجدى محمد الشاذلى 

                                جمهورية مصر العربية.      -الجيزة-مركز البحوث الزراعية -معهد بحوث القطن -قسم بحوث الفسيولوجى -1 

 جامعة   المنوفية   –كلية زراعة شبين الكوم  -قسم النبات الزراعى -2 
 

 

تقييم تأثير التغذية الورقية بثالثة مصادر من  بهدف م2020,2019موسمى مصر خالل  -محافظة الغربية  -بمحطة البحوث الزراعية  بالجميزة  تانحقلي تانأجريت تجرب 

جم / لتر(  4،  2جم / لتر( ، ) 1،  0.5وم ] مصدرمعدني )كبريتات البوتاسيوم( ، مصدر عضوي )هيومات البوتاسيوم( ، مصدر طبيعي )خام البوتاسيوم([ بمستويين لكل مصدر )البوتاسي

إضافة أرضية للبوتاسيوم بالمعدل الموصى به باإلضافة إلى معاملة الكنترول ) تم الجمع بين المصادر الثالثة عند المستوى المنخفض والمستوى العالي ، كماجم / لتر( على التوالي  8،  4) ،

ومحتواه الكيماوى الداخلى وتم استخدام تصميم  86نمو وبعض الصفات الفسيولوجية وإنتاجية صنف القطن المصري جيزة العلى وتاثير ذلك ( عند رش المعامالتالرش بماء الصنبورمع 

يق هذه المعامالت ثالث مرات. وأشارت النتائج المتحصل عليها إلى أن التغذية الورقية بالمصادر الثالثة عند المستوى المنخفض أو ية بثالث مكررات  وتم تطبالقطاعات الكاملة العشوائ

النمو وقياسات التبكير) باستثناء  طن ومؤشرات المستوى العالي ادت الى زيادة معنوية فى تركيز النيتروجين، الفوسفور، البوتاسيوم، الماغنسيوم ، صبغات التمثيل الضوئى في أوراق الق

لبذرة ، النسبة المئوية للتيلة ، طول التيلة والمتانة نسبة تساقط اللوز والتي انخفضت( ومحصول القطن الزهر للفدان ، وزن اللوزة ،عدد اللوز المتفتح على النبات فى الموسمين وكذلك معامل ا

هيومات  جم  2،  .جم  كبريتات البوتاسيوم0.5التركيز المنخفض )ب ةالدراسة بإستخدام  هذه  المصادر الثالث مجتمع وتوصىعاملة الكنترول.وقراءة الميكرونير فى الموسم الثاتى مقارنة مع م

وخفض التكاليف والتغلب على تثبيت  تاسيوم كبديل للتسميد االرضى من البو )في مرحلة الوسواس، بداية التزهير وقمة التزهير(اللتر رشا ولثالث مرات /خام البوتاسيوم( جم 4،البوتاسيوم 

                        روف مماثلة لمنطقة الجميزة.    تحت أى ظ نتاجيةإعلى أللحصول على والبوتاسيوم 


