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ABSTRACT 

 
Increasing potassium fertilizer rate up to 80 kg K2O/fed significantly induced 

growth and carbohydrates concentration and ion percentage in potato shoots as 
compared to control in both seasons. The highest values was obtained due to 
application of 40 kg K2O/fed in the first and second seasons as compared with 
untreated plants. Addition of effective microorganisms and exogenous application of 
biostimulants, in particular, seaweed extract significantly increased shoot growth, 
carbohydrates concentration and ion percentage as compared to control in both 
seasons. 

As for the interactions, application of biostimulants, in particular, seaweed 
extract, significantly increased shoot growth, carbohydrates concentration and ion 
percentage in potato shoots grown under all potassium fertilizer rates with or without 
an addition of effective microorganisms. The highest value was obtained under the 
treatment of 40 kg K2O/fed with addition of effective microorganisms and spraying 
plants with 500 mg/l seaweed extract as compared with control plant in the first and 
second growing seasons. 

 

INTRODUCTION 
 

Potato (Solanum tuberosum L.) is an important crop in terms of 
human food and starch industry. In Egypt the policy of the country aims to 
improve potato production so as to meet the increasing demand of the local 
consumption and to increase the amount of potato for exporting. Potato 
demands high level of soil nutrients due to relatively poorly developed and 
shallow root system in relation to yield (Perrenoud 1993). Compared with 
cereal crops, potato produces much more dry matter in a shorter cycle. This 
high rate of dry matter production results in large amounts of nutrients 
removed per unit time, which generally most of the soils are not able to 
supply. Hence, nutrient application from external sources as fertilizers 
becomes essential.  

Potassium increases the photosynthetic rates of crop leaves and 
carbon dioxide (CO2) assimilation, and facilitates carbon movement 
(Sangakkara et al. 2000). Elevated carbohydrate concentrations remaining in 
source tissue, such as leaves, appeared to be part of the overall effect of K 
deficiency in reducing the amount of photosynthate available for reproductive 
sinks, thereby causing changes in lint yield and fiber quality in cotton 
(Pettigrew 1999). Although K+ is not a constituent of any organic molecule or 
plant structure, it is involved in numerous biochemical and physiological 
processes vital to plant growth, yield, quality and stress (Cakmak 2005). In 
addition to stomatal regulation of transpiration and photosynthesis, K+ is also 
involved in photophosphorylation, transportation of photoassimilates from 



Arafa, A. A. et al. 

 16 

source tissues via the phloem to sink tissues, enzyme activation, turgor 
maintenance, and stress tolerance (Pettigrew 2008). Adequate K+ nutrition 
has also been associated with increased yields, fruit size, increased soluble 
solids and ascorbic acid concentrations, improved fruit color, increased shelf 
life, and shipping quality of many horticultural crops (Kanai et al. 2007). 
Effective micro-organism (EM) as a biofertilizer was first used in Japan by 
Higa (1995). It promotes germination, flowering, fruiting and ripening, 
improves physical, chemical and biological environments of the soil and 
suppresses soil borne pathogens and pests. Furthermore, it enhances he 
photosynthetic capacity of crops. 

Natural products, which contain phytohormones or exhibit hormone-
like activity, have received increasing attention for use as nutrients 
supplements in agriculture and horticulture (Ezzat et al., 2011; Farouk et al., 
2012). Seaweed extracts (Ascophyllum nodosum Jol.) and humic acid (HA) 
are in common use as major components of vegetable and crop biostimulant 
formulations. Auxin and cytokinin-like activities of humic acids and identified 
in SE have been reported (Piccolo et al. 1992). These natural products have 
been shown to enhance plant growth (Farouk et al., 2012). Exogenous 
applications of seaweed extracts have been observed to increase the yield 
and productivity of crop plants, but the mechanisms for such responses 
remain largely unknown (Featonby-Smith and van Staden 1987). Application 
of HA as foliar application with or without fertilizer increased significantly 
photosynthetic pigments content, yield and its components of tomato plants 
(Farouk et al., 2012). Application of seaweed extract or humic acid plus 50% 
of recommended NPK significantly increased plant growth, yield and its 
components as well as tuber quality in potato plant (Ezzat et al. (2011). 
Therefore, the present investigation was planned to investigate the influence 
of various biostimulants (seaweed extract and humic acid) or effective 
microorganisms on certain growth characters, carbohydrate and ion 
percentage in the shoots of potato plant grown under potassium fertilization. 

 
MATERIALS AND METHODS 

 
Two field experiments were conducted during the two successive 

winter seasons of 2007/2008 and 2008/2009 at the EL-Maniel village, 
Dakahlia Governorate to study the effect of effective microorganisms, 
biostimulants, and potassium levels as well as their combinations on certain 
growth characters, carbohydrate and ion percentage in the shoots of potato 
plant. 

SSooiill  ssaammpplleess  aanndd  aannaallyyssiiss::  Twenty surface samples (0-20 cm depth) were 
taken at ten different locations. The experimental soil was air dried, 
grounded, mixed and kept in plastic bags for the analyses. The mechanical 
and chemical analyses of the soil used were carried out in the two growing 
seasons and presented in Table (I). 

PPllaanntt  MMaatteerriiaall,,  EEMM,,  HHuummiicc  aacciidd,,  aanndd  SSeeaawweeeedd  EExxttrraacctt::  Potatoes tubers; cv 
Spunta (imported from Holland) were used in the present investigation and 
obtained from Agric. Res. Center (ARC), Ministry of Agric., Egypt. Tubers 
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were divided to pieces, averaging approximately 50 g weight. As 
recommended by the Pathology Dept. Ministry of Agric. Egypt, potato tubers 
pieces were sterilized with Vitavax Kapetan 1% at the rate of 1.25 kg/ton. 
 
Table (1): Mechanical and chemical soil characteristics at the 

experimental sites during 2007/2008 and 2008/2009 

Physical 
properties 

Value 
Chemical 
properties 

Value Available 
nutrients  
(mg Kg-1) 

Value 

1st 
season 

2nd 
season 

1st season 
2nd 

season 
1st 

season 
2nd 

season 

Sand % 21.0 21.1 
Field capacity 

% 
32 33 Nitrogen 19 18 

Silt% 32.3 33.0 EC(dSm-1) 1.64 1.70 phosphorous 8 7 

Clay % 46.0 45.8 pH (Soil paste) 7.82 7.75 Potassium 140 135 

Soil texture clay  
Organic matter 

(%) 
2.69 2.80    

 
Effective micro-organisms were used under the name of EM which 

consists of a mixed culture of beneficial micro-organisms primarily 
photosynthetic and lactic acid bacteria, yeast and streptomycetes. The 
number of each component was recorded in table (2) 
 
Table (2): Components of EM used in the experiments 

Total bacterial Lactic acid bacteria Yeasts Streptomycetes 

2.5-9.6 x 104 cfu/ml 6.6-9.9 x 106 cfu/ml 105 - 106 cfu/ml 8.5 x 103 cfu/ml 

 
An extract from brown seaweed (Acadian Seaplants, Dartmouth, 

Nova Scotia, Canada) prepared by a proprietary process. Seaweed extract is 
derived by an alkaline hydrolysis procedure from the fresh, intact 
Ascophyllum nodosum and 100% soluble in cold water. Seaweeds contained 
all the trace elements and plant growth hormones vitamins, amino acids, 
antibiotic and micronutrients (Crouch and Van Staden, 1993). Also seaweed 
extract contained protein/amino acids 3–5%, lipid 1%, alginic acid 12–18%, 
fucose-containing polymers 12–15%, mannitol 5–6%, other carbohydrates 
10–15% (Acadian Seaplants Limited, Dartmoth, Nova Scotia, Canada), As 
described by Fike et al. (2001).   
EExxppeerriimmeennttaall  ddeessiiggnn::  Farm yard manure has been added during soil 
preparation in organic fertilization at dose (40 m3/fed.). The experiment 
comprised of 18 treatments including three different rates of potassium 
fertilizers used individually or in combinations with EM and biostimulants 
(Humic acid or seaweed extract). A randomized complete block design in 
factorial arrangement was used with three replicates. Each plot was  7.2 m2 
(2.25 x3.20 m2) included three ridges, each three meters long and 70 cm 
apart; the distance between hills was 30 cm apart.  

PPllaannttiinngg  pprroocceedduurree::  Potato tuber cv. Spunta was planted in the ridges at 12-
15 cm in depth (30-40 cm apart) on October 27th in the first season 
2007/2008 and on November 9th in the second season 2008/2009 
respectively. Potassium (K) levels occupied the main plots, while the effective 
microorganisms (EM) were assigned to the sub-plots, in each EM sub-plot 
the plants were divided into three groups which sprayed with either water 
(W), seaweed extract (SW) or humic acid (HA). The plot area was 7.2 m2 
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Leaf area (cm)2 per plant = Disk area of 10 disks (cm2) x fresh weight of the leaves 

Fresh weight of 10 disks

ridged 70 cm apart. As recommended by the Agric. Res. Center, Egypt, 
Nitrogen fertilizer was added at three equal portions, the 1st was applied after 
emergence (18-21 days from planting),  in the form of ammonium sulphate 
(20.5 %), then two and four weeks later in the form of ammonium nitrate (33.5 
%) at the rate of 180 Kg N/ fed. Phosphorous and potassium were applied 
during the soil preparation in the form of calcium superphosphate (15.5% 
P2O5) and potassium sulphate (48 % K2O) at rate of 75 kg P2O5/fed and 20 
kg K2O fed-1 respectively. The respective EM treated plots received dilute EM 
solution 2 liter/m2 before the first irrigation. Potassium fertilizers applied at 
three levels 0, 40 and 80 kg K2O fed-1 using potassium sulphate (48 % K2O). 
The quantity was divided into two equal doses to be added before the first 
irrigation and before the second irrigation. Plants were sprayed with an 
aqueous solution of SW or HA two times at 60 and 75 days from planting. 
Irrigation was done immediately. All usual cultural practices of potatoes 
cultivation were carried out according to the procedures that recommended 
by the Ministry of Agric. Egypt. 

SSaammpplliinngg  ddaatteess  aanndd  ddaattaa  rreeccoorrddeedd::  One plant sample was taken 
throughout the experimental period during the two growing seasons, for the 
growth characters and estimation of both carbohydrate and ion 
concentrations as well as leaflet anatomy coincide as best as possible at the 
physiological stage of 22 foliage leaves; dated at the active growth period 
(after 90 days from planting). Three plants were chosen randomly and 
carefully taken out of the soil with the aid of a water stream to insure minimal 
losses of the root system and the tubers if present. Shoots were divided into 
stems and leaves. Shoot length (cm) of the aerial main stem, started from the 
soil surface to plant apex. Numbers of branches and leaves per plant leaf 
area per plant (cm2), calculated as presented below were recorded. Leaf area 
per plant calculated based on area unit using disk method according to 
(Koller, 1972). Briefly, samples of ten disks were taken from the 3rd fresh leaf 
from plant tip and estimated their area. Leaf area per plant was calculated in 
square centimeters (cm2) using the following equation: 

 

 
 
Total carbohydrates concentration: The dried leaves were extracted by 
adding sulphoric acid (1N) in boiling water bath for 5 h. then filtration through 
whatman number 42 filter papers. The total carbohydrates were determined 
by phenol-sulphoric acid methods as described by Sadasivam and Manickam 
(1996). For ion percentage, ground dried stem, leaf and tuber samples were 
wet digested with HClO3/H2SO4 until the solution was clear, cooled, and 
brought to volume at 100 ml using deionized water and kept for 
determinations. Nitrogen was determined calorimetrically by Nessler’s 
methods as described by Gedroits (1963), phosphorous was determined 
spectrophotometrically (Spekol 11, Uk) by the methods described by Cooper 
(1977) using ammonium molybdate and ascorbic acid. Potassium was 
determined flame photometrically using Jenway Flamephotometer model 
CORNING 400 (UK). 
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SSttaattiissttiiccaall  aannaallyyssiiss::  
Data were subjected to statistical analysis of variance according to 

Norman and Streiner, 2003. LSD value was used to test the difference 
between treatment means at 5%. 

 

RESULTS  
 
Shoot Length: Data illustrated in figure (3) show that increasing potassium 
fertilizer rate significantly increased potato shoot length in both seasons. 
Potassium fertilizer at 40 kg K2O/fed gave the highest values since increased 
shoot length from 56.60 cm and 57.55 cm to 63.05cm and 64.11cm in both 
growing seasons respectively. The same trend was apparent due to addition 
of effective microorganisms to potato shoot in both seasons, where shoot 
length increased from 58.59 cm and 59.18cm to 60.77cm and 61.59 cm in 
both growing seasons respectively. Regarding the effect of biostimulants, the 
data illustrated in figure (1) reveal that potato shoot length was significantly 
increased by spraying both biostimulants, in particular, seaweed extract 
which gave the highest value in this respect in both seasons.  

Figure (1): Shoot length (cm) of potato plant as affected by potassium fertilizer, 
biostimulants or effective microorganisms at 90 days from planting 
in both season (SE, Seaweed extract; HA, Humic acid) 

 

Table (3): Shoot length (cm) of potato plant as affected by the 
interactions between potassium fertilizer (A), effective 
microorganisms (B) and biostimulants (C) at 90 days from 
planting during the first and second season  

Treatment 

First season 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 49.66 59.33 55.33 52.00 61.00 57.00 

SE 59.66 64.66 60.33 60.33 65.66 63.66 

HA 57.00 63.66 57.66 60.33 64.00 63.00 

LSD 5% A  3.067 B 2.056 C 3.179 ABC NS 

Second season 

Water 52.33 59.00 54.00 53.66 62.33 57.33 

SE 60.00 66.33 60.66 61.00 67.66 63.33 

HA 57.66 64.33 58.33 60.66 65.00 63.33 

LSD 5% A 2.640 B 1.106 C 1.937 ABC NS 

(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
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Concerning the interactions effects, the data presented in table (3) 
indicate that application of either seaweed extract or humic acid with or 
without an addition of effective microorganisms under all potassium levels did 
not-significantly increased shoot length in both seasons compared with 
untreated one. It is clear also from the same table that seaweed extract 
caused a significant increase in potato shoot length grown under moderate 
potassium level and inoculation with effective microorganisms which gave the 
best results in this respect. 
Branches number per plant: Data illustrated in figure (2) indicate that 
addition of potassium fertilizer rate from 20 kg K2O/fed (control) to 80 kg 
K2O/fed significantly increased branches number per plant. The highest 
number was obtained due to 40 kg K2O/fed. The same trend was obtained 
due to addition of effective microorganisms to potato plants. The same figure 
also reveals that application of biostimulants, in particular, seaweed extract at 
500 mg/l significantly increased branches number per plants. Spraying potato 
plants with seaweed extract gave the highest number of branches per plant 
(8.16 and 8.50 branches/plant) as compared with humic acid (7.72 and 7.88 
branches/plant) as well as control (6.44 and 6.38 branches/plant) during the 
two growing seasons. 

Figure (2): Branches number per potato plant as affected by potassium 
fertilizer, biostimulants or effective microorganisms at 90 
days from planting in both season  (SE, Seaweed extract; 
HA, Humic acid) 

 
Table (4):Branches number per of potato plant as affected by  the 

interactions between potassium fertilizer (A), effective 
microorganisms (B) and biostimulants (C) at 90 days from 
planting during the first and second season  

Treatment 

First season 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 4.66 7.00 5.33 5.00 8.00 6.00 

SE 7.00 9.00 7.33 8.00 9.33 8.33 

HA 6.33 8.66 6.66 7.66 8.66 8.33 

LSD 5% A 1.486 B 0.684 C 0.592 ABC NS 

Second season 

Water 4.33 7.00 5.66 5.00 8.66 5.66 

SE 7.33 9.66 7.33 8.00 9.66 9.00 

HA 6.00 9.00 6.66 7.66 9.33 8.66 

LSD 5% A 1.302 B 0.892 C 0.668 ABC NS 

(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
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Data presented in Table (4) show that spraying potato plants with 
biostimulants under addition of effective microorganisms with or without 
potassium fertilizers rate significantly increased the number of branches per 
plant. The highest number of branche per potato plant in both season was 
obtained under the treatment of foliar application of 500 mg/l seaweed extract 
under addition of effective microorganisms with addition of 40 kg K2O/fed 
(9.33 and 9.66 branches per plant) as compared with control plants which 
gave the lowest branches number per plant in both growing season (4.66 and 
4.33 branches/plant) respectively. 
Leaf number per plant: The data presented in Table (5) and illustrated in 
Figure (3) show that the number of leaves per plant was significantly 
increased due to application of potassium fertilizer, effective microorganisms 
and biostimulants application as compared with untreated plants in such 
case. The highest values of leaf number in both seasons were obtained due 
to application of 40 kg/fed K2O, and addition of effective microorganisms as 
well as 500 mg/l seaweed extract. As regard to the interaction effect of 
potassium fertilizer rate, effective microorganisms and biostimulants 
application, the data presented in Table (7) cleary indicate that all interactions 
in both growing season non-significantly increased leaf number per plant. The 
highest values in both seasons were obtained due to addition 40 K2O kg/fed 
with addition of biostimulants and foliar spraying with seaweed extract.  

Figure (3): Leaf number per potato plant as affected by potassium 
fertilizer, biostimulants or effective microorganisms at 90 
days from planting in both season (SE, Seaweed extract; HA, 
Humic acid) 

 
Table (5): Leaf number per potato plant as affected by the interactions 

between potassium fertilizer (A), effective microorganisms 
(B) and biostimulants (C) at 90 days from planting during the 
first and second season  

Treatment 

First season 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 31.6 39.3 36.6 36.0 44.6 37.3 

SE 41.0 60.0 42.6 44.0 65.0 47.3 

HA 37.6 51.3 37.6 45.0 54.3 46.6 

LSD 5% A 6.678 B  3.015 C  3.847 ABC NS 

Second season 

Water 22.6 43.0 25.6 24.3 45.6 33.6 

SE 43.3 51.3 44.3 45.6 56.0 49.0 

HA 37.0 49.0 41.3 45.3 51.0 49.0 

LSD 5% A  8.111 B 2.834 C 2.297 ABC  NS 

(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
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Leaf area per plant: Data illustrated in figure (4) and presented in table (6) 
show that leaf area per plant at 90 days from planting significantly increased 
with increasing potassium levels up to 80 kg K2O/fed. The highest leaf area 
(890 and 1050 cm2/plant) was obtained due to addition of 40 kg K2O/fed 
thereafter tended to decrease but still more than control (484- 546 cm2/plant). 
Regarding the effect of biostimulants on leaf area per plant, the data 
illustrated in the same figure clearly show that either SE or HA application 
significantly increased leaf area per plant in both seasons. SE proved to be 
more effective than HA in this respect, where foliar application of 500 mg/l SE 
increased leaf area per plants from 454- 559 cm2 to 806- 944 cm2 in the first 
and second season. As regard, to the effect of addition of EM to potato plants 
the same figure indicates that addition of EM increased leaf area per plant in 
both season. 
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Figure (4): leaf area per potato plant (cm2) as affected by potassium 
fertilizer, biostimulants or effective microorganisms at 90 days from 
planting in both season (SE, Seaweed extract; HA, Humic acid) 
 
Table (6): leaf area per potato plant (cm2) as affected by the interactions 

between potassium fertilizer (A), effective microorganisms 
(B) and biostimulants (C) at 90 days from planting during the 
first and second seasons  

Treatment 

First season 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 389 498 407 399 580 453 

SE 514 1119 522 573 1356 753 

HA 464 796 491 565 990 737 

LSD 5% A  39.97 B   36.18 C  24.44 ABC   NS 

Second season 

Water 399 563 511 443 892 545 

SE 594 1352 608 674 1505 935 

HA 556 950 557 609 1040 910 

LSD 5% A   14.50 B   26.92 C   44.68 ABC   109.45 
(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 

 
As regard to the interactions between potassium levels, occurrence 

of EM and spraying plants with biostimulants, the data in Table (9) show that 
foliar application of biostimulants, in particular, 500 mg/l SE, to the plants 
grown under potassium levels and occurrence of EM significantly increased 
leaf area per plant. The best results were obtained due to spraying plants 
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with SE under an addition of EM to the soil containing moderate potassium 
levels (40 kg K2O/fed) which increased leaf area per plant from 389- 399 cm2 
to 1356- 1505 cm2 in both seasons respectively. 
Carbohydrate concentration: Data illustrated in figure (5) clearly indicated 
that all applied treatments significantly increased carbohydrates 
concentration in both leaves and stems during the second season as 
compared with untreated plants. The same figure cleary showed that an 
addition of potassium fertilizer, in particular, 40 kg K2O/fed significantly 
increased total carbohydrates in both leaves and stems (96.22 and 83.61 
mg/g DW respectively) as compared with control plants which gave 20 kg 
K2O/fed. (71.87 and 57.95 mg/kg DW). Foliar application with either SE or HA 
significantly increased total carbohydrate concentration in both leaves and 
stems as compared with control. SE proved to be more effective than HA in 
increasing the concentration of total carbohydrates in leaves and stems. 
Concerning the effective microorganisms, the data illustrated in the same 
figure indicated that an addition of EM to the plants increased total 
carbohydrates concentration from 76.99 and 63.39 mg/g DW to 87.54 and 
74.80 mg/g DW for leaf and stem respectively in the second season.  
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Figure (5):Total carbohydrate concentration (mg/g DW)  in both leaves 

and stems  of  potato plant as affected by potassium 
fertilizer, biostimulants or effective microorganisms at 90 
days from planting during the second growing  season (SE, 
Seaweed extract; HA, Humic acid) 

 
Table (7): Total carbohydrates concentration (mg/g DW) in both leaves 

and stems of potato plant as affected by the interactions 
between potassium fertilizer (A), effective microorganisms 
(B) and biostimulants (C) at 90 days from planting during the 
second growing season  

Treatment 

Leaves 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 53.27 74.79 62.78 58.66 90.24 65.28 

SE 77.37 103.60 80.57 88.08 107.56 96.75 

HA 68.71 99.29 72.52 85.11 101.86 94.29 

LSD 5% A  0.4216 B  0.2682 C  0.5359 ABC 1.3126 

Stem 

Water 34.56 62.32 50.23 46.10 77.53 52.35 

SE 64.09 91.47 66.86 75.22 94.55 84.96 

HA 55.73 86.62 58.62 71.98 89.16 81.38 

LSD 5% A 1.9205 B 1.3484 C 1.0391 ABC 2.5450 

(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
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Regarding the interactions, the data presented in Table (7) showed 
that there is a significant increase in total carbohydrates concentration in both 
leaves and stems due to the interactions between the studied factors. The 
highest value was obtained due to inoculated potato plants with EM 
supplemented with 40 Kg K2O/fed and spraying the plant shoots with 
seaweed extract. This treatment gave 107.56 and 94.55 mg/g DW for leaf 
and stem as compared with control plant (53.27 and 34.56 mg.g DW for leaf 
and stem) respectively. 
Ion percentage: It is clear from the results presented in Tables (8-10) and 
illustrated in Figures (6-8) that nitrogen, phosphorous and potassium 
percentage in leaf and stem were significantly increased due to an addition of 
potassium fertilizer levels. The highest values of nitrogen and phosphorous 
were recorded due to 40 kg K2O/fed in either leaf or stem of potato plants. 
Meanwhile, potassium percentage in leaf and stem significantly increased 
with increasing potassium doses and the highest value was obtained due to 
80 Kg K2O/fed.  
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Figure (6): Nitrogen percentage  in both leaf and stem  of  potato plant 

as affected by potassium fertilizer, biostimulants or effective 
microorganisms at 90 days from planting in the second 
growing  season (SE, Seaweed extract; HA, Humic acid) 

 
Table (8): Nitrogen percentage in both leaf and stem  of  potato plant as 

affected by the interactions between potassium fertilizer (A), 
effective microorganisms (B) and biostimulants (C)  at 90 
days from planting during the  second growing season  

Treatment 

Leaves 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 2.155 2.43 2.231 2.193 2.805 2.303 

SE 2.523 3.404 2.569 2.694 3.607 2.949 

HA 2.317 3.063 2.375 2.607 3.232 2.867 

LSD 5% A 0.0463 B 0.0200 C 0.0154 ABC 0.0376 

Stem 

Water 1.135 1.531 1.274 1.198 1.790 1.374 

SE 1.596 2.061 1.645 1.733 2.131 1.898 

HA 1.452 1.981 1.501 1.677 1.998 1.842 

LSD 5% A  0.0098 B 0.0058 C 0.0175 ABC 0.0432 

(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
 

As regard to the effect of biostimulants on ion percentage in potato 
leaf and stem, the data illustrated in Figures (6-8) indicated that exogenous 
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application of both biostimulants, in particular, seaweed extract significantly 
increased ion percentage. The highest values of nitrogen, phosphorous and 
potassium in both leaf and stem (2.958 and 1.844; 1.067 and 0.736; 2.595 
and 2.156%) were obtained due to seaweed foliar application, comparing with 
untreated control plant (2.353 and 1.384; 0.647 and 0.533; 2.338 and 1.875% 
respectively). Concerning the role of effective microorganisms on ion content, 
the same figure clearly proved that an addition of EM to potato plants 
significantly increased ion percentage in both leaf and stem during the 
second season. 
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Figure (7): Phosphorous percentage  in both leaves and stem  of  potato 

plant as affected by potassium fertilizer, biostimulants or 
effective microorganisms at 90 days from planting in the 
second growing season (SE, Seaweed extract; HA, Humic 
acid) 

 
Table (9): Phosphorous percentage   in both leaves and stem  of  potato 

plant as affected by the interactions between potassium 
fertilizer (A), effective microorganisms (B) and biostimulants 
(C)  at 90 days from planting during the second growing 
season 

Treatment 

Leaves 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 0.461 0.738 0.564 0.464 1.082 0.572 

SE 0.755 1.333 0.803 0.968 1.370 1.174 

HA 0.577 1.233 0.698 0.847 1.275 1.157 

LSD 5% A  0.7852 B  0.0398 C  0.0612 ABC 0.1503 

Stem 

Water 0.392 0.570 0.520 0.476 0.717 0.525 

SE 0.575 0.836 0.600 0.676 0.913 0.815 

HA 0.553 0.816 0.558 0.654 0.820 0.731 

LSD 5% A 0.0588 B 0.0339 C 0.0429 ABC 0.1068 
(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 
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Figure (8):Potassium percentage  in both leaves and stem  of  potato 

plant as affected by potassium fertilizer, biostimulants or 
effective microorganisms at 90 days from planting in the 
second growing season (SE, Seaweed extract; HA, Humic 
acid) 

 
Table (10): Potassium percentage in both leaves and stem  of  potato 

plant as affected by the interactions between potassium 
fertilizer (A), effective microorganisms (B) and biostimulants 
(C)  at 90 days from planting during the second growing  
season 

Treatment 

Leaves 

- EM + EM 

K20 K40 K80 K20 K40 K80 

Water 1.893 2.307 2.492 2.124 2.576 2.639 

SE 2.061 2.439 2.964 2.250 2.786 3.069 

HA 1.987 2.376 2.933 2.208 2.691 3.006 

LSD 5% A  0.1224 B 0.0820 C 0.0855 ABC NS 

Stem 

Water 1.252 1.903 2.092 1.651 2.145 2.208 

SE 1.557 2.040 2.450 1.809 2.345 2.733 

HA 1.452 1.945 2.397 1.725 2.282 2.544 

LSD 5% A 0.8715 B 0.0692 C 0.0639 ABC NS 
(K20, 20 kg K2O/ fed; K40, 40 kg K2O/ fed; K80, 80 kg K2O/ fed; SE, seaweed extract; HA, 
humic acid) 

 

DISCUSSION 
 

Potassium has a crucial role in the energy status of the plant, 
translocation and storage of assimilates and maintenance of tissue water 
relations (Marschner, 1995). Potassium application, in particular, 40 kg 
K2O/fed improved all vegetative plant growth parameters under the condition 
of the present investigation. These results are confirmed with the result of 
Ahmed et al. (2009), and recently by Bhattacharyya et al. (2009) who 
indicated that application of 180 kg K2O/ha recorded higher values of growth 
attributes like number of leaves per plant, number of stems per plant, ground 
coverage (%), number of stolons per plant and total tuber yield. In an earlier 
study, Huber (1985) reported that K+ affects photosynthetic capacity 
positively because of the dependence of protein synthesis and developmental 
processes on K+. The obtained results of this study are in agreed with results 
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of Ashraf et al. (2002), who found an increase in leaf area approximately of 
20 percent with the application of potassium. Moreover, application of K 
increased the availability of nitrogen and phosphorus (Sahai, 2004) which 
resulted in better plant growth and more number of branches per plant. 
Hanolo and Pulung (1994) have also reported that number of branches per 
plant in pea increased with increasing K rate. The present investigation 
indicated that addition of EM increased, in most cases, growth parameters of 
potato plants. The presented results are in agreement with those found by 
many authors, i.e. Muthaura et al. (2010) on pigweed indicated that 
application of EM increased shoot height (cm), leaf number per plant, stem 
diameter, leaf area (cm2), root dry weight (g), meanwhile decreased leaf fresh 
weight (g), root fresh weight (g), leaf dry weight (g). The improvement in 
growth characters may be attributed to the fact that the use of EM enhances 
the beneficial microbes in the environment (Higa, 2000), which attributed to 
the profound effect of a) its ability to release plant growth promoting 
substances which might be stimulated plant growth, b) synthesis of some 
beneficial organic acids, bioactive substances and vitamins, c) increasing 
amino acids content (Schank et al., 1981), d) increasing in the water and 
mineral uptake from the soil leading to improving the availability and 
acquisition of nutrients from the soil due to increases in root surface area, 
root hairs and root elongation (Sundaravelu and Muthukrishinan, 1993), e) 
increasing the ability to convert nitrogen to ammonium and thus make it 
available to plant, f) enhancing the production of biologically active 
fungistatical substances which may change the microflora in the rhizosphere 
and affect the balance between harmful and beneficial organisms (Apte and 
Shende, 1981), and g) improve the photosynthetic efficiency due to an 
increase in nutrient availability. It is well known that from the present 
investigation application of humic acid significantly increased plant growth 
characteristics. Our results were confirmed with Saif El-Deen et al. (2011) on 
sweet potato and Farouk et al. (2012) on tomato plants. The mechanism by 
which humic acid stimulate plant growth are not fully clear, although there are 
some theories which probably work together. In general, humic acid have two 
important roles for the development of plants, either directly or indirectly 
(Nardi et al., 1996) but the mechanism still remain unclear. So far hormone-
like substances have been elucidated to understand the mechanism of humic 
substances in plant metabolism (Muscolo et al., 1999) through their 
involvement in cell respiration, photosynthesis, oxidative phosphorylation, 
protein synthesis, and various enzymatic reactions (Zhang et al., 2003). The 
obtained results in the present investigation showed an increase in potato 
plant growth due to seaweed extract. Similar results have been reported on 
okra (Zodape et al., 2008). Recently, Zodape et al., (2011) found that foliar 
application of seaweed extract on tomato shoot increased plant growth 
represented as plant height, root length over control plant. The additive 
effects of enhanced nutrient uptake and regulatory action of plant growth 
substances contained in the seaweed extract are possible factors in the 
obtained responses (Crouch and Van Staden 1993). As well as due to the 
presence of Phenyl Acetic Acid (PAA) and other closely related compounds 
(P-CH-PAA) in the SE (Taylor and Wilkinson, 1977). The positive effect of SE 
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on plant growth may be due to its effect on increasing phosphorous uptake 
and content as recorded in the present investigation. Phosphorous is an 
essential nutrient and it plays an important role in the biosynthesis and 
translocation of carbohydrates and is necessary in stimulating cell division 
and the formation of DNA and RNA (Nijjar, 1985). 

An addition of potassium fertilizers increased total carbohydrates 
concentration in both leaves and stems. This observation was confirmed with 
some investigation reported by Westermann et al. (1994a,b) who indicated 
that application of potassium fertilizers increased significantly all 
carbohydrates fractions especially total carbohydrates in plant shoots and 
leaves. Moreover, foliar application of seaweed extract on potato shoot 
significantly increased total carbohydrates concentration. 

Application of potassium fertilizer under the present investigation 
resulted in better ion percentage in either leaf or stem. This observation was 
confirmed with El-Sirafy et al. (2008) who indicated that addition of potassium 
fertilizer significantly increased N, P and K % in potato shoots. The positive 
effect of EM on the nutritional status of potato leaves may be due to that EM 
contains primarily photosynthetic and lactic acid bacteria, yeast, 
actinomycetes that can be applied through the inoculation to increase the 
microbial diversity of the soil, this in turn can improve soil quality and 
increased significantly the efficacy of the uptake of elements. There is ample 
evidence that the mode of action of many EM is by increasing the availability 
of nutrients for the plant in the rhizosphere (Rodriguez and Fraga, 1999). The 
method by which these increases take place involves solubilization of 
unavailable forms of nutrients and/or siderophore production which helps 
facilitate the transport of certain nutrients (notably ferric iron). The favorable 
effect of EM on P content may be due to its fundamental role in converting 
fixed P form to be available for plant nutrition making the uptake of nutrients 
by plants more easy (Abou-Hussein et al., 2002). The increase in potassium 
content in the shoot system under EM reflects an enhanced growth which 
might be possibly due to the role of microorganisms in increasing K-uptake 
(El-Shahawy, 2003).The effects of humic substances on ion absorption by 
plant roots are not easily explainable, owing to the complex and still unknown 
nature of these substances. It has been shown that HA stimulated carrier-
protein synthesis in barley roots at a post-transcriptional level (Dell’Agnola et 
al., 1981). It is well known from some reports presented previously that 
application of HA  increased the water consumption by plants accompanied 
with the increase of the nutrient uptake which is known to be involved in plant 
growth by increasing the permeability of membrane of the root cells (Valdrighi 
et al., 1996) due to improving root growth and development where application 
of HA stimulate root growth, increased proliferation of root hairs, production of 
smaller but more ramified secondary roots and enhancement of root initiation 
(Canellas et al., 2002). This hypothesis was confirmed by significant increase 
in nitrogen, phosphorous and potassium in treated plant. HA have been 
reported to stimulate root growth and enable better uptake of nutrients by 
increasing the permeability of membranes of the root cells (Valdrighi et al., 
1996). The present investigation showed that seaweed extracts increased ion 
content in potato shoot. The obtained results are in conformity with those 
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reported by (Zodape et al., 2011) on nutrient uptake with application of 
seaweed extract. Verkleij (1992) reported an increase in ion uptake with 
application of SE due to increasing membrane permeability of roots, leaves 
and stoma cells, and hormone-like activities of SE through their involvement 
in cell respiration, photosynthesis, and enzymatic reactions. 
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تأأير التستيأأا بلتسسيتويأأنليتساالأأووةلتسل ي أأتليتسقوقاأأوةلتسب  لأأتلتسو وسأأتل  أأنلتسااأأيل
 يتسقاسيه باتةليايستلتال ياوةلفنلتساجايعلتسخضايلساسوةلتسسوووس

لهوجاللهوبلجوبلالابليلالابللي نلي ـبلفوايق افتلألابل افت،ل
ل،لاصا يملتساسوةلتسزات ى،لق  تلتسزات ه،لجوا هلتسااصياة

 

كجم اكسييد بوتاسييومف ايدال اليي زييادة مع ويي   80يادة معدل التسميدالبوتاسي حتي أدت ز
للمحتيو  ايييو ي ايي المجميوخ ال  يب  اي ال مو ومسيتو  الكببويييدبات وكي لل ال سيب  الم ويي  

 40للبطاطس مقاب   بالك تبول عليي ميداب موسيمي ال ميون كا يت اعليي القييم  تيجي  المعاملي  بمعيدل 
 ل موسمي ال مو مقاب   بالك تبولبوتاسيومفادال  الكجم اكسيد 

إ اا  الكا  ات الدقيق  الفعال  وك لل المعاملي  بالم طيطات الحيويي   امي  مسيت لا أعطيار البحيب 
أدت الي زيادة مع ويي  ايي  ميو المجميوخ ال  يب  ومحتيواة ميل الكببويييدبات واييو يات مقاب ي  

 بالك تبول  الل موسمي ال مو.
بايطابة الي معامالت التفاعل اإل المعامل  بالم ططات الحيوي   ام  أعطار البحيب ادت 
الي زيادة مع ويي  ايي ال ميو ال  يب  ومحتيواة ميل الكببويييدبات واييو يات و ليل تحيت  يبو  

 التسميد البوتاسي سواء ع د ا اا  او عدم ا اا  الكا  ات الدقيق  الفعال . 
كجييم اكسيييد بوتاسيييومفادال ميي  ا يياا   40د المعامليي  بمعييدل  تييم تحقيييل اعلييي القيييم ع يي

ملليبامفلتيييب ميييل مسيييت لا أعطيييار البحيييب مقاب ييي   500الكا  يييات الدقيقييي  وبا ال باتيييات بمعيييدل 
 بالك تبول  الل موسمي ال مو.

 
ل وملستلق ملتسسلث

 

 

لجوا تلتسااصياةل–ق  تلتسزات تللااضونل سبلتساا ملفيبهأ.بل/ل
لتسلوهاهلجوا تل–ق  تلتسزات تللس ز زلاصواالابل سبلتأ.بل/ل


