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ABSTRACT 
         Two field experiments were carried out during the two seasons of 2016 and 2017 at the 
experimental station of National Research Centre, Beheira Governorate (North of Egypt) to 
investigate the effect of organic cattle manure fertilizer at rates of (0, 10 and 20 m3/fed.) as well as 
foliar application of potassium fertilizer at (0, 1 and 2 cm/L) for influence plant growth, roots physical 
and chemical quality of beet root plants c.v. Balady. The traits related to production evaluated were: 
1- Adding cattle manure fertilizer at high levels (20 m3/fed.) had a significant increased growth 
characters, i.e. plant length, number of leaves/plant, fresh and dry weight/plant as well as root fresh 
and dry weight and its components (root length and diameter). Also, gave the highest percentage of 
total sugar, vitamin C and TSS contents.  
2- By increasing concentration of potassium increased growth characters, root yield parameters and 
increment the percentage of total sugar, vitamin C and TSS contents of beet root tissues.  
3- The highest values of the growth characters, roots parameters and the percentage of total sugar, 
vitamin C and TSS contents in beet root tissues were associated with that plants received higher cattle 
manure level (20 m3/fed.) with higher concentration of potassium (2 cm/L). 
 
Keywords: Beet root, cattle manure, potassium, growth, root yield, root quality. 

 
Introduction 
         Beetroot (also known by its colloquial name, "beets," or beta vulgaris) is a sweet, healthy 
vegetable loaded with antioxidants. It's actually these antioxidants, packed inside beetroot's red 
pigments that contain cancer-preventing and heart-protecting properties. Beetroot is generally easy to 
grow and is consistently ranked as one of the top 10 vegetables grown in home gardens.    
    All organic manures improve the behaviors of several elements in soils through that active group 
(fulvic and humic acids) which have the ability to retain the elements in complex and chelate form. 
These materials release the elements over a period of time and are broken down slowly by soil 
microorganisms. The extent of availability of such nutrients depends on the type of organic materials 
and microorganisms (Saha et al., 1998). Also, organic manure supplies the plants with many nutrients 
which improve the physical properties of the soil consequently improve the plant growth (Slawon et 
al. 1998) on radish plant and yield of both qualitatively and quantitavely. However, Marculescu et al., 
(2002) revealed that, the soil with its content in macro and microelements, enhanced by the use of 
organic fertilizers, play an essential role in the plants growing and development, in biosynthesis of the 
organic substances. In the same respect, Shafeek et al. (2003) on Japanese radish reported that 
increasing the rate of organic manure up to (40 m3/ fed.) resulted in the highest total roots yield and 
the highest values of crude protein, N,P and K as well as the heaviest seed production. Also it is very 
cheap and expressed cash money improving the income of farmer, in addition, uses this organic 
materials are safe for human health. However, Entesharil et al. (2012) on turnip plants reported that 
using organic compost reduces the negative effects of chemical fertilizer and increase soil fertility. 
The results showed that the germination, growth parameters (total chlorophyll content, fruit diameter, 
leaf number, leaf area, shoot fresh weight and dry weight) was significantly altered, especially with 
these root of plants in 20% organic compost. Moreover, El-Sherbeny et al. (2012) found that adding 
organic compost tea increased carbohydrate content of turnip roots. Also, Heba and Sherif (2014) 
found that compost manure as a soil drench alone or with yeast increased the N % and % P uptake 
rates, the values were 126%, 174% for N and 255%, 322% for P respectively. In addition, Aisha et al 
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(2014) found that adding organic manure at high rates (20 m3/fed.) had a significant effect on growth 
characters, i.e. plant length, number of leaves/plant, fresh and dry weight/plant as well as root fresh 
and dry weight and its components (root length and diameter). Also, gave the highest percentage of 
protein, N, P, K and Fe ppm as well as total carbohydrate percentage of turnip plants. However, 
Marques et al. (2010) evaluating rates (0 to 80 t ha-1) of cow manure on production of beetroot, 
cultivar Early Wonder, obtained greatest yield values at the highest rate. On the other hand, Felipe et 
al. (2015) reported that the rates of the organic manure do not affect the quality traits, but the rate of 
49 t ha-1 resulted in the maximum root yield. 
      Nowadays, potassium foliar application becomes a substantial operator for vegetables crops. 
However, farmers reduce the used amount to the minimum dosage or ignored using it because 
chemical potassium fertilizer became a high costly fertilizer in Egypt. In supplement use any other 
newly and frugal potassium source through foliar application to conquer such problem and to 
maximize their grid returning to cover the additional cost of this K fertilizer provenance. Foliar 
fertilization is further frugal than soil fertilization due to the competence and minimizes cost. The 
foliar mode of fertilizer application is commonly outshined because very little amounts of fertilizers 
are utilized per hectare. It also decreases the number of push through of the demand, that way 
reducing problem of soil density. Foliar application is also minimal probable to effect in ground water 
pollution. Jifon and Lester (2011) reported that foliar K thiosulfate (KTS) treatments achieve in higher 
plant tissue K levels, higher soluble solids levels, total sugars, and bioactive synthesis (ascorbic acid 
and β-carotene) on cantaloupe fruits. However, foliar spraying of K thiosulfate has been attached with 
increased yields, fruit size, improved soluble solids and ascorbic acid levels, improved fruit color, 
increased shelf life, and shipping quality of much horticultural crops Lester et al (2005 and 2006). 
However, foliar implementation of potassium increased the growth and yield of vegetable plants El-
Tohamy et al. (2011). Potassium in organic cheated form (potassium borate citrate and Humate) can 
be used as a frugal source for potassium and it could be used as foliar application. Moreover, it was 
reported by many investigators that they increased the plant growth, nutrient uptake and plant yield as 
well as quality Fathy and El-Hamady (2007). However, (Awatef, et al. 2015) reported that spraying 
onion plants with potassium thiosulfate at a rate of (2L\fed.) markedly increased plant growth, yield, 
and bulb quality as well as bulb chemical synthesis. Also, the favorable effects of the potassium on 
the growth, total yield and bulb parameters were obtained when onion plants fertilized with 300 kg 
/fed. as potassium sulfate plus high level of foliar application of potassium thiosulfate (2 L\fed.). In 
the same respect, Granjeiro et al. (2007) verified that potassium (K) was the most exported nutrient by 
the beet roots, equivalent to 93.2 kg ha-1 of K for yield of 33 t ha-1, this nutrient being accumulated 
more in roots than in shoot. Unlike the fertilizer recommendation for this vegetable crop, which 
considers the content of exchangeable K + present in the soil, the recommendation of K top dressing 
fertilization is not based on objective criteria, probably because there are no research about K in top 
dressing in Brazilian conditions. However, Felipe et al. (2015) presented that the K foliar fertilization 
did not affect the production traits; however, it increases the contents of K in shoot and root and the 
contents of non-reducing and total sugars. Thus, this work aimed to evaluate the production and 
quality of beetroot depending on the rates of organic manure at planting and K foliar fertilization 
levels. 
 
Materials and Methods 
 

Two field experiments were carried out at the experimental station of National Research Centre 
at Nubaria, Behira Governorate, Egypt during the two growing seasons of 2016 and 2017 in order to 
study the effect of the addition of different levels (cattle manure) (0, 10 and 20 m3/fed.) of organic 
manure with various concentrations of potassium foliar application at (0, 1 and 2 cm /L.) on 
vegetative growth, root yield characters and root quality of beetroot plants (Beta vulgaris L.) cv. 
Balady. The physical and chemical properties of organic manure (cattle manure) are shown in Table 
(1). The experimental site had a sandy soil texture with pH of 7.6, Ec of 0.19 and the organic matter 
was 0.21% with 14.00, 8.90 and 15.60 mg/100g soil of N, P and K respectively. Phosphorus (P2O5) 
and potassium (K2O5) were applied 50 and 100 kg/fed. each at the time of soil preparation. Seeds of 
beetroot were obtained from Horticultural Research Institute, Agriculture Research Center. 
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Table 1: Chemical composition of the applied organic manures (cattle manure) 

pH Ec 
C N P K Fe Mn Zn Cu 

% ppm 
7.5 14.1 7.9 0.32 0.41 0,85 650 135 105 11 

 
And sown on September 20th and 26th in 2016 and 2017, respectively. The area of experimental plot 
was 10.5 m2. Every plot consisted of 5 dripper lines 3m in length and 0.7m in width. Seeds were sown 
in hills 10 cm apart on one side of dripper lines and two seeds per hill. The normal agriculture 
practices of beetroot under drip irrigation system were followed according to the recommendations of 
Agriculture Ministry. The levels for organic manure fertilizer was applied during soil preparation in a 
split plot design with three replicates, organic manure treatments occupied the main plots, while foliar 
application of potassium were distributed randomly in the sub plots. However, foliar spraying of 
potassium (potassium thiosulfate (KTS) was applied after 20 days from sowing date, every 10 day's 
intervals for three times. This experiment included 9 treatments which included all combinations 
between the three levels of organic manure fertilizers (0, 10 and 20 m3/ fed.) with three potassium 
levels (0, 1 and 2 cm\L.). At the vegetative growth stage, random samples of five plants from each 
plot were taken 60 days from sowing for determination of plant length (cm), number of leaves per 
plant as well as, fresh and dry weight (g) of leaves /plant. Also, root organs (fresh and dry weight) and 
some physical properties of root (diameter and length) were measured. However, total sugar, ascorbic 
acid and TSS % were determined according to AOAC (1975). 

All obtained data were subjected to the statistical analysis and means were compared according 
to LSD at 5% level test described by Gomez and Gomez (1984).  
 
Results and Discussion  
 
Vegetative growth characters:  
 
1-Effect of organic fertilizer levels:  

The results reported in Table (2) showed that adding both levels of organic manure (cattle 
manure) significantly increased the different growth characters expressed as (plant length, number of 
leaves /plant, fresh and dry weight of leaves/plant) in 2016 and 2017 experiments. The highest values 
of the growth characters of beet root plant were resulted by adding high level of cattle manure (20 
m3/fed.). However, the differences between (10 and 20 m3 /fed.) were significantly increased by high 
level of cattle manure addition (20 m3/fed.) compared low level (10 m3/fed.) and without addition 
(control). In addition, organic manure fertilizer usually improve the physical and chemical properties 
of soil, plant nutrition, better vegetative growth and increased quantitative and qualitative 
characteristics of vegetable crops. It could be concluded that, the increasing plant growth characters 
by increasing levels of organic manure fertilizer it might be concluded that the addition of high level 
of organic manure to beet root plant caused an increase of the nutritional elements in rooting zone, 
and also due to increased availability of nutrients especially N, P, K, Zn, Fe and Mn even from the 
early stage of crop growth. Consequently the more nutrients were absorbed so more and enhancement 
of plant growth characters. Similar results were obtained by Mokadem (2000), Heba and Sherif 
(2014) and Felipe et al. (2015) on beetroot, Shafeek et al. (2003) on Japanese radish and El-Sherbeny 
et al. (2012)  and Aisha et al. (2014) on turnip plants.    

  
2- Effect of potassium foliar application: 

About potassium foliar application treatments had a significant effect on growth parameters 
(plant length, number of leaves/ plant, fresh and dry weight of leaves per plant) in both seasons (Table 
2). However, foliar application by beet root plants with the high level of potassium (2 cm\ L.) 
produced the highest amount of growth characters follow by spraying plants with lower degree (1 
cm\L.) in both seasons. However control treatment (without potassium foliar spraying) accordance the 
minimum values of these parameters in both seasons. The supremacy of plant growth with the 
complement of potassium might be reference to besides that the function of potassium in protein 
synthesis, nutrients translocation, anti oxidant enzymes, root generation and leaves growth (Chen et 
al., 2004). The maximum growth promote effect of potassium may be due to that this formulation 
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depend of K and S of the comparable and harmonious synergetic action complexes with organic 
moiety, include potent K and S nutrition for more improved of carbohydrates, proteins, enzymes and 
energy structure (Marschner, 1995). Another great role of foliar spraying of K is in photosynthesis 
(Huber, 1985) by straightway improving leaf growth and leaf area index, and thus, CO2 assimilation 
(Wolf et al., 1976). Potassium foliar spraying increased the outward translocation of photosynthetic 
from the leaves (Ashley and Goodson, 1972). 
 
3-Effect the interaction between Nile compost levels and foliar spray of potassium fertilizer: 

Concerning the interaction influence, there were insignificant effects on beet root plant growth 
characters such as (plant length, number of leaves per plant fresh and dry weight of leaves) in both 
seasons (Table, 2). The highest amount of these characters were recorded by applied (20 m3/fed.) of 
cattle manure with foliar application of altitude concentration of potassium at (2 cm\L.). These finding 
were suitable in both experimental seasons. 
 
Table 2: Effect of organic manure and potassium foliar spray on growth characters of beet plants 

during 2016 and 2017 seasons. 
Cattle 

manure 
levels 

(ton\fed) 

Potassium 
concentrations 

(cm\L) 

2016 season 2017 season 
Plant 
length 
(cm) 

No. of 
leaves 

Weight (g) Plant 
length 

(cm 

No. of 
leaves 

Weight (g) 

Fresh Dry Fresh Dry 

0 
0 48.67 6.67 38.70 4.93 48.00 6.33 36.67 4.63 
1 51.00 7.67 41.33 5.20 49.33 7.00 42.33 5.27 
2 50.33 8.67 45.33 5.63 50.33 7.67 45.33 5.63 

Mean 50.00 7.67 41.70 5.26 49.22 7.00 41.44 5.18 

10 
0 52.33 8.67 42.33 5.27 51.67 8.00 43.33 5.43 
1 53.00 6.00 46.33 5.77 53.00 8.33 50.67 6.37 
2 54.33 10.00 50.67 6.30 54.33 9.33 54.33 6.77 

Mean 53.22 9.22 46.44 5.78 53.00 8.66 49.44 6.19 

20 
0 56.67 10.33 50.00 6.17 55.33 9.33 51.00 6.30 
1 58.67 11.00 54.00 6.80 58.00 10.00 57.33 7.13 
2 61.67 11.33 58.33 7.13 60.00 10.67 67.33 8.37 

Mean 59.00 10.00 54.11 6.70 57.78 10.00 58.56 7,27 

Average  
0 52.56 8.56 43.68 5.46 51.67 7.89 43.67 5.46 
1 54.22 8.22 47.22 5.922 53.44 8.44 50.11 6.26 
2 55.44 10.00 51.44 6.36 54.89 9.22 55.67 6.92 

LSD 5% 
level 

Manure 1.98 1.78 2.33 0.22 2.40 0.56 5.63 0.71 
K 0.80 NS 1.03 0.20 0.60 0.28 2.58 0.33 

Interaction NS NS NS NS NS NS NS NS 

 
Total root yield and physical properties:  
 
1-Effect of organic fertilizer levels:  

Data in Table (3) showed clearly that the addition of organic cattle manure fertilizer caused an 
increase in total root yield (fresh and dry weight roots) of beet root plant and its physical properties 
(diameter and length). Moreover, obtained data revealed that increasing the rate of organic cattle 
manure up to (20 m3/fed.) resulted in the highest fresh weight of root per plant (76.76 g/plant in the 
first season and 78.56 g/plant in the second season respectively). However, the obtained data reported 
that all addition of organic cattle manure significantly increased total root yield and physical root 
quality compared untreated control. In other words, addition of (20 m3/fed.) of organic manure 
fertilizer had superiority on fresh and dry weight of root as well as the physical root quality (length 
and diameter) compared low level (10 m3/fed.) in both seasons. It could be suggested that, the 
superiority of high level of organic manure these may be due to the effect of its manure was 
producing good growth of beet root plants (Table 2) which reflected on the root fresh and dry weight 
as well as the physical root quality. Similar results were obtained by Mokadem (2000); Heba et al. 
(2014) and Felipe et al. (2015) on beetroot, Shafeek et al (2003) on Japanese radish and El-Sherbeny 
et al. (2012) and Aish et al. (2014) on turnip plant. 
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2- Effect of potassium foliar application: 
Foliar application of potassium had a significant influence on yield and its component as 

compare with control treatment in both seasons (Table, 3). The highest increased were perform from 
foliar application with potassium at highest criterion (2 cm\L.). However, the average data for 
potassium foliar application reveal that excellent yield (14.13 and 14.64 ton/ fed.) for 1st and 2nd 
seasons, respectively with application potassium fertilizer at concentration of 2 cm\L. (Table 3) follow 
by (13.14 and 14.11 ton/ fed.) with foliar application of (1cm \ L.) while the depressed yield (11.01 
and 11.10 ton / fed.) was recorded in control treatment. The response of beet root quality length, 
diameter and weight) response the same pattern of modification like that mentioned above. These 
increased may be at respectable to the function of potassium on improving photosynthetic activity 
which calculation much for big translocation of photo assimilates from leaves to the pods (Marschner, 
1995). Also, this increased may be regarding to improved root tissue pressure potential (Lester et al., 
2006) as well as promote bark transmit of Ca to roots. The obtained results were in accordance with 
those acquired by Subrahmanyam and Raju (2000), El-Tohamy et al. (2011) and Milevthe, (2014) 
reported that, improving crop yield was highest after foliar application with potassium. 
 
Table 3: Effect of organic manure and potassium foliar spray on total yield and its physical quality of 

beet plants during 2016 and 2017 seasons. 
Cattle 

manure 
levels 

(ton\fed) 

Potassium 
concentrations 

(cm\L) 

2016 season 2017 season 
Total 
yield 

(ton/fed) 

Root weight (g)  Root quality (cm) Total 
yield 

(ton/fed 

Root weight (g) Root quality (cm) 

Fresh Dry Length Width Fresh Dry Length Width 

0 0 10.47 53.33 6.67 9.67 3.70 10.90 56.00 7.03 10.33 3.70 
1 12.33 56.00 7.10 10.00 3.87 13.67 62.33 7.87 11.00 4.17 
2 13.60 62.33 7.83 11.67 4.10 14.07 69.00 8.67 14.67 4.53 

Mean 12.13 57.22 7.20 10.44 3.89 12.88 62.44 7.86 12.00 4.13 
10 0 11.07 59.00 7.77 13.33 4.50 11.07 65.33 8.20 15.67 4.80 

1 13.20 63.00 7.90 13.67 5.00 14.17 71.00 8.90 16.33 5.13 
2 14.13 70.67 8.80 15.00 5.30 14.80 79.33 10.03 17.67 5.30 

Mean 12.80 64.22 8.16 14.00 4.93 13.34 71.89 9.04 16.56 5.06 
20 0 11.50 70.67 8.87 16.33 5.53 11.33 73.33 9.10 16.67 5.27 

1 13.90 76.67 9.43 18.00 5.67 14.50 77.33 9.63 17.67 5.43 
2 14.67 82.67 10.43 19.33 5.87 15.07 85.00 10.20 19.33 5.90 

Mean 13.63 76.67 9.58 17.89 5.69 13.63 78.56 9.64 17.89 5.53 
Average  0 11.01 61.00 7.77 13.11 4.58 11.10 64.89 8.11 14.22 4.59 

1 13.14 65.22 8.14 13.89 4.84 14.11 70.22 8.80 1500 4.91 
2 14.13 71.89 9.02 15.33 5.09 14.64 77.78 9.63 17.22 5.24 

LSD 5% 
level 

Manure 0.10 5.55 0.82 1.82 0.22 0.31 4.19 0.64 2.75 0.26 
K 0.15 1.20 0.21 0.36 0.11 0.12 3.22 0.33 0.63 0.16 

Interaction NS NS NS NS NS NS NS NS NS NS 

 
3-Effect the interaction between Nile compost levels and foliar spray of potassium fertilizer: 

The interaction among the various criterions of cattle manure and foliar spraying with 
potassium had insignificant belongings on beet root yield and its components (Table, 3). The highest 
quantities were recorded by used (20 m3/fed.) of cattle manure with foliar application by potassium at 
high concentration (2cm\L.) yielded (14.67 and 15.07 ton\fed.) for 1st and 2nd seasons, respectively 
pursue by low concentration of cattle manure fertilizer (10 m3/fed.) with low level of (1cm/L.) and 
control treatment (10.47 and 10.90 ton\fed.) for 1st and 2nd seasons, respectively. These returns were 
true in both seasons. 
  
Chemical properties of beet roots:  
 
1-Effect of organic fertilizer levels:  

Adding organic cattle manure at different rates (10 or 20 m3/fed.) had a significant effect on the 
percentage of TSS, total sugar and ascorbic acid contents of beet roots in 2016 and 2017 seasons. 
Such contents increased with increasing the rate of organic cattle manure. However, the high level of 
organic manure (20 m3/fed.) significantly increased these contents of root tissues compared to low 
level (10 m3/fed.) in both seasons. It could be stated that the higher values of nutritional values which 
associated with the higher rates of organic manure may be attributed to increasing the level of organic 
manure in rooting zone which encouraged the root system to absorb more quantity of the needed 
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elements consequently their levels in root tissue increased (Shafeek et al 2003). On the other hand, the 
pronounced increment of total carbohydrate percentage with applied various manure levels was 
observed. This increment may be explained by the promising role of cattle manure to supply the 
growing plants with required micro and macro nutrients which play important role in metabolic 
process as photosynthesis, respiration and carbohydrate synthesis. Many other workers had similar 
findings which are supporting the obtained data (Mokadem, 2000; Shafeek et al. 2003; El- Sherbeny 
et al. 2012 and Heba et al. 2014). 
 
2- Effect of potassium foliar application: 
 

The effect in Table (4) show that, the proportion of TSS, total sugar and ascorbic acid contents 
of beet root tissues were significantly increased by increase potassium level as compared with the 
control treatment. The highest amount of chemical synthesis parameters were acquired when beet 
plants sprayed with potassium at high concentration (2cm\L.) keep track of by foliar application by 
potassium at low concentration (1cm\L.) and control treatment in both seasons. Improving nutritional 
values of beet root could be attributed to the fast absorption of these elements by the plant surface, 
particularly the leaves and their translocation within the plant (Marschner, 1995). 

 
Table 4: Effect of organic manure and potassium foliar spray on chemical quality of beet plants 

during 2016 and 2017 seasons. 
Cattle 

manure 
levels 

(ton\fed) 

Potassium 
concentrations 

(cm\L) 

2016 season 2017 season 
% % 

TSS Total 
sugars 

Ascorbic 
acid 

TSS Total 
sugars 

Ascorbic 
acid 

0 
0 8.47 5.60 5.43 8.17 6.27 5.63 
1 8.73 5.97 5.80 8.60 6.50 5.87 
2 9.30 6.37 6.17 8.90 6.63 6.33 

Mean 8.83 5.98 5.80 8.56 6.47 5.94 

10 
0 9.70 6.67 6.47 9.57 6.87 6.60 
1 9.93 7.13 6.87 9.90 7.10 6.83 
2 10.53 7.43 6.97 10.17 7.37 6.97 

Mean 10.06 7.08 6.77 9.88 7.11 6.80 

20 
0 10.87 7.67 7.43 10.53 7.50 7.50 
1 11.17 7.83 7.70 10.80 7.60 7.67 
2 11.57 8.07 7.80 10.93 7.77 7.83 

Mean 11.20 7.86 7.64 10.75 7.62 7.67 

Average 
0 9.68 6.64 6.44 9.42 6.88 6.58 
1 9.94 6.97 6.79 9.77 7.07 6.79 
2 10.47 7.30 6.98 10.00 7.26 7.04 

LSD 5% 
level 

Manure 0.20 0.24 0.11 0.10 0.08 0.09 
K 0.12 0.08 0.08 0.12 0.09 0.06 

Interaction NS NS NS NS NS 0.10 

 
3-Effect the interaction between Nile compost levels and foliar spray of potassium fertilizer: 

The interaction among cattle manure fertilizer and potassium foliar spray had significant effect 
on the percentage of TSS, total sugar and ascorbic acid content on root tissues in the second season 
only (Table, 4). The highest values were recorded when use (20 m3/fed.) as cattle manure fertilizer 
with high concentration of potassium foliar application at (2cm\L.) in both seasons. These results may 
be due to the function of potassium in plant metabolism and frequently important regulatory 
procedure in the plant. Moreover, potassium and sulfur could be increased mineral uptake by plants 
(Marschner, 1995). These results are likening in both seasons. From data presented in Table (4) it 
could be clearly summarized that the highest values of nutrients content were reported when beet root 
plants received (20 m3/fed.) as cattle manure fertilization plus potassium as foliar application 
compared by other treatments. These improving may be ascribed to the function of potassium and 
sulfur on improving photosynthetic activity which calculation much for high translocation of photo 
assimilates from leaves to the roots. 
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