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Abstract: This work was carried out during the winter  seasons of 2006 / 2007and 2007/ 2008 at The

Experimental Farm of Environ. Agric.  Sci. Fac., El-Arish, North Sinai, to study the effect of two nitrogen
sources; i.e.,  ammonium nitrate (AN)  and ammonium sulphate (AS)  and foliar application of some

macro and micro nutrients; i.e., Fe, K, B, Fe+K, Fe+B in addition to control treatment. The data revealed,
in general that, there were no significantly differences between AS and AN on all studied traits,

approximately. Spraying plants with Fe was the best treatment for yield /plant and  per feddan in both
seasons. Spraying table beet plants with Fe+B or with B were the superior treatment for betanin and TSS

contents as well as root anatomical traits. The interaction between AN with Fe or AN with Fe+K were
the best treatments for vegetative growth and dry weight, respectively. Spraying table beet plant with Fe

plus either AS or AN were the superior interaction treatments for yield/plant and per feddan in both
seasons. Fertilization of table beet plants by AN in combination with spraying of Fe, K, B, Fe+K,and

Fe+B increased all the leaf anatomical diamensions, while spraying with Fe+B or B alone plus with
fertilization with AS or AN increased the contents of betanin, TSS, and root anatomical traits.

Key wards: Table beet, vegetative growth, dry weight, yield, anatomical traits, betanin, TSS.

INTRODUCTION

Table beet (Beta vulgaris) is one of the famous

crops of Chenopodiaceae. Red root of table beet are
eaten either boiled as a cooked vegetable, or cold as a

salad and garden beet juice is a popular health food.
Beet roots have betanine pigment which are used as

nature red food colourants e.g., to improve the colour
of tomato paste, jams and jellies, ice cream and sweets.

Betanine is composed of red-violet betacyanins and
yellow betaxanthins. The red- violet betacyanins are

suitable for food processing because of their stability .[22]

Betanine consider a bioactive agent which have a wide

range of physiological effects . It has been shown to[21]

inhibit a wide range of oxidative reactions (e.g. lipid

peroxidation and the decomposition of heme in the
blood) that have negative effects in the body.

It has been reported that table beet growth and
root quality were affected by environmental factors;

viz. temperature, planting and harvesting date  as well[7]

as by mineral nutrients which have specific and

essential functions in plant metabolism . Few attempts[14]

were done to study the effect of N, K, Fe and B on

table beet. So, the aim of this search was more of
study on effect of the abovementioned elements on

table beet growth, yield and beet root quality.

MATERIALS AND METHODS

Two field experiments were carried out during the

winter seasons of 2006/2007and 2007/2008 at The
Experimental Farm of Environ. Agric.  Sci. Fac., El-

Arish, North Sinai.The main object of this work was to
study the effect of nitrogen sources (ammonium

sulphate and ammonium nitrate) and some macro-and
micro-elements(K, Fe, B) on growth, yield, and content

of betanin pigment in root  of table beet (Beta vulgaris
L). The soil used was loamy sand in texture; pH 7.8,

8.0; organic matter contents 0.14, 0.19%; EC 1.05, 1.09
(dSm ); available N 12.11, 13.44 ppm; available P-1

12.10, 12.43 ppm; available K 71.92, 67.15ppm; in the
first and second seasons, respectively. pH and EC for

irrigation water were 7.02, 7.32 and 3648, 3840 ppm
in the 1  and 2  seasons, respectively.st nd

This experiment included 12 treatments which were
the combinations between two nitrogen sources

(ammonium nitrate(AN) and ammonium sulphate (AS)
at a rate of 75 kg N / fed.) and spraying with Fe( at a

concentration of 1000 ppm), B (at a concentration of
25ppm), K (at a concentration of 1% K O), Fe + K ,2

F+ B and control treatment.
The experimental plot area was 12 m  with 32

dripper lines (4 m in length and one m in width). The
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plants (cv. Detroit Suprene) were transplanted on

October 28  and 25  in the 1  and 2  seasons,th th st nd

respectively. Nitrogen fertilizers were added within

irrigation water system begenning after 15 days from
transplanting and stopped two weeks before harves

stage. Plants were sprayed with the nutrints three times
begenning after 20 days from transplanting. Plants were

harvested at 105 days after transplanting.

Data Recorded: Sampels of 9 plants from each plot at
80 days after transplanting were randomly taken to

determine the follwing data:
- Vegetative growth(plant height, number of

leaves/plant, and leaves fresh weight.
- Dry wight ( roots, leaves, top root and total dry

weight of plant).
- Yield and its components (yield /plant and per

feddan).
- Anatomical study: for anatomical studies,

specimens of selected treatments at the age of 120
days (in the second season) from middle fully

expanded leaf and root of table beet plants were
sectioned as described by .The sections were[23]

photographed by using light microscope (Olympus)
with digital camera (Canon Power Shot S80)

connected to computer, the photographs were taken
by Zoom Browser Ex program. The dimensions of

roots and leaves sections were measured by using
Corel Draw program ver. 11.

- Root quality: root length (L), root diameter (D),
root shape (L/D), TSS (were measured by using a

hand refractometer) and betanin content (mg/g
F.W.). Betanin pigment was determined according

to a modified method described by .[17]

Statistical Analysis: Statistical analysis of the obtained
data was carried out according to statistical analysis of

variance according to . Duncan’s multiple range tests[19]

was used for comparison among means . [5]

RESULTS AND DISCUSSION

Plant Growth: Data in Table (1) reveal that

application of ammonium nitrate (AN) significantly
increased fresh weight of leaves and dry weight of

roots in the first season only, while all the other
vegetative and dry weight parameters in both seasons

as well as fresh weight of leaves and dry weight of
roots in the second season were not significantly

affected. The undifferent of significance between the
both nitrogen sources may be owe to the possitive

effect of each source on plant growth wheren balance
effect on leaf anatomical struture as shown in Fig. (1)

and Table (5) which illustrate that AN and AS
recorded 1618.07, 1680.11; 1017.88, 1116.77; 311.96,

334.02; 399.71, 443.19; 59.89, 61.65; 143.68, 163.22;

249.48, 284.58; 799.84, 703.90; 402.27, 380.64 and

336.65, 282.03  for midvein thickness, midvein width,
midvin vascular bundle thickness, midvin vascular

bundle width, phloem layer thickness, xylem layer
thickness, xylem layer width, blade thickness, plaside

tissue thickness, and spongy tissue thickness,

3respectively. Nitrogen in NO form,wherein ammonium- 

3nitrate is source of NO , is more readily taken up by-

plants than ammonium form in soil . AS may be[13 , 12]

attribute to the acidity effect which reduce the
alkalinity of soil  and consequantly increased the[18 , 9]

availability of nutrients as well as plant growth. 
Regarding the effect of nutrients, it is obvious

from the data presented in Table (1) that dry weight of
roots was not significantly affected in both seasons,

and the efffects of the nutrints on the other parameters
were fluctuated.  But it could be say that spraying

table beet  plants with Fe + K folowed by spraying
with Fe alone, approximately recorded the highest

values  of  all plant grwth parameters (vegetative and
dry weight parameters) in both seasons. In spite of

spraying with B recorded the lowest plant height, but
it recorded the highest number of leaves / plant in both

seasons. In this connection  found that applicaton of[11]

K at a rate of 150 mg / kg soil as KCl and 200 mg

/kg soil as K2SO4 increased number of leaves and leaf
length, while increasing K concentration more than the

obovementioned rates decreased the same parameters.
On the other hand, the obtained results are in

agreement with those reported by  who stated that dry[3]

weight of cucumber plants was decreased with

application of B at rates of 5, 10 and 20 mg / kg.
It is obvious from data in Table 2 that application

of AN + Fe increased approxemetaly the vegetative
growth parameters of table beet in both seasons as well

as fertilization with AN + Fe + K was the best
interaction for dry weight of plant.  These results may

be owe to the increment in blade thickness, plaside
tissue thickness and spongy thickness (Fig.1 and Table

5) which lead to increment in photo-assimilation
surface, photothynthetase and consequantly increaseing

in plant growth. Also, these results may be owe to the
vital role of Fe and K in physiological function of

plant. Iron plays important roles in many physiological
processes of plants. It is an essential component of

several enzymes as well as cytochromes and in
chloroplast contain prophyrin ring and is required for

2production of NADPH for CO  fixation in
phytosynthesis . These vital roles of Fe in plant led[20]

to good vegetative growth expressed as plant height
and fresh weight of leaves.

Yield and Root Characters:   Data  presented in

Table (3) illustrate that  there were no significant
differences between the two nitrogen sources (AN and

AS) regarding their effct on total yield / plant as well
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Table 1: Effect of nitrogen source and some nutrient elements on vegetative and dry weight of table beet.

Treatments Vegetative growth Dry weight (g)

----------------------------------------------------- ----------------------------------------------------------------------------------------

Plant No.leaves F.W . Roots leaves Root Total dry

height(cm) /plant leaves(g) weight

Nitrogen source First season (2006/2007)

(75kg N/fed.)

AN 31.2a 26.3a 297.4a 5.1a 27.6a 50.1a 82.8a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AS 32.1a 25.8a 275.7b 3.3b 21.2a 51.4a 74.3a

Second season( 2007/2008)

AN 31.2a 25.7a 305.3a 4.5a 24.1a 49.5a 78.1a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AS 33.4a 26.8a 310.1a 3.5a 22.7a 46.8a 73.0a

Nutrients First season (2006/2007)

Control 35.5a 21.0b 260.8b 3.8a 16.6c 51.8ab 72.2bc

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 34.3a 28.8ab 303.0a 4.1a 30.1a 49.5bc 83.7ab

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 28.8ab 23.17ab 268.0b 4.4a 20.2bc 54.8a 79.4b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 31.5ab 26.8ab 325.0a 4.4a 33.8a 55.6a 93.8a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 27.1b 32.0a 304.5a 4.1a 22.1bc 51.6ab 77.8bc

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 33.0ab 24.6ab 258.0b 4.3a 23.8b 41.4c 69.5c

                              Second season( 2007/2008)

Control 34.3a 20.3b 298.5bc 3.4a 21.2b 47.0bc 71.6b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 34.6a 29.1ab 348.7a 3.9a 24.0ab 54.4ab 82.3a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 29.0a 28.6ab 227.2c 4.5a 21.1b 41.1c 66.7b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 34.1a 22.6ab 334.7a 4.3a 27.5a 57.9a 89.7a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 27.0b 30.1a 263.2c 3.9a 21.4ab 45.9bc 71.2b

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 34.0a 26.8ab 329.2ab 4.1a 25.1ab 42.7c 71.9b

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range

test; AN: Ammonium nitrate; AS: Ammonium sulphate

Table 2: Effect of interaction between nitrogen sources and some nutrient elements on vegetative growt and dry weight of table beet.

Treatments Vegetative growth Dry weight (g)

----------------------------------------------------- ----------------------------------------------------------------------------------------

Plant No.leaves F.W . Roots leaves Root Total dry

height(cm) /plant leaves(g) weight

Nitrogen source First season (2006/2007)

(75kg N/fed.)

AN Control 32..3abc 20.6c 211.7e 4.5a-f 15.1c 51.6c 71.3bcd

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 39..3a 29.3abc 387.7a 5.4ab 43.5a 44.4bc 93.3ab

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 28.0bc 23.6abc 386.0bcd 5.1a-d 22.5bc 56.7ab 84.3bc

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 30.0bc 28.0abc 336.7b 5.6a 37.8a 62.4a 105.8a

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 26.6c 31.3ab 308.0b 4.8a-e 22.7bc 41.9bc 69.4cd

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 31.3bc 25.0abc 254.7de 5.1abc 24.2bc 43.5bc 72.8bcd

AS Control 38.6a 21.3c 310.0bc 3.1ef 18.1c 52.1abc 73.3 bcd

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 29.3bc 28.3abc 218.3e 2.9f 16.6c 54.6ab 74.1bcd

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 29.6bc 22.6bc 250.0de 3.8b-f 17.8c 52.8abc 74.4bcd

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 33.0abc 25.6abc 313.3bc 3.2ef 29.8ab 48.7abc 81.7bc

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 27.6bc 32.6a 301.0bcd 3.3def 21.4bc 61.4a 86.1 b

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 34.6ab 24.3abc 261.7cde 3.4c-f 23.3bc 39.3c 66..0d
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Table 2: Continue

Second season( 2007/2008)

AN Control 33.0ab 20.6b 313.7bc 3.6bc 23.1a 48.9a-e 75.6bc

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 36.3a 27.3ab 397.0a 4.6ab 27.6a 56.6ab 88.8ab

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 27.0bc 26.3ab 293.3bc 5.1a 22.2a 41.7cde 69.0c

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 35.6a 24.0ab 327.7ab 4.8ab 27.1a 61.4a 93.3a

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 23.6c 27.6ab 198.0d 4.1abc 20.1a 41.9cde 66.1c

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 32.0ab 28.6ab 308.3bc 4.8abc 24.2a 46.6b-e 75.6bc

AS Control 35.6a 20.0b 283.3bc 3.1c 19.3a 45.1b-e 67.5c

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 31.0ab 31.0a 306.3bc 3.2c 20.9a 52.3a-d 76.4bc

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 31.0ab 31.0a 251.0cd 3.9abc 20.1a 40.4de 64.4c

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 34.6a 21.3b 341.7ab 3.9abc 27.9a 54.3abc 86.1ab

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 30.3ab 32.6a 328.3ab 3.7bc 22.6a 49.8a-e 76.1bc

------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 36.0a 25.0ab 350.0ab 3.3c 26.0a 38.8e 68.1c

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range

test; AN: Ammonium nitrate; AS: Ammonium sulphate

Table 3: Effect of nitrogen sources and nutrient elements on yield and top root characters table beet.

Treatments Yield Root charecters

----------------------------------------------- -----------------------------------------------------------------------------------------

Ton/fed. g /plant Length(cm) Diameter (cm) Root shape

Nitrogen source First season (2006/2007)

 (75kg N/fed.)

AN 8.75a 366.8a 5.40a 7.37a 0.73a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AS 8.65a 351.2a 5.41a 7.56a 0.71a

Second season( 2007/2008)

AN 8.58a 337.8a 5.56a 7.61a 0.73a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AS 8.30a 335.0a 5.40a 7.73a 0.69a

Nutrient elements: First season( 2006/2007)

Control 7.73ab 345.2b 4.66a 6.75a 0.69a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 9.43a 400.8a 5.16a 7.08a 0.72a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 9.52a 400.8a 5.71a 7.36a 0.77a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 9.12a 374.2a 5.91a 8.01a 0.73a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 7.15b 269.2c 5.33a 7.91a 0.67a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 9.35a 286.0c 5.63a 7.66a 0.73a

Second season (2007/2008)

Control 8.19b 314.3bc 4.88 7.30a 0.66a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 10.15a 386.8a 5.33a 7.58a 0.70a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 7.84b 314.1bc 6.00a 7.80a 0.76a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 9.13ab 400.4a 5.63a 7.63a 0.73a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 7.71b 294.5c 5.58a 7.66a 072a

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 7.62b 308.6bc 5.46a 7.30a 0.74a

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s multiple range

test; AN: Ammonium nitrate; AS: Ammonium sulphate
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Fig. 1: Transverse sections in the blade leaf of table beet plant (X 52) as affected by nitrogen sources and some

nutrients spray. 

as per fed. and root  characters. These results are in

confermity with those reported by  who found that[4]

there were no significant differences between nitrogen

3 3 4 4 2 4sources used (NaNO , KNO , NH CL, (NH ) SO  and

4 3NH NO ) on yield of table beet. On the other hand,[10]

found that ammonium naitrate increased the marketable

yield of red beet (t/ha.) compared to ammonium

sulphate.

Spraying table beet plants with Fe, K and Fe +K

in the 1  season and spraying with Fe  and Fe+ K inst

the 2  season were the best treatments for enhancingnd

the yield / plant and consequently per feddan (Table 3).

The increment of  yield due to spraying with Fe and

Fe+ K may be attribute to the increments in plant

growth and dry weight of plant. The same data reveal

that spraying with B recorded the lowest yield per

plant and per feddan. That is may be owe to table beet

decreasing of vegetative growth (Table 1). Root length,

diameter and root shape were not significantly affected

by the studied treatments (Table 3).  reported that[16]

banded applied K fertilizer increased the root yield . In

this connection,  found that applicaton of K at  a rate[11]

of 150 mg / kg soil as KCl and 200 mg /kg soil as

2 4 K SO increased root yield (g/pot) compared to the

other concentrations (200, 500 mg as KCl and 500mg

2 4as K SO  as well as the check treatment) wherein
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decreased root yield.The increment in root yieldmay be

owe to the high content in chlorophyll and the highest

water content in roots (73%) .[11]

Regarding yield /plant, data presented in Table 4

show that spraying table beet plants with Fe with

fertilization of AN or AS recorded the highest values

of yield / plant in 1  seasons, as well as feeding byst

AN with spraying of Fe +K  was the best interaction

treatment wherein recorded the highest value of yield

/plant in the 2   season . On the other hand , thend

interaction between Fe with AS and AN in the first

and second seasons, respectively recorded the 1  rankst

of yield / feddan. These results may be attribute to the

increment in blade thicknes, plaside tissue thickness

and spngy thickness (Table 5) which lead to increment

in photo-asimilation surface, photothynthetase,

increaseing in plant growth and consequantly in yield.

The same data reveal that spraying with B recorded the

lowest yield /plant and approximately  / feddan. Root

parameters (length , diameter and  root shape) were not

significantly affected. In this concern  found that[4]

addition of K to plants which recieved nitrogen as

NH4(NO3) had no significant effect on tabl yield.

Anatomical Traits:

Leaf Anatomy: Data in Table (5) and Fig. (1)

represent the effect of ammonium nitrate or ammonium

sulfate fertilizers and spraying with Fe, K, B, Fe+K

and Fe+B on anatomical features of table beet leaves.

In proportional to the two types of fertilizers,

ammonium sulfate fertilizer increased leaf midvein

thickness (1618.07, 1680.11µ) and width (1017.88,

1116.77), Midvein vascular bundle thickness(311.96,

334.02 µ), and Midvein vascular bundle width(399.71,

443.19µ). Phloem layer thickness (59.89, 61.65µ),

xylem layer thickness(143.68, 163.22µ), xylem layer

width (249.48, 284.58), while ammonium nitrate

resulted in an increase in blade thickness(799.84 ,

703.90 µ), palisade tissue thickness (402.27 , 380.65µ),

and spongy tissue(336.65 , 282.03µ). The data were

recorded for AN and AS, respectively. The obtained

results are in harmony with those reported by .[6 ,8]

Concerning the effect of spraying table beet plants

with some nutrints, it could be said that foliar spraying

with Fe, K, B, Fe+K or Fe+B increased their leaf

dimensions than fertilizing with ammonium sulfate or

ammonium nitrate only. Table beet plants fertilized by

ammonium sulphate when sprayed with Fe the midvein

thickness and width increased by 58.14 and 37.93%,

respectively than the control plants, but the blade,

palisade tissue and spongy tissue thickness were highly

reduced. In addition, foliar spraying with K, Fe+K and

Fe+B showed similar trend but with different

percentages. All treatments significantly increased

xylem layer thickness, xylem layer width, midvein

vascular bundle thickness and midvein vascular bundle

width. Foliar spraying with boron markedly increased

all leaf dimensions compared to control. Spraying

plants that fertilized by ammonium nitrate with Fe, K,

B, Fe+K or Fe+B considerably increased all leaf

dimensions compared to those of control and  fertilized

plants with ammonium sulphate and sprayed with Fe,

K, B, Fe+K or Fe+B. Also, spraying with Fe+K, B or

Fe+B recorded high positive effect on increasing

midvein thickness, midvein width, blade thickness,

palisade tissue thickness, spongy tissue thickness,

xylem layer thickness, xylem layer width and midvein

vascular bundle width compared to the other

treatments.

Root Anatomy: Table (6) and Fig. (2) show the effect

of fertilizing table beet plants with ammonium sulphate

or ammonium nitrate and spraying plants with Fe, K ,

B,  Fe+K and Fe+ B. Generally fertilization of table

beet plants with ammonium sulphate increased the

phelloderm and cortex thickness as well as the average

of distance between growth layers (1570.0, 5032.93µ)

compared to AN (1548.06, 4351.05µ ) for the above

mentioned parameters. Concerning the effect of

spraying with some nutrients, the same data reveal that

spraying table beet plants with Fe+B or B alone were

the best treatments where increased the phelloderm and

cortex thickness by 97.4 and 58.38% compared to

control treatment. The same trend was obtained with

the average of distance between growth layers which

increased by 34.7 and 23.35% compared to control

treatment. 

Regarding the intraction between Nitrogen sources

and nutrients, data presented in Table (6) and Fig. (2)

illustrate that the interaction between AN or AS with

Fe +B or B were the suprior treatments which

increased the phelloderm and cortex thickness by

63.56, 46.69 %; 131.24, 68.07 for AN +Fe +B, AN+B;

AS +Fe+B, AS+B, respectively compared to control

treatment.The same treatments increased the average of

distance between growth rings by 38.95, 26.87; 30.46,

19.83%. It could be mentioned that inceasing

phelloderm and cortex thikness as well as the average

distance between growth rings resulted in increasing

the area of parenchematous cells which resulted in

enhancement the capacity of storability.

Betanin Content: It is clear from Fig. (3) that

fertilization of table beet plant with AN increased the

content of betanin in roots, but this increment did not

reach  to  the  level of significance with AS treatment
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Table 4: Effect of interaction between nitrogen sources and some nutrient elements on yield and top  root characters of  table beet.

Treatments Yield Root charecters

----------------------------------------------- -----------------------------------------------------------------------------------------

Ton/fed. g /plant Length(cm) Diameter (cm) Root shape

Nitrogen source First season (2006/2007)

 (75kg N/fed.)

AN Control 8.05bcd 358.7cd 4.50b 6.16b 0.73

------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 8.07bcd 396.3ab 5.30ab 7.16ab 0.74a

------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 9.10a-d 411.7a 5.76ab 7.56ab 0.76a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 9.49a-d 371abc 5.66ab 8.00a 0.70a

------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 7.52cd 301.7e 5.50ab 8.00a 0.68a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 10.30ab 388.3ab 5.66ab 7.33ab 0.77a

AS Control 7.42cd 331.7d 4.83ab 7.33ab 0.65a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 10.80a 405.3a 5.03ab 7.00ab 0.71a

------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 9.95abc 355.3cd 5.66ab 7.16ab 0.79a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 8.76a-d 377.3abc 6.16a 8.03a 0.76a

------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 6.79d 270.3f 5.16ab 7.83a 0.65a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 8.40a-d 367.0bc 5.60ab 8.00a 0.70a

Second season (2007/2008)

AN Control 8.40bc 310.0cde 4.93a 7.26a 0.67a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 10.78a 405.8ab 5.66a 8.66a 0.65a

------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 7.77bc 308.4cde 6.00a 7.16a 0.83a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 8.75abc 429.6a 5.66a 7.83a 0.72a

------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 7.88bc 250.2e 5.16a 7.10a 0.72a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 7.90bc 322.9cde 5.93a 7.66a 0.77a

AS Control 7.98bc 318.6cde 4.83a 7.33a 0.65a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe (1000 ppm) 9.52ab 367.9a-d 5.03a 7.50a 0.67a

------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 7.91bc 319.7cde 6.03a 8.00a 0.75a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+K 9.52ab 371.1abc 5.60a 7.76a 0.72a

------------------------------------------------------------------------------------------------------------------------------------------------

B (25 ppm) 7.54bc 338.8bcd 6.00a 8.16a 0.73a

------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 7.35c 294.4de 5.01a 7.66a 0.65a

Values having the same alphabetical letter(s) did not significantly differ at 0.05 level of significance, according to Duncan’s m ultiple range

test; AN: Ammonium nitrate; AS: Ammonium sulphate

Table 5: Measurement in micron of certain microscopically feature in transverse section of table beet plant leaf as affected by nitrogen sources fertilization and spraying with some nutrients.
Treatments Midvein Midvein Midvein vascular Midvein vascular Phloem Xylem layer Xylem Blade Palisade Spongy tissue 
------------------------ thickness width bundle thickness bundle width layer thickness layer width thickness tissue thickness
Nitrogen sources x thickness thickness
nutrients (75 kg N/fed.)
AN Control 1340.50 866.88 301.65 343.80 55.20 112.65 214.40 567.63 243.25 236.75

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe(1000 ppm) 1567.13 1047.75 304.65 375.15 62.95 126.80 226.70 782.63 391.50 334.63
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1% K O) 1641.13 928.88 321.00 414.70 60.80 149.10 261.90 679.13 349.50 249.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe+ K 1679.25 1120.25 304.00 383.25 64.00 160.40 247.10 1057.63 563.38 435.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B (25ppm) 1727.38 1124.13 319.25 457.00 59.70 151.60 284.50 875.13 434.88 407.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe+B 1753.00 1019.38 321.20 424.35 56.70 161.55 262.30 836.88 431.13 356.13
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1618.07 1017.88 311.96 399.71 59.89 143.68 249.48 799.84 402.27 336.65
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Table 5: Continue
AS Control 1274.63 905.25 266.50 316.20 56.35 130.90 203.55 756.13 432.63 304.88

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe(1000 ppm) 2015.75 1248.63 355.95 517.15 56.55 141.35 320.20 503.38 275.25 185.80
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K(1% K O) 1607.38 955.63 334.85 421.25 65.35 133.15 251.50 761.88 432.00 294.63
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe+ K 1552.75 930.13 372.60 419.15 69.10 200.95 301.35 620.25 320.00 259.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
B (25ppm) 1806.63 1413.75 349.50 550.05 59.00 194.20 353.75 1034.38 525.38 441.75
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe+B 1823.50 1247.25 324.70 435.35 63.55 178.75 277.10 547.38 298.63 205.88
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mean 1680.11 1116.77 334.02 443.19 61.65 163.22 284.58 703.90 380.65 282.03

AN: Ammonium nitrate AS: Ammonium sulphate

Fig. 2: Transverse sections in the root of table beet plant (X 52) as affected by nitrogen sources and some

nutrients spray. 

(5.71, 6.28 and 5.95, 6.76 mg/g fresh weight in the

first and second seasons, respectively). The slight

increment in betanin may be owe to the slight

difference in  root anatomical traits expressed in

phelloderm and cortex thickness (1548 and 1570.01)

and average distance between growth rings (4351.05

and 5032.93 µm) for AN and AS,  respectively (Table

6).  indicated that modifying the ratio of ammonium[2]

to nitrate (1:14) in HB medium increased the content

of betacyanin in table beet cell culture.
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Table 6: M easurement in micron of certain microscopically features in transverse sections of table beet plant root as affected by fertilization

of nitrogen sources and spraying with som e nutrients. 

Treatments Phelloderm and Control as 100 Average distance Control as 100

----------------------------- cortex thickness (µ) between growth

Nitrogen sources x rings  (µ)

Nutrients (75 kg N/fed.)

AN Control 1230.75 100.00 3828.80 100.00

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe(1000 ppm) 1347.75 109.51 3882.50 101.40

------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1%K O) 1492.89 121.30 3880.00 101.34

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+ K 1374.00 111.64 4337.50 113.29

------------------------------------------------------------------------------------------------------------------------------------------------------------------

B(25ppm) 1830.00 148.69 4857.50 126.87

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 2013.00 163.56 5320.00 138.95

------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 1548.06 138.82 4351.05 114.75

AS Control 1046.64 100.00 4350.00 100.00

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe(1000 ppm) 1098.39 104.94 4826.30 110.95

------------------------------------------------------------------------------------------------------------------------------------------------------------------

2K (1%K O) 1450.14 138.55 5266.30 121.06

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+ K 1645.50 157.22 4867.50 111.90

------------------------------------------------------------------------------------------------------------------------------------------------------------------

B(25ppm) 1759.14 168.07 5212.50 119.83

------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fe+B 2420.25 231.24 5675.00 130.46

------------------------------------------------------------------------------------------------------------------------------------------------------------------

M ean 1570.01 150.00 5032.93 115.70

AN: Ammonium nitrate AS: Ammonium sulphate

Fig. 3: Effect of nitrogen sources on betanin contect in table beet root.

Spraying table beet plants with either Fe +B or B

alone recorded the highest values of betanin in the

root, respectively. While spraying with K recorded the

lowest value in both seasons (Fig. 4). The increase in

betanin pigment due to application of B or Fe+B may

be attribute to the increment in parenchyma thickness

in root expressed in phelloderm and cortex thickness

(2216.62 and 1794.57 µm) and average distance betwen

growth rings (5497.5 and 5035 µm) for Fe+B and B,

respectively (Table 6). In this concern,  found that[1]

high concentration of Fe in LS (Linsmair-Skog)

medium promoted betacyanin production in the table

beet cell culture, and  found that betacyanin decreased[2]

when B was removed from the medium and

consequantly B was essential for betacyanin production.

Data in Fig. (5) illustrate that the interaction

between B alone or Fe +B with either AN or  AS

were the superior treatments for enhancing the content

of betanin in roots . On the other hand, interaction

beween AN and K recorded the lowest value of

betanin content in both seasons. These results may be

owe to the increments in the volume of root

parenchyma cells (Table 6) wherein increased the

content of betanin.

TSS: In contrast of betanin, it is clear from Fig. 6 that

application of AS increased TSS in table beet roots(8.8,

9.6 %) compared to 6.8 and 6.16% for AN. 
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Fig. 4: Effect of nutrients on betanin contect in table beet root.

Fig. 5: Effect of interaction between nitrogen sources and nutrients on betanin contect in table beet root.

Cocerning the effect of nutrients the same trend of

betanin was obtained with TSS, which indicated that

spraying table beet plants with Fe +B and B recorded

the highest values of TSS in the root (Fig. 7). In this

connection,  reported that boron plays a key role in[14]

higher plants by facilitating the short -and  long-

distance transport of sugars via formation of

borate–sugar complex , and sugar boratecomplex more

easily pass through cellular membranes than the highly

polar sugar molecules alone . [15]

Fig. (8)  illustrates that the best interaction

treatments for increasing TSS in table beet root were

AS with spraying of B or  Fe + B in both seasons.

These results may be attribute to the hypothesis for

role  of B in  plant metabolism. The hypothesis is

based on the property of boric acid complexing with

polyhydroxyl compunds including alchols and sugars,

and sugar boratecomplex more easily pass through

cellular membranes than the highly polar sugar

molecules alone . [15]
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Fig. 6: Effect of nitrogen sources on TSS of table beet root.

Fig. 7: Effect of nutrients sources on TSS of table beet root.

Fig. 8: Effect of interaction between nitrogen sources and nutrients on TSS of table beet root.
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