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PHOTOSYNTHETIC ACTIVITY IN RELATION TO FODDER BEET
PRODUCTIVITY WITH DIFFERENT PLANTING METHODS AND
DENSITIES UNDER SANDY SOIL CONDITIONS

Eman I. El-Sarag”
Fac. Environ. Agric. Sci., Arish Univ., Egypt

ABSTRACT

Fodder beet could be cultivated under varied environmental conditions; their yield and stomatal
conductance differ according to planting methods and densities. So, two planting methods
(transplanting, T. and direct seeds, Ds.) under six planting densities (33.6, 28.0, 24.0, 21.0, 18.6, 16.8
thousand plants fad™) were investigated on fodder beet (Beta vulgaris L.) at sandy soil (70% sand) of
the Experimental Farm of the Faculty of Environmental Agricultural Sciences, Arish Univ., Egypt,
during 2012/2013 and 2013/2014 seasons. The experimental design was randomized complete block
(RCBD) in a split plot design with three replications. The main plots were chosen for planting
methods, while, the sub-plots were devoted for planting densities. Drip irrigation system was used
with saline ground water (3500 ppm) pumped from a local well. Results showed that stomatal
conductance (Sc.) and transpiration rate (Tr.) of upper leaves were —almost 4 times- higher than lower
ones. The maximum value of Sc was achieved by T. with planting density of 28000 and by Ds. with
21000 plants fad.™ with means of 0.31 and 0.30 ms™, while, T. and Ds. with 28000 plants fad.™ gave
the highest Tr. with mean values of 15.41 and 14.08 pg cm™s™. Direct seeds with planting density of
21000 plants fad® gave the highest leaf, root and total yields (14.8, 136.0, 150.9 ton fad.™,
respectively) in combined analysis. There were high positive correlation with the high total fresh yield
and each of root length, diameter and new leaves Tr., where these correlation coefficient rates were
0.829**, 0.699* and 0.569*, respectively. Also, this investigation give chemical composition of
fodder beet roots grown in sandy soil under two seasons which recorded crude protein ranged between
13.6 and 11.0% and average of crude fiber of 5.6%. The results suggest that root length and diameter
as well as new leaves transpired could be important parameters for improving fodder beet productivity
under sandy soil conditions at North Sinai Governorate and similar areas.

Key words: Fodder beet, planting methods, planting densities, line spaces, top and root fresh yield,
simple correlation coefficient, chemical analyses.

INTRODUCTION

Fodder beet (Beta vulgaris L.) is valuable
source of fodder for cattle (Niazi et al., 2000).
According to its high content of water and sugar,
it increases milk production and suitable forage
for dairy cows (Hussein and Siam, 2014).
Fodder beet can fulfill economic target of
maximizing the benefit of sandy soils in concern
to its high content of carbohydrates and high top
and root fresh yields besides it could be stored
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for 3 months as silage (Keogh et al., 2008). In
Egypt, there are many forage crops which can be
successfully grown during winter season in old
lands of Delta and Valley, but their area is still
very small because of severe competition with
other cash and food crops. Therefore, the newly
reclaimed lands, such as North Sinai, which its
soil is characterized as sandy soil, are the main
way for maximizing the horizontal and vertical
benefits of such crops besides the important role
of these crops for soil building and improvement
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during the early period of new land cultivation.
Fodder beet is also, a very promising winter
crop to be grown on such new reclaimed lands
because of its wide adaptability to ecological
conditions.

The rate of photosynthetic CO, assimilation
is generally reduced under low water and soil
fertility in new reclaimed lands as it is partly due
to low stomatal conductance which lead to
restriction the availability of CO, for
carboxylation (Brugnoli and Lauteri, 1991).
Physiological changes (stomatal conductance,
transpiration rate, water and osmotic potentials)
under low fertility of sandy soils and high
salinity of irrigation water could be effective
criteria for resistant screening and maximizing
in plant breeding programs and agronomic
aspects (Ashraf and Harris, 2004; Parida and
Das, 2005; Ashraf and Foolad, 2007; Cha-um
and Kirdmanee, 2009; Kusvuran, 2012).
Stomatal response to various environments has
complex mechanisms influenced by many
factors; H,O vapor and gradients CO, (Larcher,
1995). So, leaf stomatal conductance as
fundamental process in higher plants need to be
stable to allow plant adaptation to environmental
changes and low quality of soil and irrigation
water (Souza et al., 2004)

The up-down fodder beet parts (top and root)
are used in animal feeding, especially, roots
(Ibrahim, 2005 and Turk, 2010), so, the
optimum population which produces maximum
leaves and roots yield must be taken in
agronomist care. In this concern, Leilah et al.
(2005) reported that the highest root yield of
sugar beet grown in sandy soils was obtained
with plant population of 114240 plants ha™.
However, Khogali et al. (2011) reported that hill
spacing (15, 20, 25 cm) had no significant
effects on fodder beet root and shoot fresh
weights. Also, Al-Jbawi et al. (2016) could
clarified the superiority of 25 x 50 plant density
with the highest production traits as compared to
other studied densities (25 x 50, 30 x 50, 25 x
60 and 30 x 60 cm.

As there is a limited information about
fodder beet photosynthesis in relation to
stomatal conductance and transpiration rate
under different planting methods and planting
densities at sandy soil conditions, this study was

initiated to investigate fodder beet responses to
transplanting and direct seeds under different
planting densities.

MATERIALS AND METHODS

This experiment was conducted at the
Experimental Farm, Faculty of Environmental
Agricultural Science, Arish University, North
Sinai Governorate, Egypt, during two winter
seasons (2012/2013 and 2013/214). This work
aimed to investigate the responses of fodder beet
(Beta vulgaris L.) yield and some photosynthesis
parameters to two planting methods (transplanting,
T; Direct seeds, DS) under six planting densities
(33.6, 28.0, 24.0, 21.0, 18.6, 16.8 thousand
plants fad.™). The used planting densities were
resulted from six distances between irrigation
lines i.e. 50, 60, 70, 80, 90, 100 cm, with 25 cm
within lines with 6.0 m long. Each experimental
unit contained five lines which occupying area
of 15, 18, 24, 27 and 30 m? according to line
widths (50, 60, 70, 80, 90 and 100 cm,
respectively). Each experiment included 12
treatments. A randomized complete block
design in a split plot design (RCBD) in factorial
experiment with three replications was used.
Planting methods were randomly devoted in the
main plots, while, planting densities were
arranged in the sub-plots. The cultivated fooder
beet cultivar was imported from Hungary called
Beta Voroshenger by Forage Crops Research
Section, ARC, Giza. Drip irrigation system was
used with saline ground water (3500-4600 ppm)
pumped from a local well. The total amount of
water consumed during the growth season was
estimated and was about 2600 m® fad.™ as an
average of the two studied seasons. The
mechanical and chemical analyses of the soil at
the experimental site are presented in Table 1.

The recommended rates of organic and
chemical fertilizer were applied in each season.
Organic manure (15 m® fad.™) and calcium super
phosphate (15% P,0s) at a rate of 100 kg fad.™
were added during land preparation in the
nursery then 200 kg fad.™ were added in the
permanent experimental field. Potassium
sulphate (48% K,0) at a rate of 100 kg fad.™
were applied at two equal doses; the first was
added after 30 days and the second dose was
after 90 days from sowing. Nitrogen fertilizer



Zagazig Journal of Field Crop Science 2339

(Urea 46% N) was added by the rate of 30 kg N
fad.? in the nursery after 21 days from sowing
and by the rate of 60 kg N fad.™ in the
permanent experimental field at six equal doses
through irrigation lines. The same rates and
system of adding were used for direct seeds
method (15 m® fad." organic matter, 300 kg
P,O5 fad.™, 100 kg K,0 fad.” and 90 kg N fad.™).
All other agricultural practices were carried out
as recommended.

Planting dates were on 29 Oct. in both
seasons for direct seeds and nursery (seedling
were transplanted after 45 days from sowing to
the permanent experimental field). Harvesting
took place on 9 June in both seasons. The
following parameters were measured for both
Seasons:

Stomatal conductance and transpiration rates
were measured on the newest fully expanding
leaf and oldest green leaf on the plant after 75
days from sowing. Measurements were taken on
five randomized plants of each treatment in all
replications by steady state porometer (mode LI-
6400, Li-or, Lincoln, NE, USA) between 10.00
AM and 1.00 PM at fully sun light (quantum)
ranged between 1600-1800 p mol m? sec.™, RH
(45-49%).

Yield

Five square meters area were harvested in
each plot (Albayrak and Camae, 2006) to
determine top and root fresh yields in kg then
converted to ton fad®. Ten guarded and
randomized plants were taken to determine root
length and diameter (cm).

Chemical Analyses

Root crude protein (CP%), crude fiber (CF%),
ash (%) were determined according to the
method mentioned in AOAC (1990). Ether
extract (EE%) was determined to calculate
nitrogen free extract (NFE%) as follows: NFE
(%) = 100- (CP + CF + Ash + EE%). Total
carbohydrates  percentage  (TCP%)  was
determined according to standard laboratory
procedures of forage quality analysis outlined by
Ankom Technology (2008) by the formula of
TCP (%)= CF (%) + NFE (%). Macro and micro
nutrients were determined according to AOAC
(1990)

Data were analyzed using the standard
analysis of variance (ANOVA) technique
according to Steel and Torrie (2000). Mean
values were separated using Duncan’s multiple
range test (Duncan, 1990).

Table 1. Average of soil mechanical and chemical analyses for the experimental site over the two

seasons

(1) Mechanical analysis: (Particle size distribution %o)

Sand (%)
Silt (%)
Clay (%)
Texture

(2) Chemical properties in (1:5) soil water extract:

Organic matter (%)
Ca CO; (%)

pH

EC (m mhos/cm 1:5)
Soluble ions (mg 1)

Cations

Ca™ 5.3
Mg** 3.1
K* 0.32

Na* 14.6

70

25

5
Sandy loam

0.65
6.13
7.63
6.57

Anions
HCO,™ 6.3
CL 15.02
SO,” 1.84
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RESULTS AND DISCUSSION

The results and discussion were focused on
the interaction effect between planting methods
and densities on fodder beet photosynthetic
activity and productivity.

Photosynthetic Activity

It is clear from the data in Tables 2 aand b
that treatments differed significantly with regard
to stomatal conductance (Sc) and transpiration
rate (Tr) for the new and old leaves of both
seasons and combined analysis. As for the main
factor (plant method), results in Tables 2 a, b
show that direct seeds method gave the higher
values of Sc (0.25 cm s™) and Tr (11.18 pg cm™
s™1) of the newest expanding leaf and Tr for the
oldest ones (2.86 pg cm™? s™) in combined analysis.
Concerning to the sub-main factor (plant
density), planting fodder beet plants either with
21000 or 28000 plants fad.” gave the highest
photosynthetic activity of the new leaf (Sc =
0.30 cm s, Tr =14.75 pg cm™ s and old ones
(Sc =0.09 cm s™?), while, the highest Tr value of
old leaf (3.91 pg cm? s™) was obtained when
plant density was 28000 plats fad.™. However,
the lowest values of Sc (0.19 cm s™) and Tr
(8.48 ug cm? s™) were obtained from planting
density of 16800 plants fad.?, while, 33000
plants fad.™ gave the lowest values of the Sc and
Tr for old leaf (0.04 cm s, 1.29 pg cm™? ™).

In concern to interaction effect, Table 2a
cleared that transplanting (T.) with 28000 plants
fad.? and direct seeds (Ds.) with 21000 plants
fad.? treatments gave the highest values of
stomatal conductance (Sc) (0.31 and 0.31 cm s™),
while, T. with 33600, 16800 plants fad.™ and
Ds. with 33600 and 16800 plants fad.™ gave the
lowest values (0.17, 018, 0.19 and 018 m s*,
respectively). In concern to Tr., the highest
values (15.14 and 14.08 pg cm? s?) were
achieved by T. and Ds. with 28000 plant fad.™
but the lowest ones (8.34 and 8.61 pg cm™? s™)
were obtained from T. and Ds. with 16800
plants fad.". Sc and Tr for the new fully
expanding leaves were higher four times than
old leaves (Table 2a, b). Data obtained from the
oldest leaves indicated that the lowest values of
Sc and Tr (0.03 cm s?, 1.13 pg cm? s™) were
obtained from transplanting with 33600 plants
fad.® treatment (Table 2b). The reduction of

photosynthesis rate as reflected of S and Tr were
higher for upper canopy leaves 3-6 times than
lower canopy leaves (Pearson et al., 1984)
because increasing leaf age and shading
declined both Sc and Tr faster than the younger
leaf, so stomatal conductance and transpiration
rate efficiency may be decreasing with aging.
These results are in harmony with those
obtained by El-Sarag (2013). The treatment of
transplanting with 16800 plants/fad., gave the
lowest Sc and Tr which may probably be due to
covered the soil surface and causing drought of
the soil. However, transplanting with 21000,
28000 plants fad.™ treatments and direct seeds
with 28000 plants fad.” treatment gave the
highest values of Sc and Tr than the other
treatments as these dense plants covered soil
surface well and reduced water evaporation
from soil surface during their growth and
development stages. Soil moisture is related to
photosynthetic activities which reflected to
higher vyield and vyield components. Also,
photosynthesis measurements suggested that the
new leaves maintain high photosynthetic rate
capacity over long period and continue
contributing more photosynthate to storage
roots, whereas the old leaves decline with aging
and consequently stomatal conductance (Sc) and
transpiration rate (Tr) were sharply declined and
productivity —reduced. The new leaves
assimilated about four times of photosynthate as
much as in the oldest leaves. Therefore, it could
be more beneficial to cut the old leaves for
animal feeding during the period of fodder beet
growth to develop and regenerate more new
leaves with high efficiency of photosynthetic
rate, stomatal conductance and transpiration rate
as well.

Root Dimension and Yield

Results in Table 3 indicated that root length
and diameter responded significantly to different
planting methods and densities in both seasons
and combined analysis. Direct seeds treatment
resulted higher root length and diameter (29.33,
43.36 cm) than transplanting ones (29.09, 42.11
cm) in combined analysis. Planting fodder beet
plants by 21000 plants fad.” gave the highest
root length (33.39 cm) followed by 24000,
28000 and 33600 plants fad.? (31.01, 30.76,
30.01 cm, respectively) but the highest root
diameter (48.82 cm) was obtained from 28000
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Table 2a. Means of stomatal conductance (cm s*) and transpiration rate (ug cm? s*) of the
newest fully expanding leaf of fodder beet under planting methods, densities and their
interaction for two growing seasons and combined analysis

Parameters Stomatal conductance (cm s‘l) Transpiration rate (g cm? s'l)
12/2013 13/2014 Combined 12/2013 13/2014 Combined
analysis analysis
Planting Transplanting 0.23b  0.24b 0.23Db 10.59 b 11.50 11.04b
method  hiectseeds 024a 026a  025a  11.10a  11.30 11.18a
33.6 0.18cd 0.19c 0.19¢ 8.89¢c 10.09 bcd 954 cd
28.0 0.30a 0.29ab 0.29 ab 15.63 a 14.08 a 14.75a
Plant density 24.0 0.23cd 0.24 bc 0.24c 11.34b  11.17bc 10.87 bc
(Thousand
plants fad.'l) 21.0 0.28ab 0.31a 0.30a 11.88 b 12.04 b 11.92b
18.6 0.26 bcd 0.28 ab 0.27 bc 10.98bc  11.92 bc 11.25 bc
16.8 0.18d 0.19c 0.19d 8.13¢c 9.02 cd 8.48 d
Interaction between Planting method and Plant density
33.6 0.18cd 0.19c 0.18c 9.11def 9.22cd 9.16de
28.0 0.34a 0.28a 0.31a 14.10ab 16.25a 15.41a
24.0 0.19cd 0.21bc 0.20bc  10.30cdef 10.85bcd  10.58bcd
Transplanting
21.0 0.30ab 0.29ab 0.29a 11.35cd 12.25b 11.80bc
18.6 0.23bcd 0.26abcd 0.25ab 10.58cde  11.88bc 11.21bc
16.8 0.16d 0.18c 0.17c 8.11ef 8.55d 8.34e
33.6 0.17d 0.20cd 0.18c 8.88def  10.95bcd 9.91cde
28.0 0.26abc 0.30a 0.28a 16.25a 11.90bc 14.08a
24.0 0.26abc 0.26abcd 0.26ab 10.83cde  11.48bc 11.15bc
Direct seed
21.0 0.26abc 0.33a 0.30a 12.28bc 11.83bc 12.05b
18.6 0.28ab 0.29ab 0.26ab 10.63cde  11.95bc 11.29bc
16.8 0.19cd 0.20cd 0.19c¢ 7.73f 9.48bcd 8.61le

Means have the same letters in the same column are not significantly different at P < 0.05 level.
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Table 2b. Means of stomatal conductance (cm s) and transpiration rate (ug cm? s*) of the
oldest leaf of fodder beet under planting methods, densities and their interaction for
two growing seasons and combined analysis

Parameters Stomatal conductance (cms®) Transpiration rate (ug cm?s™)
12/2013 13/2014 Combined 12/2013 13/2014  Combined
analysis analysis
Planting Transplanting  0.06 0.07 0.06 2.53b 2.96 ab 2.64 ab
method  pirectseeds  0.06  0.07 0.07 2.80a 2.74b 2.86a
33.6 0.03bc  0.08 0.04d 1.23 cd 2.54 bed 1.29d
28.0 0.09a 0.07 0.09 a 410a 3.70a 39la
Plant density 24.0 0.06abc 0.04 0.06bcd 27lbcd 343ab  2.77 bed
(Thousand
plants fad.™) 21.0 0.08ab  0.05 0.09 a 3.38 bc 3.17 bc 3.52ab
18.6 0.06 abc 0.08 0.06bcd 2.71 bd 2.56bcd  2.82bcd
16.8 0.04abc 0.07 0.05 cd 1.88 cd 1.73 cd 2.41cd
Interaction between planting method and plant density
33.6 0.02bc  0.04 0.03d 1.10h 1.15f 1.13¢g
28.0 0.08ab  0.09 0.09 a 4.15a 450a 4.33a
24.0 0.05abc 0.06 0.05bcd 2.55 cde 3.98a 2.65d
Transplanting
21.0 0.08ab  0.09 0.09 a 3.13 bc 3.33b 3.23¢
18.6 0.06 abc 0.07 0.06abcd 2.48de 2.88b 2.68d
16.8 0.04abc 0.04 0.04 cd 1.78 f 1.90 de 1.84 ef
33.6 0.03bc  0.05 0.04cd 1.35gh 3.93a 1.45fg
28.0 0.09a 0.09 0.09a 4.05a 2.90b 3.99ab
24.0 0.07abc  0.07 0.07abc 2.85cd 11.48hc 2.88cd
Direct seed
21.0 0.08ab  0.08 0.08ab 3.63ab 3.00b 3.80b
18.6 0.06abc  0.07 0.06a-d 2.93cd 2.20cd 2.96¢d
16.8 0.04abc  0.05 0.05bcd 1.98ef 1.55¢ef 2.09%

Means have the same letters in the same column are not significantly different at P < 0.05 level.
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Table 3. Means of root length (cm) and root diameter (cm) of fodder beet under planting
methods, densities and their interaction for two growing seasons and combined analysis

Parameters Root length (cm) Root diameter (cm)

12/2013 13/2014 Combined 12/2013 13/2014 Combined

analysis analysis

Planting Transplanting 25.27ab 32.90ab 29.09b 41.30b 41.30b 4211b

method  pirectseeds 2441b 3425a 29.33a  4548a 4154ab  43.36a

33.6 2299 36.86ab 30.0labc 49.52ab 44.59ab 46.63 ab

28.0 26.78 34.34ab 30.76abc 51.09a 4654a 48.82a
Plant density 24.0 26.05 3598ab 31.0l1ab 46.81abc 44.94ab 45.87 abcd

(Thousand

plants fad.™) 21.0 28.17 38.13a 33.39a  44.51bc 39.66 bcd 42.08 bed
18.6 23.45 30.99abc 27.28bc  40.33bcd 38.96cd 39.63 cde

16.8 21.85 25.14bc 2324c  33.11d 33.83d 33.4le

Interaction between planting method and plant density

33.6 24.90 35.23ab 30.06ab 44.93abc  41.40ab 43.16 bcd
28.0 28.85 35.98ab 32.46ab 52.58a 47.00a 49.79 ab
24.0 26.00 32.23abc 29.11ab 47.00ab 47.60a 47.30 abc
Transplanting
21.0 27.18 37.60a 32.39ab 44.43abc  40.08ab 42.25 cde
18.6 22.43  30.38abc 26.40bc  39.60bc 38.38ab 38.99 de
16.8 22.25 25.95bc  24.10c 29.00d 33.33b 31.16¢e
33.6 21.43 38.48a 29.95abc 54.10a 47.78a 50.04 a
28.0 25.43  32.70abc 29.06abc 49.60ab 46.08a 47.84 ab
24.0 26.10 39.73a 32.91ab 46.60abc 42.28ab  44.44abcd
Direct seed
21.0 30.75 38.65a 34.39a 44.58ab 39.23ab 41.90cde
18.6 24.70a 31.60abc 28.15abc 41.00bc 39.53ab 40.26de
16.8 20.43 24.33c  22.38c 37.00cdc 34.33b 35.66ef

Means have the same letters in the same column are not significantly different at P < 0.05 level.
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plants fad.™ in combined analysis. However, the
lowest plant density (16800 plants fad.™) gave
the lowest root length and diameter (23.24,
33.41 cm) in combined analysis. Concerning to
the interaction effect, direct seeds treatment with
21000 and 33600 plants fad.™ gave the highest
root length (34.39 cm) and root diameter (50.04
cm), while, the lowest values (22.38, 31.16 cm)
were obtained from both Ds. with 16800 and T.
with 18600 plants fad™. Similar results were
found by Pospisil et al. (2000), where they
explained that increasing the plant density from
40,000 to 160,000 plants per hectare resulted in
leaf surface reduction in each plant, so, the
growth and root yield of sugar beet plants is
almost consistent.

Total yield (Top and root) had significant
difference according to different planting
methods and densities in both seasons and
combined analysis (Table 4). In combined
analysis, Ds treatment gave higher top, root and
total fresh yields (11.3, 106.2, 117.5 t fad.?,
respectively) as compared to T. treatment.
Superiorities of 28000, 24000 and 21000 plants
fad.® were recorded for top fresh yield (12.7,
12.6, 12.9 t fad.", respectively), while, the
highest root and total fresh yields (126.5, 139.2 t
fad.?) were achieved from 28000 plants fad.™
treatment followed by 24000 plants fad.™
without significant difference (123.4, 135.0 t
fad.). However, the lowest top, root and total
fresh yields (7.6, 62.9, 70.5 t fad.™) were gained
from 16800 plants fad.™

In respect to interaction effect, in the first
season, data showed that the maximum total
fresh yield (149.6 ton fad.™) was achieved when
fodder beet was cultivated by direct seeds with
21000 plants fad™., followed by 28000 plants
fad®., with mean value 141.0 ton fad.™.
However, the minimum total yield (57.9 ton fad.™)
was obtained with transplanting fodder beet with
16800 plants fad.™. Concerning to the second
season, direct seeds with 21000 plants fad™.,
gave the highest mean of total fresh yield (152.1 ton
fad.?), while, transplanting with 16800 plants
fad™., gave the lowest mean (63.3 ton fad.™). In
combined analysis over the two growing
seasons, the same trend was realized with
highest mean value of total fresh yield (150.9
ton fad.™) which obtained from direct seed
method with 21000 plants fad., while, the

lowest mean value (60.6 ton fad.™) was gained
from transplanting method with 16800 plants
fad™. Similar results were provided by El-Sarag
et al. (2005)

Simple Correlation Coefficient

The relationship among the studied criteria
are shown in Table 5 which show simple
correlation coefficient between total fresh yield
(Top, Root) and some parameters. Top, root and
total fresh yield were highly and significantly
(P<0.01) correlated with root length (r = 0.880,
0.821, 0.829, respectively), while, root diameter
was significantly correlated with root and total
fresh yields (r = 0.702, 0.699). However, there
were no significant correlation for root diameter
and top vyield. New leaf transpiration rate (Tr)
was significantly correlated with top, root and
total fresh yields (r = 0.603, 0.612, 0.596,
respectively). Finally, high total fresh vyield
tended to have high positive correlation with
root length and diameter as well as transpiration
rate of new leaf. This means that the increase in
root length, root diameter and new leaf
transpired would be associated with the increase
in total fresh yield of fodder beet. So, these
parameters could be an important factors for
improving total yield of fodder beet under sandy
soil conditions (Albayrak and Yuksel, 2009,
2010).

Chemical Composition

Comparing to various chemical constituents
among the twelve treatments and over the two
growing seasons, data in Table 6 show chemical
composition and feeding value of fodder beet
roots grown in sandy soil of North Sinai
Governorate. Composition of macronutrients
such as P, K, Ca and Mg was more balanced for
feeding on fodder beet. Therefore, the
treatments which gave the highest range of these
elements may be very useful for improving the
feeding value and quality of fodder beet.
Improvement in P content is necessary to obtain
low Ca/P and K/Ca ratios which are a desirable
characteristics in forage for animal feeding.
Similar results were obtained on sugar beet
by Leilah et al. (2005) and Jafarnia et al. (2013),
where they reported that increasing plant
density caused reduction in root potassium
and sodium content. Concerning the
micronutrient continents of Fe, Mn, Zn and Cu,
they were differed significantly between and
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Table 4. Means of top, root and total fresh yields (ton fad.™) of fodder beet under planting
methods, densities and their interaction for two growing seasons and combined analysis

Season 2012/2013 2013/2014 Combined analysis

Fresh yield (ton fad.™)

Top Root  Total Top Root Total Top Root Total

Planting Transplanting 106b 926b 1032b 117 961b 107.4b 108b 945p 1053D
method  pirectseeds 111a 1046a 1156a 115 1079a 1194a 1132 1062a 1175a
336  109abc 97.9c 1088cd 11.2bcd 1014c 1128b 1llbed 997bed 1108cd
28.0 127a 1241a 1184bcd 12.8abc 1289a 141.7a 127ab 12653 13922

Plant density 24.0 12.7a 1208abc 1335a 125abc 125.9ab 138.4ab 12.6ab 123.4abc 1359ab

pngsuffg 9) 210 124ab 1122bc 1248b 133abc 1153b 128.7ab 129D 1139pcd 126.8 bed
186 90bc 758d 848d 103cd 759d 856c 97C  759c¢  854cC
16.8 75¢c 607e 68le 77d 652e 729d 76d g29d 705d

Interaction between planting method and plant density

336 114c 1104f 1218f 11.9d 1135e 1257e 11.7de 1121f  1238e
28.0 139a 127.1b 141.0b 140b 1351b 149.1b 139p 1311b 14500
24.0 12.8b 1169e 1297e 130c 1222d 1352d 129c 1195  132.5d

Transplanting
210 10.7d  89.3h  100.0g 11.0def 94.3g 105.3f 10.9ef  91.8h 102.6f

186 89 598k 688] 98gh 559] 657i 94h 579k 672
16.8 58f 521i 579k  63i 569] 633 61i 5451 606
336 104d 853 957h 104fg 893h 9989 104fg 8731 97.8g

28.0 114c 1209d 1323d 116de 122.7d 1342d 115de 121.8d  133.3d
_ 24.0 125d 1247c 137.2c 119d 1297c 1415c 122d 127.2c  1394c
Direct seed

21.0 141a 1355a 1496a 156a 1365a 152.1a 148a 1360a 1509a

186 91e 9179 1008y 10.7efy 958f 1055f 9.9gh 938y  103.5f

16.8 89  693j 782i 91h  734i 825h  9.0h 714j  80.4h

Means have the same letters in the same column are not significantly different at P < 0.05 level.
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Table 5. Simple correlation coefficients between total fresh yield (top + root) and each of root
length, root diameter, new leaf stomatal conductance (New leaf Sc), new leaf
transpiration rate (New leaf Tr), old stomatal conductance (Old leaf Sc) and old
transpiration rate (Old leaf Tr) of fodder beet over the both studied seasons (2012/2013

and 2013/2014)

Parameter Top yield Root yield Total yield (Top + Root)
Root length 0.880** 0.821** 0.829**

Root diameter 0.383NS 0.702* 0.699*

New leaf Sc 0.499NS 0.489NS 0.489NS

New leaf Tr 0.603* 0.612* 0.596*

Old leaf Sc 0.478NS 0.479NS 0.471INS

Old leaf Tr 0.528NS 0.531NS 0.519NS

*, ** and NS indicate significant at 0.05, 0.01probability level and not significant

Table 6. Chemical composition of fodder beet roots over the studied treatment and growing
seasons under sandy soil conditions of North Sinai Governorate

Parameter Range Average Coefficient of variation (%0)
Crude protein (%) 13.6 -11.0 12.3 5.40
Crude fiber (%0) 6.1-51 5.6 4.90
Carbohydrate (%0) 745-70.0 72.3 7.80
Ash (%) 13.0-6.5 9.8 8.88
P (%) 0.29-0.18 0.24 8.49
K (%) 6.00-2.19 4.10 6.14
Ca (%) 1.84-0.71 1.28 6.50
Mg (%) 0.95-63.0 0.71 3.35
Fe (ppm) 415.8 - 302.5 359.2 7.50
Mn (ppm) 95.8-63.0 79.4 10.0
Zn (ppm) 65.3-30.0 47.7 11.62
Cu (ppm) 19.9-10.6 15.3 5.90

*, **and NS indicate significant at 0.05, 0.01probability level and not significant
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within treatments. Iron content reached about
45, 7.5 and 23.5 times as much as, Mn, Zn and
Cu, respectively. However, transplanting
method with lowest plant density improved
fodder beet content by having higher
micronutrients than the highest ones. In this
respect, the deficiencies of trace elements
caused serious disturbances in productivity and
fertility of animals resulting in a low
reproduction rate and early sterility. These
results are probably due to the plants’ reaction to
the environmental condition such as shorter
daylight hours and colder nighttime
temperatures. These results are in harmony with
those obtained by Albayrak and Camae (2006)
and Tiryakioglu or and Turk (2012).

Conclusion

According to the mentioned results of this
investigation, it could be recommended to
cultivate fodder beet directly by seeds with
21000 plants fad. (80 cm between lines) to
maximize its photosynthetic activity and total
fresh yield under sandy soil conditions of North
Sinai Governorate and similar areas.
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