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ABSTRACT

Recently, there is a great need to find out the proper
technical recommendations for improving the productivity and
quality of sugar beet under Middle Egypt conditions. Therefore
,this study was conducted at Mallawi Agric. Res., Station, Minia
Governorate, Egypt, during Y« «Y/Y++Aand Y+ +A/Y++4 seasons to
examine the effect of nine planting densities, i.e. YA.++ (V")
plants/fed at ridges, rows and beds , ¥e.+ «(Y+") at ridges, rows and
beds and ¢1.%V()+") plants/fed. at ridges, rows and beds, on
productivity traits and quality characteristics of sugar beet .A
randomized complete block design(RCBD) with four replications
was used .

The obtained results indicated that plant density $¢1%.1V
(Y +")/fed at beds of sugar beet produced the highest values of roots
number/fed. at harvest (¥.AV():")roots/fed.) and root length
(¢£.A9cm) ,as well as the lowest value of root diameter (Y +.£ Ycm).
The lowest values of roots number /fed.at harvest (Y¥.:¥ (V+)
roots/fed) and root length (Y4.Ye cm) were scored for plant density
of YA.++ (Y +")/fed at rows.

High plant density at beds (¢1.%V()+") plants/fed ) achieved
the highest values in both of pol% (YV.«Y% ), sugar recovery %
(Ye.+¥7) and quality index (AA.YVZ) and lowest values in K , Na
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and a-N contents (¥.Y+, Y.YA and Y.AY meg/)++ gm). Low plant
density at rows (YA.+ +(Y+") plants/fed.) recorded the lowest values
in both of pol% and sugar recovery%( (\¥.V+ and Y+.£¢7) and
highest values in K, Na and a-N contents being ¢.¢4, Y.¢¢ and
Y.£2 meq/\ + +gm, respectively.

Under the Middle Egypt conditions, high plant density at
beds (£%.1Y(Y+") plants/fed.) was recommended because it
achieved the highest values of root and recoverable sugar yields(
¥o.¢% and °.¥Y ton/fed, respectively ). Therefore, increasing
income value of grower and sugar production for the factory as
well as increase the efficiency of water use .This also will help in
reducing the vast gap between sugar consumption and production
on the national level .

INTRODUCTION

Sugar beet ( Beta vulgaris , L.) is a new cultivated crop in Upper
and Middle Egypt started in Y44V season at EI.Minia Governorate and
in Y«+«) season at El.Fayum Governorate). It is a crop of short
duration and requires less water Egyptian Government imports large
amounts of sugar ,i.e. about Y.)+ 4 million ton ,every year to face the
rapid demand due to the increase of population . Sugar beet plays a
prominent role for sugar production , about YV.:A% of locally sugar
production which reached Y.%) million ton in Y.+ % season. Recently ,
more attention has been given to grow and development sugar beet
crop to overcome the gab between sugar consumption and
production.( EI. Geddawy et al. Y+ +Y ; Abd EI. All, Y+ Y ; Gaweesh ,
Y«+Yand CCSC,Y+ V).

However, many studies are required to find out proper technical
recommendations for improving productivity and quality of sugar beet
under Middle Egypt conditions. Recent study by EI- Sheref (Y::V)
found that sugar beet grown in ridges or beds gave the highest values
of root length and diameter , root weight ,pol %,quality index, root and
recoverable sugar yields (ton/fed) .While, the highest values of
impurities (K , Na and a-amino N contents ) were scored using rows.
On the other hand, other studies revealed that increasing the plant
density up to £€Y-. -+« plants/fed significantly increased root and sugar
yields/fed, after which the increase in plant density was acompanied
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with a reduction in root and sugar yields/fed. Also, pol% and sugar
recovery % of beet roots were significantly increased with the increase
in plant density .This might be attributed to that the increase in plant
density reduced root size and consequently provied higher pol%. and
decreased impurities (K , Na and a-amino N contents ) (Taha ,)3Ae ;
Kamal,et al Y3A% ; ElLKhatib ,Y4%) ; Lauer Y%4° and Ramadan
,1444),

The present study was designed to examine the effect of different
plant densities on productivity and quality traits of sugar beet, and
find out the optimal plant density which achieve best productivity and
quality of sugar beet under Middle Egypt conditions.

MATERIALS AND METHODS

This work was conducted at Mallawi Agric. Res. Station El
.Minia Governorate, Egypt, during Y+ +V/Y++Aand Y+ +A/Y .+ seasons
to study the effect of nine plant densities, of sugar beet cultivar
namely  Kawamera YA+ (VD)ffed, Ye..+(V:")fed, and
£1.1v()+")/fed , at ridges, rows and beds. A Randomized Complete
Block Design (RCBD) with four replicates was used. Plots area were
Y+.»m" (each plot consisting of *+ cm wide for ten ridges ,while )+ -
cm wide for six beds, each of ©.+ meters long) and were distributed as
given in Table (1).The soil of experimental site has a silty clay loam
texture with pH of A.Y+ | ).Y° organic matter , Y1.Y° ppm available N,
1.Ye ppm available P and Y)+ ppm K .Other traditional cultural
practices were used as usually followed in sugar beet fields under the
Middle Egypt conditions during the two seasons .
Data recorded:
A- Vegetative traits: At harvest () 9° days from sowing ), samples of

V « plants from each plot were taken at random to record:

Y- Number of extractable roots /fed.

Y- root length (cm) .

Y- root diameter (cm).
B- Quality characteristics:

A samples of twenty roots were taken at random, ,cleaned with

running tap water, dried, each sample was ground separately with
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grater into cossettes and mixed thoroughly to determine the quality
characteristics as described in Cooke and Scott, (Y44Y) .
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Table Y: Plant densities in ridges, rows and beds .

. Rid_ge Hi!l Plant

Plant density Area/Plant | spacing spacing | .ctribution
(cm) (cm)

YA+ +(\+")/fed at ridges . ve One side
YA+« (Y ")/fed at rows Vo cm' iE G One side
YA+« () +")/fed at beds Voo r. Two sides
Yo« () "Y/fed at ridges . v One side
Yo, . (A ")/fed at rows 'Yeocm' e Y. One side
¥e,.+ (V")/fed at beds Voo v¢ Two sides
£1.1V() « ")/fed at ridges . Ve One side
€31V () +")/fed at rows 1eecm' 1. o | Oneside
£33V (1 ")/fed at beds 1es 1A | Twosides

*Feddanarea= ¢Y:+m'

V- Pol % was estimated in fresh samples of sugar beet roots, using
saccharometer according to the method described in AOAC,
(Y++0).

Y- Alpha amino nitrogen, sodium and potassium contents were
estimated according to the procedure of sugar company by Auto
analyzer as describle in AOAC, (Y- +2),The results were expressed
as milliequivalent / + + gm beet.

Y- Sugar recovery % was calculated using the equation reported by
Cooke and Scott ()34Y):

Sugar recovery % = Pol,%- [+.Y% + +.¥¢Y (K + Na)ta - N

(+.+39)],

Where, K, Na and o - N determined as milliequivalent/) « + g beet.
¢- Quality index was calculated as in Cooke and Scott ()24Y) using

the following formula: Quality index, % = Sugar recovery % X

Yoo+ Pol %

C- Productivity traits :

V. Roots yield ( ton /fed): were determined as roots yield ton /fed on
fresh weight basis at harvest (at Y 4¢ days from sowing) .

Y. Recoverable sugar yield (ton/fed) was calculated from the following
equation : Recoverable sugar yield (ton/fed)= Roots yield (ton/fed)
X Sugar recovery % .
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Data collected were subjected to the proper analysis of variance
(ANOVA). The proper statistical of all data was carried out according
to lined by Gomez and Gomez ()4A¢). Differences among treatments
were evaluated by the least significant difference test (LSD) at © per
cent level .

RESULTS AND DISCUSSION
Vegetative traits :

Results in Table Y reveal that plant density had a highly
significant effect on vegetative traits of sugar beet, i.e. number of
extractable roots/fed.at harvest in the Y* season, root length (cm) in
the Y™ season and root diameter (cm) in the two growing seasons. It
could be noticed from combined analysis that increasing plant density
of sugar beet from YA up to Yo and £3.1Y () "roots/fed. led to an
increase in the number of extractable roots/fed.at harvest by Y+.AY and
£Y.Y17 and root length (cm) by Ye.4Y and ¥).) 1%, while, root diameter
(cm) was decreased by YY.AY and YY.)Y % respectively. These results
might be due to the increase in plant density of sugar beet may led to
competition for growth elements. The present findings are in line with
those reported by Kamel et al.(Y4A%) and Ramadan () %94) who found
that increasing plant density from YY¥%.. to ©%... plants /fed
decreased number of roots at harvest. The also added that plant
population loss at harvest was more at higher density .

Table Y also shows that beds planting of sugar beet recorded the
highest values of extractable roots number/fed. at harvest ¥:.YY ('
roots/fed.) and root length (¥4.£Ycm), while, the highest value of root
diameter (YY.YYcm) were scored for ridges planting. These results
might be due to different shares of utilized nutrients, water and other
factors growth.Hilal (Y+++) and El.Sheref(Y: V) reported the same
results. They pointed out that planting systems had a significant effect
on vegetative traits of sugar beet .
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Table Y: Effect of plant density on the number of extractable beet
roots (Y + )at harvest, root length and diameter (cm) .

Number of
extractable beet ;
Root length (cm Root diameter (cm
roots (Y + ) /fed at gth (cm) (cm)
harvest
Plant density S B D
= |z |5 |z & |5 |z |z |3
> = > c > S
5] o S
o o o
YA ()T YA V¥A
o (Voted Dy veas [rree [ wrev | T v an | T veav] vrae
at ridges r r
YA oo (VT Yq. v \YLY
o (Ve )/ffed YY A YRy [ vroow| ey, ©lyave KT ERE XN
at rows ' '
YA oo (Vo7 vea ARA
v (Y )/fed YEW | YOV Y AN VY VY e A o YY.ew | VY ey
at beds v '
¥y VYA
Mean AR R TR LN L] B L AN T IR LA IR AT
Yo uu(Va" V.. 'Y
- (Y )/fed YA Y| YA e YAV ¥ T e RA [ YYLEY ] Y YLYA
at ridges v '
Yo uu (Vo YA 1y
< (VNted ey e [ vars [xvaavrexs | TR resn [0 v an ] vy
at rows N r
Yo uu (Vo £..Y Yo
ot (Ved g e [ ave [vavaeare | T frare [V | vy
at beds ' v
K3 XN
Mean YAFS YA YAVA[FLYAL T A v 1 e
v T AR VoA
SR AL T N PR R o PRS2V IR PRV IR FRYIVI B ORPYY
at ridges v v
gy ()T FA Ve
SV Oed uy qy [ ever fevvs raar | TN Teasr [ St v ey
at rows N r
€AY (VT to.V ey
AV O ed g o e freav]se | F0Y feene| Y o] v
at beds N r
£Y.Y Yo
Mean rreT et rray fenrr] T er vy ] A,
K VY.Y
Average  Of | v\ yo | yaar [vaonlrira| " fenval YT fvvev] veey
ridges v v
v YYLA
Average of YVt | YA ¥ | YVvY [re e P X 2 I KX 2N BRI
rows v N
PN X
Average of YANY [ POV VO Y| FARA creey TUINYYA| VY
beds A v
K K%
Overallmean ZXTERLRLA VWAL SR AT I LA R B AR YN ERRWE
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F value *x Ns *% Ns * *% *k *% s
LSD +.*® o - 0N - o A L on oYY o Ye A1

Combined analysis show that plant density(¢1.7Y (Y +")/fed at
beds )of sugar beet contained the highest values of extractable actual
roots number /fed.at harvest (Yo.AY():"roots/fed.) and root length
(¢€.Aecm) as well as the lowest value of root diameter () +.£Ycm) .
While,the lowest values of extractable actual roots number /fed.at
harvest (Y¥.» ()« )roots/fed) and root length (Y4.Ye cm ) were scored
for plant density (YA.++ () +")/fed at rows) . These results might be due
to different shares of utilized nutrients, water and other factors growth
. Plant density YA+« plants/fed at ridges achieved the maximal value
of root diameter (YY.Ae cm). Similar results were reported by
Ramadan (Y444) Hilal (Y:++) and El.Sheref(Y++VY) who pointed out
that planting density had a significant effect on vegetative traits of
sugar beet.

Quiality characteristics :

Data in Tables, ¥ and ¢ reveal significant differences among
plant densities in quality traits of sugar beet, i.e. pol and a- N content
in the two growing seasons and in the Y™ season for K content and in
the Y*' season for sugar recovery % of sugar beet. Combined analysis
show that increasing plant density of sugar beet from YA up to Y° and
£1.1Y (0+") roots/fed. increased pol % by Ye.\) and YY.-£¢7, sugar
recovery% by Y..1¢ and YY.¥o/ and quality index by ¢.AY and
Y.oAZ while decreased Na content of beet root by V.4Y and Y¥.V¢ % |
K content of beet root byYe.£V and Y1.9A % and a- N content of beet
root by A.eY and YA.1e7, respectively . The present findings are in
line with those reported by Kamel et al.(Y%A4) and Ramadan () 444)
who revealed that pol% , sugar recovery% and quality index
significantly increased with the increase in plant density of sugar beet
in both seasons.

Combined analysis show that beds planting increased pol % by
Y.VA and ©.1) % , sugar recovery % by Y.\ and A.£YZ and quality
index by Y.¥Y and Y.147, while decreased Na content by ¥.4%1 and
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Y.¢\/ , Kcontent by ©.©) and Y).:YZ , a- N content by 1.V and
VY.V Y7 compared with ridges and rows planting ,respectively . Similar
trend was obtained by Hilal (Y+++) and ELSheref (Y:+V¥) who
revealed significant differences among quality traits of beet roots
between planting patterns , i.e. ridges , rows and platforms.

Table ¥ : Effect of plant density on pol%, Na and K contents
(meg/\ + + gm) of beet roots.

Na content K content

pol% (meg/\ -+ gm) | (meg/) - - gm)

Plant density

\St

o - o - k=]
c » c « c
> - > - >

combined
combined
combined

-
o

YA «(V+NYfed atridges | YY.Y [ Ve [ awr e [ v ea ]y, g 60810 | ¢ ¥,

YA« (Ve N)fedatrows [T [VFa [ vy [ oAl v e[V ee e n0 | £ or |t 0q

YA (Ve Mfedatbeds [T [VFA R [ ge [ v e [y ee [ ey [ g [y,

Mean ey [ avs [aww [ vey [y ev |y ea s gr | e vw | g vy
v v v

Yoo (V")fed atridges | Ve.t [ Ve [ Yoo [N ¥A[ A Y[ A rA ¥ AL [r Y[ rVe
v A

Yoo« (V+fedatrows | YEA [ Yo [ ve s [y ev v er [y ge [ [y Ae|ray

\‘a...(\.")/fedatbeds Yo [ Yo v [ Yo | APy AYY Y Py YAY Yoo | Y oA

v A

Mean Yo Y [ Yo o | Vo ¥ [N YA [ VYV VYA YAY| YV YV
v \ 4

i't,'W(\.")/fedatridges AT 0 A T 0 O T 2 P o I O A TR O R T I o U B O
NG . Y

i't_'W(hr)/fedatrows YO M| Y v [ Yo 8 [ A YAV YY Y PP Ay | YooY | Y oA

£V (Y fedatbeds | VA [V v Ty YA v [y xa [ vy [rav vy,

v . \
Mean (RS RE R NRE SN L NI LI AN RN X AR R
. . ]
Aveage of ridges VEAQ [ YO Y [ ey [V 60 [ VWALV WA FAY [ ¥ Ve | ¥AY
1 q \
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Aveage of rows YE 0 [ YEN | VEN [V 6NV E¥ |V g0 g va | raAY | £ WY
v . v

Aveage of beds Yo v Yo o [ e £ [ V¥ [\ FE Y Ko [ ¥UA Y ey | ¥y
\ q °

Overallmean YEQ | YO N [ Yo v [ VEN | VPA Y E [ AL | FYY | YAY
¢ q v

F value *x *x *x Ns Ns Ns Ns *x *

LSD :.-° A EREEREE - - - A

Combined analysis showed that plant density at beds (¢1.1V
(V") plants/fed) achieved the highest values in both of pol% (V. Y7),
sugar recovery % (V°.+Y7) and quality index (AA.YVZ) as well as the
lowest values in both of K, Na and a-N contents (.Y, Y.YA and ).AY
meg/V:+ gm), while, low plant density at rows (YA.++()+")
plants/fed.) contained the lowest values in both of pol% and sugar
recovery% (VY. + and ) +.£¢7%) and the highest values in both of K, Na
and o-N contents (£.2%, V.22 and Y.¢° meq/)+gm) ,respectively.
Ramadan (Y244%) Hilal (Y+++) and EL.Sheref (Y. V) reported similar
effects.

Table ¢: Effect of plant density on sugar recovery%o, quality index
and a- N content (meg/" + + gm) of beet roots.

o a- N content
Sugar recovery % quality index
(meg/) + + gm)
e} © ©
Plant density @ @ @
= |z | 5|z |8 |5 |z |z |35
> IS > IS > IS
o o (@)
o o o
YA ()T
Ace(Ve)fed at |y olyy valy e AV A aA[AY Yo |Avex | Yorr | Yovw | YA
ridges
YA ()T
co()ed At |y ey e [y [vary [Avve | vata] vy | YA | voee
rows
YA ()T
o (V)ed Aty Ty de vy v Ay er | Av.ag|AYYe] Yoy [ Y. | vy
beds
Mean Ve AN N [ Ve AO A€V AYNO|[AYAY| Y¥Y | Y.YY | Y.¥a
Yo va(YV"
Coor(Ve)ffed At | yw yul vy v [vevy (Ao e |Agre | Asval Yoy | Yy | voag
ridges
Yo va(YV"
e (V)fed At g wg vy v [vyev [Aver | Astg At g] Yrr | YA | Yoxy
rows
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Yo v \nr
R AR L L B B I R PN e T IR M R TR R Y.

beds
Mean VYAV [ VF YN (VY. 8 [AEas |[AOAY|AG Y| YA | Y. oA | Y. 0
V(YT
LAV fed At |y g sy veew [ Asve|Av.ea[av.ry| vae | vas | v.4e
ridges
£ V(YT
V(Y )ffed At e sa ]y as [vrvy | aver [Atoal At [ Yor | van | v
rows
£V T
SV )fed At |y vy vy ve oy (Ao | AAEY [ AAYY] YAS | VLAY | v AY
beds
Mean VENR[ Ve o¥ [V Er AL AL AV YAV Y| V. aE | v.ax [ y.ar
Aveageofridges VY RE[AY AV AY AV AE YR AE AT AE V| YN | Y\ | Y VY
Aveageofrows YY N [YY YO NY YY|AY AAN|AY VAAY YE| Y YY | Y YY | Y YY
Aveage of beds | VF. A[vr ervr Ao vy Ao as[aosal Yooy [y an ] v aA
Overallmean VYN ANV AN Y VR AEAF A A A ER] YaAr [ Y.oa | Yoy
F value kel Ns *x Ns Ns Ns *x kel kel
LSD v 00 ..\Y - ..\A - - - ...i ._.A v a0
Productivity traits :

Results in Table © show highly significant differences among
plant densities with regard to root yield of sugar beet in the Y™ season.
It could be noticed from combined analysis that increasing plant
density of sugar beet from YA up to Yeand £1.1Y () +") roots/fed. led to
an increase in root yield (ton/fed) by ¢.)+ and Y.:°7, and sugar yield
by Y¢ VY and YV.e+/ respectively. The results could be due to the
increase in number of roots/ fed at harvest and pol% of sugar beet with
increasing the plant density (Tables Y andY). These findings are in
harmony with the findings of Lauer () 99°) and Ramadan (Y444) .

It could be noted from combined analysis (Table ©) that beds and
ridges recorded the highest values of root yield(ton/fed) of sugar beet
by YY)+ and YY.)+ % and recoverable sugar yield(ton/fed) by Y4.4¢
and V.V« %compared with rows, respectively . This is possibility
due to the increase in number of roots / fed. and pol % under beds and
ridges planting . These findings are in agreement with those obtained
by Hilal (Y+++) and El.Sheref (Y::Y) who revealed that planting
systems ( ridges, rows and beds ) had significant effect on root and
recoverable sugar yield of sugar beet.

-Yvyo
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It could be noticed from combined that high plant density at beds
(£7.7Y () +Droots/fed) achieved the highest values of root and
recoverable sugar yields (Y¢.£%1 and ©.YY tons/fed, respectively), while
low plant density at rows (YA.»+ ()+")roots/fed) scored the lowest
values of of root and recoverable sugar yields (Y4.9¢ and Y.\Y¥
tons/fed, respectively). Such data are in agreement with those
reported by Ramadan (Y 44%) Hilal (Y-« +) and El.Sheref (Y+ +V).

The present study recommended the use of high plant density at
beds (£7.3Y () "roots/fed at beds) Middle Egypt conditions. These
will results in because the highest values of root and recoverable
sugar yields ( Ye.£1 and °.YY ton/fed, respectively) , increasing
income value of grower and sugar production for the factory, and
increase the efficiency of water use. Also, reducing the vast gap
between sugar consumption and production on the national level .
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Table ¢: Effect of plant density on root and recoverable
sugar yields(ton/fed) of beet roots.

Root yield(ton/fed) Sugar yield(ton/fed)
Plant density vt ynd combined | ' | Y™ | combined
YA, () +")/fed at ridges | Y¢.Ne | Ye,.% YE AR YAV | r.AL ¥.VA
YA oo (\")/fedatrows Y4.¢) Yo EA Y4.,4¢ Yoo | ¥ Y. Yoy
YA« (V+")fed atbeds |YY.ee| ¥u,.¥ Ye vy YA £ ¥4
Mean ¥Y.o. | YrAe rYAY \ XA A RAT AT
vo v v(V+")/fed at ridges | Ye.t+ | Yo fA vo it tNe | £ VY £ A
vovv (V+)fedatrows |YV.1E| YYve vy £t Ay | e vy IR
¥o.v (V+")fed atbeds |Y¢.4) | ¥4.¢8 vov. tve | €4V €%
Mean FEAAN| Yo .V v o AT ERT] g4V
€17V () "Yffed at ridges | 0.4V | Ye.Ye re.t o4 | ey o).
€10 (0 ffed at rows | ¥V.YY | rv.ay YN £.Y¢ | ¢ 0V £,
€10V (V2 ffed atbeds | ¥EXY | YR Yo ¢4 6.4 | o0V oy¥Y
Mean YEAE | ve At LERL! A | 0,09 £.40
Average of ridges Yo ve Yo ¥ Yo r. £EV | £ 0A ¢, 0¥
Average of rows Y.t Yy, vy ¥y.€4 YVY | €0 YA
Average of beds Ye vy yayy Yoy, £YV | £ A8 ¢y
Overallmean ryY ¢t ey Yé v ¢4 | €,.¢9 ¢Y¢
alue Ns * * Ns Ns Ns
v a0 - \.Ye 40 - - -
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