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ABSTRACT

Two field experiments were conducted at Sabahia Agric. Res. Station in
Alexandria during 2002/ 2003 and 2003 / 2004 seasons. The objectives of this
investigation was aimed to study the effect of some cultivars of sugar beet (Farida,
Lados, and Athospoly) to some growth regulator treatments [indol acetic acid ( |IAA ) and
gibberellic acid ( GA3) ] at different concentration ( control, 100 ppm IAA, 200 ppm GA3s,
300 ppm GA3,( 100 ppm IAA + 200 ppm GA3)and ( 100 ppm IAA + 300 ppm GA3) on
root yield and its quality. A split plot design in four replications was used. The main
finding could be summarized as follows:-

The results indicated that studied cultivars significantly differed in all studied
characteristics under study exclusive root diameter and juice purity in both seasons as
well as root weight in g / plant in the first season only were insignificantly affected.
Farida cultivar surpassed Lados cultivar by 6.8 and 12.9 %, Athospoly cultivar by 5.5
and 9.3 % in root and sugar yield / fed, respectively over both seasons.

Regarding growth regulator treatments, the results indicated that all studied
characters significantly affected in both seasons except juice purity in the first season
only insignificantly affected. Foliar application of GA3 at 300 ppm significantly produced
the highest root diameter, root length, root weight in g / plant, total soluble solids ( T.S.S.
% ), sucrose, juice purity percentages as well as root and sugar yields / fed in both
seasons. Root yield increased by 37.5 % and sugar yield by 66.6 % with spraying GA 3
at 300 ppm compared with the check treatment over both seasons.

Generally, it could be concluded that foliar application of GA 3 at 300 ppm with
sown Farida cultivar maximized root and sugar yields per feddan.
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INTRODUCTION

Sugar beet ( Beta vulgaris , L. ) is considered one of the two important
sugar crops in the world as well as in Egypt. It is well established that among
sugar beet varieties, root and sugar yields as well as sucrose percentage
related to inherent growth capabilities vary widely. Also, the wide variability
response among genotypes to environmental factors. Some investigators have
reported differences among sugar beet varieties in root yield and quality.
Kamel et al (1981) found that multigerm cvs. significantly produced heavier
roots than the monogerm ones, while the monogerm cvs. had the highest
sugar content. Ramadan, (1999) reported that the Eva variety had the best
quality traits in terms of sucrose, purity and recoverable sugar percentages as
well as the lowest impurities in the root, while Raspoly variety gave the highest
root weight, the highest number of roots at harvest and out yielded the other
varieties in roots and sugar production.
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It is well known that growth hormones play a vital role in the control of
growth, not only within the plant as whole, but apparently also within individual
organ of sugar beet. Many investigators utilized growth regulators to increasing
sugar beet yield and quality. Khalil, and Reda (1975) reported that GA ,
increased sugar and root yields. Bhatnagar and Raj, (1978) concluded that the
highest root yield and sucrose percentage was observed when the varieties
were sprayed with1000 ppm. GA ; at 81 and 91 days after planting. Also they
concluded that the effects of GA ; were genotype specific. Agarwala et al
(1978), reported that foliar application of GA ; and 1AA increased sugar and
root yields. Papakosta — Tasopoulou, and Sficas, (1978) found that spraying
GA ; increased total soluble solids and root yields of sugar beet. Saftner and
Wyse ( 1980 ) observed that it has been proposed that sucrose is co —
transported with potassium and counter - transported with proton across the
tonoplast on the sink cells and this process is apparently stimulated by the
hormones |AA and ABA. Also they stated that GA ; and IAA affected on
sucrose up — take by sugar beet root tissue. El — kassaby et a/ ( 1988 ) found
that application of GA 3 at 1000 ppm significantly increased root dimension,
sucrose percentage, root and sugar yields when compared with control.

Indol acetic acid (IAA)has been implicated in energy dependent phloem —
loading process. ( Ho and Baker 1982; Daie and Wyse, 1983). Daie (1987)
stated that the hormonal control of sucrose — metabolizing enzymes in leaves,
suggesting that GA; and IAA may be crucial roles in the partitioning of carbon in
this tissue.

On the other hand, Abo El — Ghait ( 1993 ) investigated the effect of
foliar application of IAA at 0, 1000 and 1500 ppm on some sugar beet varieties
in two location in Egypt. He found that using 1500 ppm of IAA significantly
increased sucrose percentage at Kafr El — Sheikh. Ashmaye, Samia ( 1998 )
observed that IAA increased markedly sugar yield. Moustafa, Shafika et al
(2001) stated that treatment with indol acetic acid + abscisic acid ( IAA + ABA )
enhanced the root content of total soluble solids and sucrose, also the yield of
root and sugar ton fed ! especially at 10 ~® Molar. Moustafa, Zeinab et al (2001)
found that IAA at 10" or 10 Molar increased root quality ( total soluble solids,
sucrose and purity in juice ) root and sugar yields.

The objectives of this study was aimed to study performance of some
sugar beet cultivars to growth regulator treatments on root yield and its quality.

MATERIALS AND METHODS

Two field experiment was carried out during two successive seasons of
2002 / 2003 and 2003 / 2004 at Sabahia Agric. Res. Station in Alexandria
Governorate, Egypt. The aim of this investigation was study the effect of growth
regulator treatments on performance of some sugar beet cultivars productivity.
The experiment factors of this study were arranged in split — plot design with
four replications. The main plots included three cultivars ( Farida, Lados, and
Athospoly ). While six growth regulator treatments of indol acetic acid ( I1AA )
and gibberellic acid ( GA; ) were arranged in sub — plots at concentrations
control, 100 ppm IAA, 200 ppm GA 3, 300 ppm GA ;, (100 ppm IAA + 200 ppm
GA; ) and ( 100 ppm IAA + 300 ppm GA ; ). All growth regulators were foliar
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sprayed on plants at two equal doses the first one was applied after 80 days
from sowing and the second dose was sprayed 30 days later. Plot area was
(3.5 x3) = 10.5 m® included four ridges 50 cm apart and 3.5 m length. Sugar
beet seeds were sowing 20 cm between hills. The recommended doses of
fertilizers Nitrogen, phosphorus and potassium were applied ( 90,15 and 48 kg /
fed, respectively ). The phosphorus and potassium fertilizers were added during
soil preparation and before sowing. Nitrogen was added in two equal doses the
first dose was applied after thinning (30 days from sowing) and the second was
applied one month later. Fertilizer sources were ammonium nitrate ( 33 % N ),
superphosphate ( 15 % P,0s ) and potassium sulphate ( 48 % K;O ). The
preceding crop was sweet sorghum during the both seasons. The other
agricultural practices were carried out as it is prevailing in the region. Physical,
mechanical and chemical properties of the experimental soil are presented in
Table 1. Soil properties were determined according to Page (1982) and
Jackson (1967).

At harvest ( 210 days from sowing ) two guarded rows for every plot were
taken to determine the yield and yield attributes and then random sample of ten
plants was taken from each plot to determine the following measurements: -

1- Root length, root diameter, root weight in g / plant.
2 — Total soluble solids percentage (T.S.S %) was determined by using a
hand refractometer according to (A.O.A.C. 1986 ).
3 - Sucrose percentage was determined according to Carruthers and Oldfield
(1961).
4 ~Theoretical juice purity percentage was computed using the following
equation according to Carruthers and Oldfield (1961).
Theoretical juice purity percentage = sucrose % X 100 = T.S.S. %
5 — Root yield ( ton / fed ).
6 — Theoretical sugar yield (ton / fed) was calculated by multiplying root yield
ton / fed by sucrose %

Table (1): Some physical, mechanical and chemical properties of the
surface soil layer (30 cm) of the experimental soil

Soil Character 2002/ 2003 2003/ 2004
Clay 42.3 431
Mechanical analysis Silt 43.1 42.8
Sand 14.6 14.1
Texture class Clay loam Clay loam
Organic matter % 1.38 1.25
pH 1:2.5 7.78 8.02
CaCO; % 58 6.9
E.CdSm" 4.75 4.62
Total N % 0.10 0.13
Ccl” 27.12 25.00
Soluble cations K™ 1.25 0.96
Ca™ 17.25 16.31
(meq. L") Mg~ 1.3 10.20
Na® 4.60 13.90
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Data were statistically analyzed using technique of analysis of variance
for the split plot design according to Snedecor and Cochran (1967) to
compare between means, LSD at 5% level of probability was used.

RESULTS AND DISCUSSION

1 - Root diameter

Means of root diameter as affected by cultivars and growth regulators
during 2002/ 2003 and 2003 / 2004 seasons are presented in Table 2. The
results show that there is no significant differences between root diameter of
sugar beet roots due to cultivars in both seasons. Foliar application of growth
regulators, gibberellic acid (GA ;) and indol acetic acid ( IAA ) significantly
affected root diameter in both seasons. The biggest roots resulted from foliar
application by gibberellic acid ( GA ; ) at concentration of 300 ppm, which
were 13.2 and 12.3 cm in both seasons, respectively. The increases in root
diameter due to the influence of gibberellic acid ( GA ;3 ) on the cell division
( division of the cambia and subsequent division of the cambial products )
and rapid cell expansion which increased the cell size this lead to increase
the root diameter. These results are in agreement with those obtained by
El — kassaby et al (1988) who found that application of GA ; at 1000 ppm
significantly increased root dimension. Also similar results are obtained by
Darra and Saxena (1973), Gaber et al (1981), Shehata, Mona (1989), Abo
EL- Ghait ( 1993 ), Ramadan ( 1899 ) and Moustafa, Zeinab et al ( 2001 ).

2 - Root length

The results in Tables 2 appear the response of sugar beet cultivars to
foliar application with growth regulators on root length in the two seasons.
The results obtained showed that Athospoly cultivar recorded the tallest roct
length, which were 31.2 and 30.9 cm in the first and second seasons,
respectively. Lados cultivar recorded the lowest root length, which were 27.2
and 27.2 cm in the first and second seasons, respectively. Concerning the
effect of foliar application with growth regulators on root length. The results
painted out that GA ; at concentration of 300 ppm gave the highest root
length values in both seasons. While the control treatment recorded the
shortest roots in the two seasons. These finding are in accordance with those
obtained by Gaber et al ( 1981 ), Shehata, Mona ( 1989 ), Abo EL- Ghait
(1993), Ramadan (1999) and Moustafa, Zeinab et a/ (2001 ).

3 - Root weight

The results in Table 2 reveals the influence of cultivar and growth
regulators on root weight in gram per plant in the two seasons. The results
show that cultivars significantly differed in root weight in the second season
only, while in the first season insignificantly affected. In the second season
Farida cultivar gave the highest root weight ( 859.20 g ), while Athospoly
cultivar gave the highest root weight ( 887.12 g ) in the first season. Spraying
sugar beet plants with GA ; alone at 300 ppm produced the heaviest roots
( 1049.33 and 1032.70 g ) followed by spraying with mixture of 300 ppm of
GA; and 100 ppm of IAA which recorded (990.07 and 940.75 g.) in the two
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seasons, respectively. Decreasing concentration of GA ; from 300 ppm to
100 ppm lead to lowest root weight. Similar results were found by Gaber
(1979 ), Gaber et al (1981), Ashmaye, Samia, ( 1998 ), Moustafa, Shafika,
et al (2001 ) and Moustafa, Zeinab, et a/ ( 2001 ).

Table 2: Means of root diameter, root length and root weight as affected
by growth regulators and cultivars of sugar beet during the two

seasons.
Root diameter Root length Root weight
cm cm | plant
L 30027 | 20037 30027 | Z06ST| 002 | 20037
2003 | 2004 | 2003 | 2004 2003 2004
Farida 115 | 11.2 | 28.0 | 281 | 883.16 | 859.20
A —Cultivars Lados 116 | 107 | 27.2 | 27.2 | 82525 | 837.04
Athospoly 115 | 102 | 312 | 309 | 88712 | 77279
F- test N.S N.S " . N.S .
LSD. 5% - - 0.8 1.7 - 54.70
Control 10.2 9.7 249 | 243 | 75358 | 711.85
IAA100ppm | 115 | 112 | 280 | 27.9 | 930.80 | 848.80
B- GA;200ppm | 116 | 105 | 29.2 | 29.3 | 858.54 809.8
Growth | GA;300ppm | 13.2 | 123 | 37.0 | 37.8 | 1049.33 | 1032.70
1AA 100
e | mpg’g“m 115 | 109 | 286 | 286 | 89467 | 829.30
IAA 100 ppm
L. Gﬁﬂoﬁ&m 124 | 117 | 325 | 328 | 99007 | 940.75
F‘tesl . .. .e L s LR
LSD5% 0.5 0.4 1.9 1.7 65.60 55.10

4 - Total Soluble Solids percentage ( T.S.S. % )

The results furnished in Table 3 clear the performance of some sugar
beet cultivars to growth regulator treatments and their effect on total soluble
solids percentage in both seasons. The results showed that the highest total
soluble solids percentage ( 21.21 and 19.95 % ) was recorded from Farida
cultivar which also recorded the highest sucrose percentage, however, Lados
cultivar gave the lowest values of total soluble solids ( 19.75 and 19.83 % ) in
both seasons, respectively. In respect to GA , and |AA influence on T.S.S. %
the results in Table 3 pointed out that spraying sugar beet by GA ; alone
gave the highest T.S.S. percentages. The lowest T.S.S. percentages
produced from control treatment. These observations were fairly true with
those elucidated by Shehata, Mona, ( 1989 ), Abo EL- Ghait ( 1993 ),
Ramadan ( 1999 ) and Moustafa, Zeinab, et a/ ( 2001 ).

5 — Sucrose percentage

The results obtained in Table 3 pointed out the performance of studied
some sugar beet cultivars to growth regulator treatments on sucrose
percentage of sugar beet in the two seasons. The available results showed
that Farida cultivar recorded the highest sucrose percentage in both seasons
( 16.25 and 16.54 % ). Foliar application on sugar beet by GA; alone gave the
highest sucrose concentration ( 18.46 and 17.98 % ) followed by spraying
with mixture from 300 ppm of GA; and 100 ppm of IAA which recorded
( 17.62 and 17.14 % ). Decreasing GA ; concentration caused to decrease
sucrose percentage. this finding was as similar as that of T.S.S. (Table 3).
This may be due to the influence of gibberellic acid (GA ;) on the cell division
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( division of the cambia and subsequent division of the cambial products )
and rapid cell expansion which increased the cells size. These finding are in
agreement with Milford ( 1973 ) who examined sucrose concentration in more
detail by determining its relationship with cell size. He found that as cell size
increased to 10 =15 X 10°® cm® the sucrose content per cell increased nearly
proportionally with c@ volume and Saftner and Wyse ( 1980 ) who stated that
it has been proposed that sucrose is co - transported with potassium and
counter - transported with proton across the tonoplast on the sink cells and
this process is apparently stimulated by the hormones IAA and ABA. Also
they observed that GA 3 and |AA affected on sucrose up — take by sugar beet
root tissue. Similar conclusion was obtained by Gaber et al ( 1981 ), Shehata,

Mona, ( 1989 ), Abo EL- Ghait ( 1993 ), Ramadan ( 1999 ) and Moustafa,
Zeinab, et al (2001 ).

6 — Juice purity percentage

The results in Table 3 reveal the influence of some sugar beet cultivars
and growth regulator treatments as GA; and IAA on juice purity percentage
of sugar beet roots. The results appear that there is no significant differences
between cultivars on juice purity percentages in both seasons. Foliar spraying
of sugar beet plants with growth regulators significantly affected on juice
purity percentages in both seasons. Foliar spraying sugar beet plants with
GA; at concentration of 300 ppm gave the highest purity percentages ( 85.30
and 85.62 % ) in the two seasons followed by spraying a combination of 300
ppm of GA; with 100 ppm of IAA which recorded ( 82.03 and 82.01% ).
However, the control treatment recorded the lowest percentages of juice
purity ( 81.59 and 81.46 % ) in both seasons. These results are in line those
obtained by Shehata, Mona, (1989), Abo EL — Ghait (1993), Ramadan (1999)
Moustafa, Shafika, et al ( 2001 ) and Moustafa, Zeinab, ef a/ ( 2001 ).

Table 3: Means of total soluble solids, sucrose and juice purity as
affected by growth regulators and cuitivars of sugar beet
during the two seasons.

T.S.5. Sucrose Juice Purity
) % % %

Trestments 20027 | 20037 | 20027 | 20037 | 20027 | 20037

2003 | 2004 | 2003 | 2004 | 2003 | 2004

Farda 21.21 | 19.95 | 17.25 | 16,54 | 81.33 | 82.91

A-Cultivars | Lados 19.75 | 19.92 | 16.19 | 16.30 | 81.97 | 81.82
Athospoly 19.75 | 19.83 | 1620 | 16.32 | 82.48 | 82.30

F-fest : . . . NS | NS

[SD 5% 584 | 044 | 048 | 032 = ;

Control 1892 | 1877 | 1543 | 1529 | 8155 | 81.46

IAA 100 ppm 20.50 19.80 16.77 16.29 81.80 81.86
GAs 200 ppm 20.37 19.77 16.70 16.18 81.98 81.34

G,Bo;,th GA, 300 ppm 2164 | 2100 | 1846 | 17.98 | 8530 | 85.62
T IAA 100 ppm ‘
regulators + GAs 200 ppm | 2043 | 19.87 16.73 | 1623 | 81.89 | 8168

IAA 100 ppm
+ GA, 300 ppm 2148 | 2090 | 17.62 17.14 | 82.03 | 82.01

F-test ze e *e .9 NS *

LS.D5% 0.78 0.57 0.67 0.45 - 1.36

5508



J. Agric. Sci. Mansoura Univ., 29 (10), October, 2004

7 — Root yield (ton / fed )

The results in Table 4 clearly indicated that studied sugar beet cultivars
significantly differed in root yield / fed in both seasons. The results clearly
showed that Farida cultivar exceeded Lados cultivar by 6.8% and surpassed
Athospoly cultivar by 5.5 % in root yield / fed over both seasons. The
differences in root yield / fed due to cultivar may be attributed to differences in
yield components as well as genetically factors. Similar results were reported
by Kamel et al ( 1981 ) and Ramadan ( 1999).

Regarding to the influence of growth regulator treatments on root yield /
fed, the results showed that root yield / fed significantly affected by growth
regulator treatments in both seasons. Foliar spraying of GA; at 300 ppm
alone gave highest root yield / fed ( 29.40 and 30.14 ton / fed ) compared with
other treatments in both seasons. Spraying GA; exceeded root yield / fed by
37.5 % compared with the control treatment over both seasons. Followed
with mixed IAA at 100 ppm + GA; at 300 ppm in both seasons. However, the
lowest root yield / fed produced from the control treatment. These results in
good agreement with that found by Shehata, Mona (1989 ), Abo EL- Ghait (
1993 ), Ramadan ( 1999 ) and Moustafa, Zeinab et al (2001).

Table 4:- Means of root and sugar yields per feddan as affected by
sugar beet cultivars and growth regulator treatments during
the two seasons.

Root yield Sugar yield
ton / fed ton / fed
Traatmeants 3002/ | 20037 | 2002/ | 2003/
2003 2004 2003 2004
Farida 25.00 25.02 4.31 4.14
A - Cultivars Lados 23.74 23.10 3.84 3.64
Athospoly 22.58 24.85 3.68 4.05
F- test *e ® . -
L.S.D. 5% ; 0.428 0.73 0.192 0.169
Control 21.54 20.86 3.32 3.19
IAA 100 ppm 23.38 24 97 3.92 4.06
GA, 200 ppm 22.90 24.77 3.82 4.01
B- GA, 300 ppm 29.40 3014~ | 543 5.42
Growth regulators IAA 100 ppm P
+ GAq 200 ppm 23.13 24.87 3.87 4.04
IAA 100 ppm
+ GA, 300 ppm 26.38 27.56 465 472
F-tBSt a0 .o .e LR
L.8.D 5% 0.68 0.81 0.338 0.201

Root yield in ton / fed significantly affected by the interaction between
cultivars and growth regulators, the results in Table 5 clearly indicated that
root yield / fed significantly affected in both seasons. The highest means of
root yield / fed were produced from sown Farida cultivar with spraying by GA;
at concentration of 300 ppm which were, 27.58 and 27.49 ton / fed in both
seasons, respectively. However, the lowest root yield / fed were produced
from Athospoly cultivar without spraying growth regulator in the first season
and sown Lados cultivar without spraying growth regulator in the second
season.
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8 - Sugar yield ( ton / fed )

Means of sugar yield in ton / fed significantly affected due to cultivars
and growth regulator treatments in both seasons as shown in Table 4. the
results indicated that cultivars significantly differed in sugar yield / fed in both
seasons. The results clearly indicated that sown Farida cultivar surpassed
Lados cultivar by 12.9 % and Athospoly cultivar by 9.3 % in sugar yield in
ton / fed over both seasons. The differences in sugar yield of different
cultivars may be attributed the differences in both root yield and sucrose
percentages. These results are in agreed with those obtained by many
investigators such as Ramadan ( 1999 ). Concerning the effect of growth
regulator treatments on sugar yield / fed, the results clearly indicated that
foliar spraying of GA; at 300 ppm produced the highest sugar yield / fed,
which were 5.43 and 5.42 ton / fed in the first season and the second season
respectively. Followed by mixture of GA; at 300 ppm + IAA at 100 ppm, which
were 4.65 and 4.72 ton / fed in the first season and the second season,
respectively. Foliar spraying of GA; at 300 ppm exceeded sugar yield by 66.6
% compared with the control treatment over both seasons. These results are
conformed by Darra and Saxena (1973), Gaber et a/ (1981), Abo EL- Ghait
(1993), Ramadan (1999), Moustafa, Shafika, et al (2001) and Moustafa,
Zeinab, et af (2001).

Table 5:- Means of root yield / fed as affect by the interaction between
cultivars and growth regulators treatments during the two

seasons.
2002/ 2003 2003/ 2004
Trantments Farida | Lados | Athospoly | Farida | Lados | Athospoly
Control 23.27 | 2264 22.06 22.94 | 21.98 22.85
IAA 100 ppm 24.18 | 23.55 22.97 25.00 | 24.03 24.91
GA; 200 ppm 23.95 | 2332 22.74 24.89 | 23.93 24.81
Growth GA; 300 ppm 27.49 | 26.57 26.00 27.58 | 26.62 27.20
regulators IAA 100 ppm
+ GA, 200 ppm 24.06 | 2345 22.86 2495 | 23.98 24.86
IAA 100 ppm
+ GA; 300 ppm 25.69 | 25.06 24.48 26,29 | 25.33 26.21
F-test o Bt
L.S.D 5% 0.96 1.52

Table 6 :- Means of sugar yield / fed as affect by the interaction between
cultivars and growth regulators treatments during the two seasons.

2002/ 2003 2003/ 2004
NPT Farida | Lados | Athospoly [ Farida [ Lados | Athospoly

Control 3.81 3.58 3.50 3.67 3.42 3.62

IAA 100 ppm 4.12 3.88 3.80 4.10 3.86 4.06

GA; 200 ppm 4.06 3.83 3.75 4.08 3.83 4.03

Growth GA; 300 ppm 4.87 4.64 4.55 4.78 4.54 4.74
regulators IAA 100 ppm

+ GA, 200 ppm 4.09 3.86 3.78 4.09 3.85 4.05
1AA 100 p-pm

+ GA; 300 ppm 4.48 425 417 4.43 4.19 4.39

F-test £ o
L.S.D5% 0.48 0.38
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Sugar yield in ton / fed significantly affected by the interaction between
cultivars and growth regulators the results in Table 6 clearly showed that
sugar yield / fed significantly affected in both seasons. The highest means of
sugar yield / fed were produced from sown Farida cultivar with spraying by
GA, at concentration of 300 ppm which were, 4.87 and 4.78 ton / fed in both
seasons, respectively. However, the lowest sugar yield / fed were produced
from sown Lados or Athospoly cultivars and without growth regulators
application in both seasons.

Generally, it could be concluded that growing sugar beet cultivar viz.
Farida and foliar spraying with 300 ppm GA; produced maximum root and
sugar yields per feddan.

CONCLUSION

It could be conclude that foliar spraying with growth regulators such as
GA; (300 ppm ) gave a relative increase in root and sugar yields per feddan.
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