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ABCTRACT

Two field trials were conducted at the Experimental Farm of Sakha Agric. Res.
Station during two successive seasons 2000/2001 and 2001/2002. The aim of this
investigation was to study the effect of three soil salinity levels EC; 4-<8, 8-<10, 10- -
<14 dS/m under field conditions on yield and its quality of four sugar beet cultivars;
Kawemira, Ras Poly, Top and Meazano Poly cultivars. The two experiments were
conducted in split polt design with four replicates.

The observed results can be summarized as follows:
* The root yield of sugar beet was affected significantly by soil saknity levels and

sugar beet cullivars in the studied two seasons. The shoot yield was affected

signifi cantly by soil salinity levels in the second-season and with sugar beei )
cultivars in the two seasons. :
* Kawemira cultivar gave the highest values of root and shoot yields assocnated
with the maximum mean values of gross sugar and white sugar yields undef al -
studied soil salinity levels in the two years of experiment. .
* Sucrose- percentage of sugar beet was not affected significantly by soil sahmty
levels and sugar beet cultivars in the two seasons. Top cultivar gave the
highest mean value of sucrose % under studied soil salinity levels in the two
seasons. i
* Purity perceniage was affected Stgnlﬁcantly by 50|l salinity- revels in thesecond«‘s
season. Top cultivar gave the highest mean values of purlty % under studaed‘ '
soil salinity levels in the two seasons. . .
Keywords : Soil salinity , Sugar beet cultivars, sucrose.

INTRODUCTION

Soil sahnlty is a worldwide problem for crop productien in arid and -
sami-arid regions such as in Egypt. In general, salinity inhibits plant growth
and developmient through water deficit, nutritional imbalance and toxic effect.
Exploitation of salt affected soils requires selection of salt tolerant plant.and
good management particularly under field conditions. Sugar beet' has
become an important crop for sugar production in Nile Delta where it can be
grown in new cultivated area located in northern regions. Kafr El-Sheikh
Governorate is the main area for sugar beet cultivation representing about
78% of national cultivated area. Mass (1986) tabulated a number of
economic crop according to their tolerance to salt concentration, he stated
that sugar beet crop is the tolerant one. Shehata (1989) found that the effect
of soil salinity on sugar beet plants depends on sugar beet varieties. Plaster
(1992) found that sugar beet can be stand at level of soil safinity up to ECe 8
—18 dS/m and ESP 40-60%. El-Hawary (1994) found that increasing soil
salinity levels decreased significantly root and sugar yieids of sugar beet per
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feddan. Zein et al., (1998) found that yield and quality of sugar beet cultivars
were significantly affected by scil salinity (ECe) up to 10 dS/m. The aim of
the present investigation was to study the effect of three levels of soil salinity
which ranged from 4-14 dS/m on yield and quality of four sugar beet cultivars
under field conditions, and also to select the suitable cultivar adopfed for this
level of salinity and region.

MATERIALS AND METHODS

. Two field trials were conducted at the Expenmental Farm of Sakha
Agric., Res. Station, Kafr El-Sheikh Govemorate during two successive
seasons, 2000/2001 and 2001/2002. The aim of this investigation was to
study the influence of three soil-salinity ECe; (S,) 4-<8, (S;) 8-<10 and (S,)
10-<14 dS/m on yield and its quality of four sugar beet cultivars; (V,)
Kawemira, (V;) Ras Poly, (V,) Top and {V,) Mezano Poly. The experiments
were conducted in split plot design with four replicates. The main plot were
assigned to soil salinity treatments. Sugar beet cultivars occupied the sub
plots. The area of each plot was 2.4 x 3.5= 8.4 square meter. All plots of the
experiment were treated with 36.9 Kg P,Os/ha as supper phosphate (15.5%
P;Og). N fertifizer at the rate of 166.6 N/ha was applied in the form of urea
(46% N) and splitted in two equal doses. The first dose was added at
thinning period (after 40 days from sowing) and the second dose was added
after 30 days later. The K ferttilizer at the rate of 114.3 Kg K;O/ha in the form
of K;SO, (48% K,;0) was applied after 40 days from sowing. Three seeds
were sown in each hill with a distance of 20 cm between hills. Seeds were
sown on 10™ and 22" of Dec., 2000 and 2001 respectively. Plants were
thinned to one B‘Iant per hill after 40 days from sowing. The sugar beet was
harvested on 12" and 27" of June in 2001 and 2002, respectively. Other
agriculural practices were camied out as recommended. Representative
samples of sugar beet roots were taken atthe same time of harvesting to
determine sugar beet constituents such as sucrose%, white sucrose%, sugar
losses%, purity% and alkalinity coefficient (K+ Na/aN) in fresh root of sugar
beet These parameters were determined polarimetcrically by means of an
automatic sugar polarimeter as described by Mc Ginnus (1971). Gross sugar
yieild (ton/ha) was calculated from root yield {ton‘ha) x sucrose%. White
sugar yield (ton/ha) was calculated from root yield (ton/ha) x white sucrose%.
Available nitrogen, phosphorus and potassium in the soil samples were
determined according to Jackson (1958). Some soil properties of the two
experimental sites are presented in Table1.
Data were subjected to statistical analysis according to Snedecor and
Cochran (1980).
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Table 1: Some chemical and physical properties of the soil surface layer
(0-30cm) of the experimental locations.

Partizls size | Chemical analysis
Distribution % 2000/ 2001 2001/2602

R g P Available 2 | Available
S & % |[Eqp 5 a nutrients, g_q # 5 a nutrients,
5l o= 2 e =J"é e 3&# maikg =ol 5[5 82:¢  mak
o| @ | & a9 5 [ n |plk @0 "k

O fi NP | K

170 24.88 | 23.42 | Clayey |7.801170) 280 | 28 | 8.0 |2390|7.90[1.50 3.00 | 24 | 7.8 | 375

RESULTS AND DISCUSSION

1- Yield of sugar beet cultivars as affected by soll salinity leveils:
Root yield :

Data in Table 2 and Fig1 show that in two years experiment root yield
was affected significantly by soil salinity levels and sugar beet cuitivars. The
maximum values of root yield (46.97 and 42.57 ton/ha in 2001 and 2002)
were obtained under S, soil salinity level with Kawemira cultivar in the two
seasons. While the lowest values (29.21 and 30.09 ton/ha in 2001 and 2002)
were obtained under S, and S, soil salinity levels in 2001 and 2002,
respectively with Ras Poly cultivar.  From the cbtained results it could be
stated that Kawemira cultivar (V,) gave the highest value of root yield under
all soil salinity levels, while Ras Poly cultivar (V2) generally gave the lowest
significant ones in both years. Itis common that field crops differ greatly in
their response to salinity lévels and the differences in salt tolerance often
occur between different cultivars of a given species (Jefferes, 1988). The
mean values of root yield of sugar beet cultivars as affected by different soil
salinity levels over the two seasons were in the following order Kawemira >
Top > Mezano Poly > Ras Poly. These results indicated that root yield of
Kawemir cultivar tolerates soil salinity more than other studied cultivars under
field conditions. These results were supported by the data obtained by Zein
et al, (2002) and Ei-Hawary {1994) who found that root yield of sugar beet
was significantly decreased with increasing soil-salinity levels. Regarding the
effect of soil salinity levels on root yield the increase in root yield was
observed under low soil salinity level S,, while the lowest values were found
under soil salinity levels S; and S, which may be explained by the fact that
saline- conditions restrict the synthesis of cytokines in the roots and their
translocation to upper plant parts can be inhibited (Meiri and Shalhevet,
1973). '
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Table 2: Effect of soil salinity levels on root, shoot yields and root/shoot
ratio of four sugar beet cultivars In seasons 2000/2001 and

2001/2002
First season 2000/2001 1 _Second season 2001/2002
Sugar beet cultivars $Soil salinity levels (dS/m)
S Sz S: Iv-Mean| S S: Ss | v-Mear
4.<8 | 8-<10 | 10-<14 4-<8 | 8-<10 [ 10-<14
Root yield (ton/ha
Kawemira (V1) 46.97 a| 44.64a |36.00a|42.54 a|42.57 a|{38.17ap4.73 a |IB49a
Ras Poly (V2) 31.52¢|29.21¢(2997b|30.23¢(33.33b|33.47bp0.09b |32.30b
Top (V3) 3861b(36.70b|34.882|36.73b(35.63b|33.57 bB1.71ab [33.63 b
- Mezano Poly (V4) 38.19b(35.46b(34.67a]36.11b(34.89b|31.64bPB0.54 b |[32.36b
S- Mean 38.82 | 36.50 | 33.88 | 36.40 | 36.60 | 34.21 | 31.77 | 34.19
Shoot yield {ton/ha)
Kawemira (V1) 10.89a) 9.422a |[1067a10.32a;10.10a| 9.34a | 879a 1 941a
Pas Paly {V2) 922b|7.26b|875b|841b[8.37b]7.91b |7.92ab|8.06 bc
Top (V3) 9.57 ab{10.02 a}|9.47 abl 9.69a | 8.72b | 8.91a |7.95ab| 8.51b
Mezano Paly (V4) 963ab) 962a | 928b [951a | 8.01b|799b)764b | 768¢
S- Mean 9,83 9.08 9.54 9.48 8.80 8.52 8.07 8.47
Root / Shoot (ratio
mira (V1) 431a[474a[338a|414a[422ab(4.092ab]| 3.95a | 4.09a
Poly (V2) 342b|4.03b}343a(362b)399b|4.23a3.80a|4.00a
op (V3) 396ab)| 366b | 368a|3.77ab|4.09ab| 3.79b | 3.99a | 398 a
no Poly (V4) 396ab)| 3.68b | 3.74a |[3.79ab| 4.37a |3.96ab| 4.00a | 4112
S- Mean 391 | 403 | 355 | 383 | 416 | 402 | 3.94 | 4.04
fn a column, the means followed by a common letter are not significantly different at the
§% level by DMRT. 8: Salinity levels, V: Sugar beet cuitivars.

Fig. 1. §ffect of soll salinity isveils on root yleld of four sugar beet cultivars
in sessons 2000/2001 end 200172002

|mKawemiras CfiRas Poly EETop [BMezano

Root yieid {ton Ma)
8

S1 52 sS3 81 52 Ss3
2000 /2001 200172002
Soll salinltylevels
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Shoot yield :

Data in Table 2 show that shoot yield of sugar beet cultivars was
affected significantly with soil salinity levels in the second season and with
sugar beet cultivars in the two seasons. The maximum values of shoot yield
(10.89 and 10.10 ton /ha in 2001 and 2002) were obtained under iow soil
salinity level S, with Kawemira cultivars in the two seasons. While the lowest
values were obtained under S; and S,soil salinity levels with Ras Poly and
Mezano Poly cultivars in 2001 and 2002, respectively. In general, it is
important to note that Kawemira cultivar gave highest values of root and
shoot yields, while Ras Poly cultivar gave the lowest values of root and shoot
yields under different soil salinity levels. These results indicate that root and
shoot yields of Kawemira cultivar is more tolerant to soil salinity ECe levels
from 4-14 dS/m than the other studied cultivars. While Ras Poly cultivar was
more sensitive to soil salinity within the same level. These results are in
agreement with those obtained by Allam and Ali (1982), El-Yamani (1999)
and Zein et a/., (2002).

Root /Shoot (ratio) :

Data in Table 2 show that root /shoot ratio was affected significantly
with sugar beet cultivars and the interaction between soil salinity levels and-
sugar beet cultivars was significant in the first season, but it had no significant
effect for soil salinity levels and sugar beet cultivars on root/shoot ratio in the
second season. The highest values of root/shoot ratio (4.74 and 4.37 in 2001
and 2002) were obtained under S2 and S1 with Kawamira and Mezano Poly.
cultivars, respectively. The observed results indicated that there was a
balance between root and shoot yields of Kawemira cultivar . In genral these
cultivar was superior in yield than the other cultivars under study. These
results are in agreement with those obtained by Zein et af., (2002}

2- Yield quality of sugar beet as affected by soil salinity levels and
sugar heet cultivars:
Sucrose percentage: _

Data in Table 3 show that soil salinity levels and sugar beet cultivars
had no significant effect on sucrose percentage in the two seasons. The
maximum values of sucrose percentage (13.87 and 13.80% in 2001 and
2002} were obtained under S, and S, in 2001 and 2002 with Mezano Poly
and Top cultivars, respectively. Data also show that the mean values of
sucrose % in 2001 as affected by soil salinity levels were in the follawing
order: Mezano Poly >Top > Ras Poly > Kawemira, while in 2002 the mean
values were in the order Top > Ras Poly > Mezano Poly > Kawemira, ltis
interested to note that Kawemira cultivar gave the highest mean values of
root yield, while it gave the lowest mean values of sucrose%. This indicated
that the sucrose % of Kawemira cultivar was more sensitive to soil salinity
than the root yield and or as dilution effect in roots of sugar beet. Similar
results were obtained by Zein et a/, (1998} and Higazy et al., (1994) who
found that the root quality of sugar beet varieties differed in their responses to
soil salinity.
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Table 3: Effect of soil salinity levels on sucrose %, gross sugar yield
and root/'shoot ratio of four sugar beet cultivars in seasons
2000/2001 and 2001/2002.

First season 2000/2001 | Second season 2001/2002
Sugar beet cultivars Soil salinity levels {dS/m)
Sy S2 S V- Sy S Ss V-Mean
4-< 8 | 8-<10 |[10-<14| Mean | 4-<8 | 8-<10 |10-<14
Sucrose (%)

Kawemira (V1) 13.78 a(13.29a13.28 a[13.45 a|12.63 a12.28 aj)2.41 b |2.44 b
Ras Poly (V2) 13.60 a(13.11 a|13.73 a[13.48 3|13.11 a[13.11 aj2.44 b 2.8% ab
- [Top (V3) 13.73 2|13.56 a[13.35 a[13.55 2|12.86 a12.95a)3.80a 3.20 a
Mezano Poly (V4) 13.87 a[13.78 a|13.60 a|13.75 2/13.04 a/12.43 a]3.15 ab2.87 ab
S- Mean 13.74 | 13.43 | 13.49 | 13.56 [ 12.91 [ 12.69 | 12.95 ] 12.85

Gross sugar yield {ton/ha)

Kawemira (V1) 647a(593a|478a|573a|5.38a|469a|431a|4.79a
Ras Poly (V2} 429c|3.83¢c|4.11b|4.08¢(437b[4.39a|382b|4.19b
Top {V3) 530b|498b4.66ab/498b(458b(4.35a|438a|4.34b
Mezano Poly (V4) 530b|4.89b4.71ab/497b[455b(3.93b 4.02 abj4.17 b

$- Mean 534 [ 491 | 457 | 494 | 472 | 434 | 413 | 4.40

White possible ext. sugar (B) (%)

Kawemira (V1) 8.73a781ab 7.77a|8.10a|7.21a|640a|657a(|6.73b
Ras Poly (V2) 841a|7.59b /794a|798a|767a|7.25a|6.78a(7.23ab
Top (V3) 873a839ab781a|831a|758a|7.52a B05a|7.72a
Mezano Poly (V4) 863a/851a/786a|833a|7.54a|7.28a/7.39ab/7.40ab

S- Mean 862 | 808 | 784 ( 818 | 750 [ 7.11 | 7.20 | 7.27

In a celumn, means followed by a common letter are not significantly different at the 5%
level by DMRT. S: Salinity levels, V: Sugar beet cultivars.

Fig. 2. Effect of soll sallnity levels on gross sugar yleld of four sugar beet
cultivars In seasons 2000/2001 and 200172002
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The gross sugar yield is an important yield parameter of sugar beet.
Data in Table 3 show that gross sugar yield was affected significantly by soil
salinity levels and sugar beet cultivars in the two seasons. The interaction
between soil salinity levels and sugar beet cultivars had a significant effect on
gross sugar yield in the two years of experiment. The maximum values of
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gross sugar yield (6.47 and 5.38 ton/hain 2001 and 2002) were obtained
under low soil salinity ievel S, with Kawemira cultivar in the two seasons. In
general Kawemira cultivar gave the maximum values of gross sugar yield
under studied soil salinity levels in two years of experiment. The mean
values of gross sugar yield under studied soil salinity levels were in the
following order : Kawemira > Top > Mexano Poly > Ras Poly in the first
season and Kawamira > Top > Ras Poly > Mezano Poly in the second
season. These results are in agreement with those obtained by Zein et a
(1998) and Zein ef al (2002) who found that gross sugar yield was affected
significantly by soil salinity levels and sugar beet cultivars. El-Hawary (1994)
found that soil salinity may also affect crop quality in sugar beet, very low
levels of sugar % may be resulted with increasing soil salinity levels.

White sucrose percentage (B) :

Data in Table 3 show also that white sucrose % was affected
significantly with sugar beet cultivars, but it was not affected significantly with
soil salinity levels in the two seasons. The interaction between soil salinity
levels and sugar beet cultivars had no significant effect on sucrose% in the
two seasons. The maximum sucrose % (8.73 and 8.05% in 2001 and 2002)
were obtained under S; and S; with Kawemira and Top cultivars in the first:
season and with Top cultivar in the second season, respectively. These’
results are in agreement with those obtained by Zien ef al., (2002).

White sugar yield:

The white sugar yield is an important yield parameter of sugar beef
because it is the final useful form sugar that the consumer uses. Data in
Table 4 show that white sugar yield was affected significantly by soit salinity
levels, but it was not responded significantly with sugar beet cultivars in the
two years of experiment. The maximum values of white sugar yield (4.10 and
3.07 ton/ha in 2001 and 2002) were obtained under low soil salinity level S,
with Kawemira cultivar in the two seasons. The interaction between soil
salinity levels and sugar beet cultivars had no significant effect on white sugar
yield in the two seasons. These results are in agreement with those obtained
by Khalifa and Header (1995). Data also show that the mean values of white
sugar vyield of sugar beet cultivars under soil salinity levels were in the
following order Kawemira > Top > Mezano Poly > Ras Poly in the two
seasons. Similar results were reported by Zein et al., (2002).

The losses from the sugar % (D) :

Data in Table 4 show that sugar loss % was affected by soil salinity
levels, but it was not responded significantly to sugar beet cultivars in the two
years of experiment. The interaction between soil salinity levels and sugar
beet cultivars had no significant effect on sugar loss %. The maximum
values of sugar losses% (5.79 and 5.91% in 2001 and 2002) were obtained
under the high level of soil salinity with Ras Poly cultivar in the two seasons.
Similar results were reported by Khalifa and Header (1995), they found that
sugar loss % was increased with increasing soil salinity levels up to 9.40
dS/m. The increase of sugar losses by increasing soil salinity levels may be
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explained on the fact that Na and K are impurities in the sugar beet root
which interfere with the extraction of sucrose and may be associated with
reduced sucrose concentration as well as refined sugar production (Carter,
1986).

Table 4: Effect of soil salinity levels on white sucrose, the losses from
the sugar, sugar purity and alkalinity coefficient on four sugar
beet cultivars in seasons 2000/2061 and 2001/2002.
First season 2000/2001 | Second season 2001/2002
Soil salinity (dS/m)

Sugar beet cultivar s, 5, s, V. L S, s, 5 V.Mead
4<8 | 8-<10 |10-<14| Mean | 4-<8 | 8-<10 [10-<14 o
White sucrose (tonfha)
Kawemira (V1) 410al3.49a)280a(345a(3.07a(244ap.28ak)26D2
Ras Poly (V2) 265¢1222¢(238b(242c(2.56b(2432204b [234a
Top (V3) 3.73b[3.08b 268 abj3.04b{2.70b)253a255a |259a
Mezano Poly (V4} (3.30b(3.02b[266ab/2.99b)2.63h|2.30apP26ab2304
L 8-Mean 336 | 255 ) 263 ) 298 | 2.74 | 243 | 2.28 | 2.48
The losses from the sugar % (D
Kavremira (V1) 15.23ab| 54825452539 3b{54%9a | 568a(5.79a|565a
Ras Poly (V2) 5.19 ab] 5.52 a|5.79a(5.50 ab|5.40 a[5.69a(591a|567a
Top {V3) 497b|5.18a|5.54a|5.23b(542a(543a5.75a]553a
Mezano Poly (V4) 5.50a/539a(574a15.55a(5.36a(5.69a 5762561 a]
S- Mean 5.22 [ 539 [ 563 | 542 | 542 | 5682 | 580 | 561 |
Sugar purity % {Q Z
Kawemira (V1) F3.43a (58.63a(58.75a60.27ab|56.70 2| 52.68 a|53.13aB4.17Db
has Poly (V2) }2.35 ab | 57,13 a|57.53 a|59.00ab| 58.63 2 |56.00 a[53.38 a}6.00 ab
Top (V3) F3.73a |61.80a|58.35a161.29a(|57.4D0a|58.00a(58.10a57.83a
Mezano polm4) 5743 Db |59.78 a(57.56 a|58.25b|60.70a(54.18 a|56.10 2)6.99 ab
S- Mean 61.73 | 59.33 | 58,08 | 59.70 | 58.36 | 55.21 | §5.17 | 56.25
Alkalinity coefficlent (X+ N /aN) ratio
Kawemira (V1) 252a|221a|200a|224a(223a(201a(1.83a({2062a
Ras Poly (V2) 263a|235a|2.09a(236a|2.34a(1.85a(1912}2.062
Top (V3) 289a|245a/212a(249a|2.502/2.28a12.00a)2262
Mezano Poly (V4) 25822042 150a|217a)2.062|194a|182a(19842
S. Mean 265 | 226 | 203 | 231 1 228 | 2.04 | 1.91 { 2.08
in & column, means followed by a common letter are not significantly differant at the 5% leve! by
DMRT. S: Salinity levels,  V: Sugar beet cultivars.
Sugar purity % (QZ) :

Data in Table 4 show that sugar purity % was affected significantly
with soil salinity ievels in the second season, but it was responded
significantly to sugar beet cultivars in the two seasons. The interaction
between soil salinity levels and sugar beet cultivars had no significant effect
on sugar punty % in the two seasons. The maximum values of purity %
(63.73 and 60.70% in 2001 and 2002) were obtained under low soil salinity
level 8, in the two seasons with Top and Mezano Poly cultivars, respectively.
These resulls indicate that purity % was decreased by increasing soil salinity
levels (ECe) up to 14 dS/m. This reduction in purity % with increasing soi
salinity levels may be due to increasing K and Na concentration in the roof
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relatively decreased the purity and increased the losses from sugar (Draycott
et al, 1971). These results are in agreement with those obtained by Khalifa
and Header (1995) and Zein et al., (2002).

Alkalinity coefficient (K + Na / a N) ratio :

Data in Table 4 show that alkalinity coefficient was affected
significantly with soil salinity levels, but it was not responded significantly to
sugar beet cultivars in two years of experiment. The interaction between soil
salinity levels and sugar beet cultivars had no significant effect on alkalinity
coefficient in the two seasons. The maximum values of alkalinity coefficient
(2.89 and 2.50 ratio in 2001 and 2002) were obtained under low sail salinity
level S, with Top cultivar in the two seasons, respectively. These resuits
indicate that alkalinity coefficient was increased significantly with decreasing
soil salinity levels (ECe) up to 14 dS/m due to that the content of a — amino -
N is low relative to that of Na and K. It is of important to note that the cultivar
which gave the highest mean values of sugar purity % was associated with
the highest mean values of alkalinity coefficient in the two seasons. This
phenomenon may be explained on the fact that chemical characters of sugar
beet juice mainly affect the sugar crystallization processes. These have high
sources content and low contents of Na, Kand a~ amino ~N and betaine
contents. It is also important for the stability of juice in the factory that the
content of g - amino -N is low in relative to that of Na and K(Boscmark
1993) .

It can be concluded that kawemira cultivar tolerates soil safinity Ievels
(ECe) from 4 to 14 dS/m under field conditions of the experiments, than the
other studied sugar beet cultivars. It gives generally the maximum values of
root and shoot yields associated with the maximum mean values of gross
sugar and white sugar yields under studied soil salinity levels in the two years
of experiment.
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