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T WO FIELD experiment were conducted at the experimental farm

of Sakha Agric. Res . Station during two successive seasons
1996/97 and 1997/98. The objective of this investigation was to study
the effect of four ranges of Soil salinity; 8-12, 12-16, 16-20 and 20-25
dS/m under field conditions, on yield and quality of four sugar beet
varicties; Ras Poly, Kawemira, Maribo and Dobreah local (Syrian
cuitivar). The experiments were conducted in split-plot design with
four replicates.

The obtained results can be summarized as follows ©
* The root yield of sugar beet cultivars was affected significantly by
the different ranges of soil salinity.
*The highest values of root yield in the two seasons were generally
obtained from Dobreah local (Syrian cultivar) under all soil salinity
rahges.
*Sucrose percentage of sugar beet cultivars were significantly affected
by soil salinity ranges in the first season. Sucrose percentage was
significantly affected with sugar beet cultivars in both seasons.
*Maribo and Kawemira cultivars generally gave the highest values of
sucrose % under different ranges of soil salinity in the both seasons.

In general, the data indicate that Dobreah local (Syrian cultivar)
gave, under the experimental conditions, the highest values of root
yield in the two seasons under higher ranges of soil salinity and gross
sugar yield.

Keywards: Soil salinity, sugar beet, sucrose.

Soil salinity is the most important environmental factor influencing the
agricultural productivity, especially in arid and semi-arid regions as in Egypt.
The management of salt affected soils require a good understanding of crop
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salinity relations and 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 the northern regions. Kafr El-Sheikh Governorate
is the main area for sugar beet cultivation representing about 78% of the total
national cultivated area. Mass (1986) tabulated a number of economic crops
according to their tolerance to salt concentration. He stated that sugar beet crop is
a tolerant one. El-Hawary (1994) found that increasing soil salinity ranges
decreased significantly root and sugar yields of sugar beet per feddan. Zein er al.
(1998) found that yield and quality of sugar beet cuitivars were significantly
affected by soil salinity up to 10 dS/m. Plaster (1992) found that sugar beet can
stand a level of soil salinity up to ECe 8-16 dS/m and ESP 4-60.

The objective of the current work is to study the effect of four ranges of soil
salinity under field conditions on yield and quality of four sugar beet varieties.

Material and Methods

Two field experiments were conducted at the experimental farm of Sakha
Agriculture Research Station, Kafr El-Sheikh Governorate during two successive
seasons (1996/97 and 1997/98). The objective of this work aimed at studying the
effect of four ranges of soil salinity (Sy) 8-12, (S5) 12-16, (53) 16-20 and (S4)
20-25 dS/m under field conditions on yield and quality of four sugar beet
varieties: Ras Poly, Kawemira, Maribo and Dobreah local (Syrian cultivar).

The experiments were conducted in a split-plot design with four replicates.
The main plots were assigned to soil salinity treatments. Sugar beet cultivars
occupied the sub-plots. The area of each plot was 4 x 2.5 = 10 square meter. All
plots of the experiment were treated with 35.9 kg P,Qg/ha (super phosphate
15.5% Pp0s). Nitrogen fertilizer at the rate of 167 kg/h (urea 46% N) was
splitted in two equal doses. The first dose was added at thinning (after 40 days
from sowing) and the second dose was added after 30 days later. The K fertilizer
at the date of 114.0 kg KyO/ha (K;504; 48% K;O) was applied after 40 days
from sowing. Three seeds were sown in each hill; 20 cm between hills. Seeds
were sown on the 15% and the 13™ of Nov., 1996 and 1997, respectively.
Plants were thinned to one plani per hill after 40 days from sowing. The sugar
beet was harvested in 1% June of the two seasons. Representative samples of
sugar beet roots were taken at the time of harvesting to determine sugar beet
constituents, ie. sucrose %, white sucrose %, and purity %. These parameters
were determined polarimetrically by means of an automatic sugar polarimeter as
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described by McGinnus (1971) and gross sugar yield (ton/ha) was calculated
from root yield (ton/ha) x sucrose %.

The chemical analysis of Nile water used for irrigation during studied seasons
were as follows; 0.43 dS/m, 3.54, 0.94, 0.87, 1.68, 1.6, 1.76 and 0.22 meq/L for
HCO3", CL", SO4%, Catt, Mg**, Nat and K*, respectively. The irrigation
water schedule for the two experiments are presented in Table 1 .

TABLE 1 The irrigation water schedule from planting to harvesting for all plots of

the experiments,
Irrigation 1996/97 1997/98
Date of irrigation | Period | Date of irrigation  |Period
Planting 15/11/1996 40 13/11/1997 41
First 25/12/1996 31 24/12/1997 31
Second 25/1/1997 35 24/1/1997 36
Third 1/3/1997 17 1/3/1998 15
Fourth 18/3/1997 21 16/3/1993 16
Fifth 10/4/1997 20 1/4/1998 15
Sixth 30/4/1997 15 16/4/1998 20
Seventh 15/5/1997 16 6/5/1998 25
Harvesting 1/6/1997 195 1/6/1998 199

Data were statistically processed according to Snedecor and Cochran (1980).

Some soil properties of the two experimental sites are presented in Table 2.
The soil salinity (ECe) dS/m, soluble cations and anions me/L. and sodium
adsorption ratio (SAR) at the studied locations are presented in Table 3. The
meteorological data supplied by Sakha Climatological Station are listed in Table 4.
Soil Type was typic ustorthent.

TABLE 2. Some chemical and physical properties of the soil surface layer (0-30 cm)

of the experimental locations,
] Mechanical Chemical analysis
a I e
5 analysts 1996/97 1997/98
3. v | Available — ) )
cE = - - nutrients b e Available nutrients
£ 5 o T pfke o S me/ke
= Clay | Silt [Sand| © | = |3 o|E 5 S |s5elBE
£ % | % | % z [c”|& 2 z o8 ]
b«g T gl N p K E g1 N Id K
w o
0-30 |51.49{24.85(23.66 g 79 | 15tas] 20 | 12 {500 78 [t70] 25| 24 [ 10 | 550
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TABLE 3 . Soil salinity (ECe) dS/m, soluble cations and anions meq/L and sodium
adsorption ratio (SAR) of the experimental locations.

Salinity ECe Anions (meg/L) Cations (meg/L.
ranges dS/m | CO™ |HCO, | CF [ SO, Ca” [Mg™ | Na* | K' | SAR
dS/m 25°C
1996/1997 Season
S,(8-12) 10.0 20 4.0 464 1476 ) 357 ] 21942271020 7.8
§;(12-16) 14.0 30 6.5 928 | 327255 56.1 F 581 ] 0.30 9.1
S, (16-20) 17.0 3.0 105 {10921 303 {455 | 41.7 | 826 | 0.20 14.2
8,(20-25) 22.0 3.0 1.5 15083 64.7 | 459 | 46.9 1126.6] 0.60 18.6
1997/1908 Season
S, (8-12) 11.0 2.0 4.5 69.6 1 339 | 3006 | 318|375 0.10 6.7
S;(12-16) 13.0 3.0 3.0 812|428 | 459 | 309 | 529 0.30 85
S3(16-20) 17.0 2.0 3.5 1392 253 1 408 | 55.2 | 73.7 | 0.35 10.7
84(20-25) 21.0 20 5.0 1624 406 | 51.0 | 498 | 108.6| 0.60 153

TABLE 4 . Meteorological data supplied by Sakha Climatological Station during

1996/97 and 1997/98 seasons.
. o . E.T. Rain fall
Season Month | Temp* C" | RH.** % cm/day |em/month
Dec., 14.8 76.0 0.211 0.04
Jan. 12.3 58.5 0.250 1.50
1996/97 Feb. 12.3 63.5 0.270 1.60
Mar. 132 55.0 0.340 0.13
Apr. 15.3 50.5 0.488 1.15
May 21.0 50.7 0766 -
Dec. 14.8 63.3 0.211 -
Jan. 11.4 66.0 0.254 -
1997/98 Feb. 13.2 66.0 0.234 2.7
Mar. 13.7 59.4 0.326 L5
Apr. 18.5 62.4 - -
May 22.5 59.0 - 0.5

*

'

Mean monthly temperature in *C.
Mean monthly relative humidity in percentage.

There were no substantial differences between the meteorological data during the two

scasons.
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Results and Discussion

1.Yield of sugar beet cultivars as affected by soil salinity ranges

Roat yield

The results in Table 5 and Fig. 1 showed that root yield of sugar beet was
affected significantly by soil salinity ranges and with sugar beet varieties. The
maximum values of root yield (61.44 and 58.80 ton/ha in 1997 and 1998) were
obtained under S; seil salinity range, while the lowest values of root yield (30.17
and 26.10 ton/ha in 1997 and 1998) were obtained under S; and 84 soil salinity
ranges in 1997 and 1998 and with Ras Poly cultivar. In general, it could be stated
that Dobreah local cultivar gave the highest gross sugar and root yields, while
Ras Poly gave the lowest significant ones in both years.

TABLE 5. Effect of soil salinity ranges on root and shoot yields of four sugar beet
cultivars (ton/ha) in seasons 1996/97 and 1997/98.

Sugar Soil saliniry ranpes {¢5/m}
beet First season {1996/97) Second season (1997/98)
varieties s l S S5 ] S, | Mean | 8 [ 5 85 $, ] Mean
(8-12) [(12-16)(16-28)}(20-25) (8-12) {112-16)[(16-20) | (20-25)
Root yield (lon‘ha}
Ras Poly 3%6¢ |30 4139 15¢] 35.2¢ 3604 c}4B 91 B(39.39b|37.43d 26.1¢ [3755D
Kawemira 5088 b |48.64 b{50.26 b{43.15b {4823 b|d8 61 b|52.29a(53.99b(4595a(50.2] a
Maribo 5014b74193¢ |51 68b[42.36b|46.53b]40.84 ¢ |36 65 c{44.86c|37.72b(40.05b
Dobreah local 161.44 2| 56.81 a|6060a]5263a|55.87a{5882a|41.44b]56.0921460%a[5077 2
Statistical s v SXV 5 v S5Xv
Analysis
LSD 5% 4.64 376 * 2.84 2.68 *
L3I 1% 6.43 5.04 ns 391 31.59 i
CV.% 8.7% 5.5% 4.7% 42%
Shoot yield (ton/ha
Ras Poly 25.84d|2839b|19.67b{24.49b[ 2459 {20.19d}21.52c|22.71b[24.13c22.14 b
Kawemira 3411 ¢|3766ac35dda| 34.5a | 3542 126.68b(22.61¢(29.93a13029b(|27.392
Maribo 39276 2062b {3431 a| 348a § 3467 |31.3allt022|2835a(3046b]30.51 a
Dobreah local |45.28a[35.78a38.31 a{2543 b 36.20 |24.25¢}25.29b[30.232]33.762a[28.38 a
Statistical 5 v SXV S v SXV
Analysis
LSD 3% 374 3.61 * 2.1 1.9 *
LSD 1% 5.12 4.84 hid 2.89 2.54 i
C.V. % 7.9% 7.7% 6.1% 4.9%
In a column, means foliowed by a common leder are not significantly different at the 5% level by DMRT
L ORas poly MKawemira DMaribo O Dobreah }

1996/87 1997198

Rogt yield (ton/ha)

Soll salinity ranges
Fig. 1.Effect of soil salinity ranges on root yield of sugar beet cultivars in the two

studied seasons.
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These results were supported by the data obtained by Zein er al. (1998) who
concluded that Dobreah local cultivar tolerates soil salinity (ECe) ranged from
2-10 dS/m than the other studied cultivars under field conditions.

The interaction between soil salinity ranges and sugar beet cultivars were
significant in 1997 and highly significant in 1998.

The mean values of root yield of sugar beet cultivars as affected by different
soil salinity ranges over the two seasons were in the order: Dobreah local
(Syrian) > Kawemira > Maribo > Ras Poly. These results indicate that root yield
of sugar beet cultivars were affected significantly by soil salinity. It could be
stated that Dobreah local cultivar tolerates soil salinity more than the other
studied cultivars while Ras Poly cultivar is more negatively affected by soil
salinity under field conditions. It is common that field crops differ greatly in their
response to salinity levels and the differences in salt tolerance often occur
between different cultivars of a given species (Jefferies, 1988).

Shoot yield

Data in Table 5 showed that shoot yicld of sugar beet cultivars were affected
significantly by soil salinity ranges and with sugar beet varieties. The interaction
between soil salinity ranges and sugar beet cultivars were significant over the
two seasons.

The highest values of shoot yield of sugar beet (45.28 and 33.76 toryha in
1997 and 1998) were obtained under 8, and S, soil salinity in 1997 and 1998
and with Dobreah local (Syrian cultivar) in the two scasons, while Ras Poly
cultivar gave the lowest value of shoot yield. In general, it is important to note
that Dobreah local cultivar gave the highest values of root and shoot yields while
Ras Poly cultivar gave the lowest values of root and shoot yields under different
soil salinity ranges. These results indicate that root and shoot yiclds of Dobreah
local cultivar is more tolerant to soii salinity (ECe) range from 8-25 dS/m than
the other studied cultivars under ficld conditions. While Ras Poly cultivar was
more sensitive to soil salinity within the same range. The observed results
indicate that there were balance between the root and shoot yvields of Dobreah
local and Kawemira varieties. These results are in agreement with those obtained
by Allam and Ali (1982) and E!-Yamani (1999).

2.Yield quality of sugar beet cultivars as affected by soil salinity ranges
Sucrose percentage
The obtained results {Table 6) show that sucrose percentage was affected
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significantly by soil salinity ranges in 1996/1997 and with sugar beet cultivars in
the two seasons, 1996/97 and 1997/98.

The interaction between soil salinity ranges and sugar beet cultivars had no
significant effect on sucrose percentage in the two seasons. The maximum values
of sucrose percentage (14.36 and 14.26% in 1996/97 and 1997/98) were obtained
under S, and S, soil salinity in 1996/97 and 1997/98 with Maribo and Dobreah
local (Syrian cultivar), respectively. Data reveal, also, that the mean value of
sucrose % in 1997 was affected by soil salinity ranges were in the order: Maribo
> Kawemira> Dobreah local > Ras Poly, while in 1998 the mean value were in
the order; Dobreah local > Kawemira> Maribo > Ras Poly. These results indicate
that sucrose % of Ras Poly cuitivar was more sensitive to soil salinity than the
other cultivars under studied condition. The reduction in values of sucrose % for
tested sugar beet cultivars under soil salinity conditions may be due to increasing
Na concentration or decreasing K/Na ratio by increasing N uptake or by other
means, increase the root water concentration and reduces the sucrose
concentration, (Carter, 1986). Similar results were reported by Higazy et al.
(1994) who found that root yicld quality of sugar beet cultivars differed in their
response to soil salinity.

Gross sugar yield

The results in Table 6 and Fig. 2 show also that gross sugar yield was
affected significantly by soil salinity ranges in the second season and by sugar
beet cultivars in the two seasons.

TABLE 6. Effect of sofl salinity ranges on sucrose percentage and gross sugar yield
of four sugar beet cultivars in seasons 1996/97 and 1997/98.

Sugar Soil salinity ranges (d$/m)
beet First season (1996/97) Second season ([997/98}
varieties S 5, S S, Mean 5, S S; S Mean
(8-12) | (12-16) | (16-200 | (20-25} (8-12) {1216} (16-200 | (20-25)
Root yield (ton/ha}

Ras Poly 11.733b|12.93a|11.622a|1288bf12239c|12.52a112.72a;1241a|1215a]1245a
Kawemira 1238ab{13.05a(1209a)14.18a(12.92abl 13.73a(13.88a|13.5ta|13.26a(153.59a
Maribo 12.60ak1338a118tal1436al1304a]i2.3dajld40la;i34]allld3lali’26a
Dobreah local [11.84ab) 12.74a|11.70a{13.96a[12.56 bef 13,11 al 1426 a} 1401 a{1359a}l3.74a

Statistical S v SXV S v SXV

Analysis

L3D 5% 1.00 0.36 ns ns 1.13 ns

LSD 1% 1.39 1.08 ns ns 1.54 ns

Gross sugar vield (ion/ha)

Ras Poly 465¢c|390d]455¢|{454c 44lc]6.i3b]|54Fb | 462c | 342¢c]48%¢c
Kawemira 630b | 635b [ 656b | 6.17b [ 634b|6.19b | 7262 | 7572 | 655a | 6.89a
Maribo 6.32b | 561¢[611bj605b:i602b)508c:d49 ¢ |602b|3529b1}533b
Dobreah local t 7282 | 7.2da [ 7.09a | 7.35a | 724a 1 7.14a | 549b | 7.55a | 6.29a j 661 a

Statistical S v SXV S v SXV

Analysis

LSD 5% ns 048 ns 038 0.36 *

LSD 1% ns 0.64 ns (.52 _L 0.48 i

In a column, means followed by a common letter are not significantly different at the 5% tevel by DMRT.
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Soil salinity ranges

Fig. 2. Effect of soil salinity ranges on gross sugar yield of sugar beet varieties.

Data also show that the interaction between soil salinity ranges and sugar
beet cultivars had no significant effect on gross sugar yield in the first season,
but a significant effect was observed in the second season. The results also show
that Dobreah local (Syrian cultivar) gave the maximum values of gross sugar
yield under all soil salinity ranges in the first season, while in the second seasons
Dobreah local and Kawemira cultivars gave the maximum values of gross sugar
yield. The mean value of gross sugar yield under all soil salinity ranges with two
year experiment were in the order: Dobreah local (Syrian) > Kawemira > Maribo
> Ras Poly in 1996/97 season and Kawemira > Dobreah (local Syrian cultivar),
Maribo > Ras Poly in 1997/98 season.

These results are in agreement with those obtained by Zein et al. (1998) who
found that gross sugar yield of sugar beet cultivars were significantly affected by
soil salinity.

White sucrose percentage
White sucrose % is an important parameter of sugar beet because it is final
useful form of sugar that the consumer uses. '

Data in Table 7 show that the white sucrose % was affected significantly by
soil salinity ranges and with sugar beet cultivars in the first season, but it was not
affected significantly by soil salinity ranges and with sugar beet cultivars in the
second season. The interaction between soil salinity ranges and sugar bect
cultivars had no significant effect on white sucrose % in the two years
experiment. The maximum values of white sucrose % (8.07 and 8.75% in
1996/97 and 1997/98) were obtained under S4 and S soil salinity in 1996/97 and
1997/98 with Maribo and Kawemira varieties, respectively. These results are in
agreement with those obtained by Khalifa and Header (1995).

Egypr. J. Soil §ci. 42, No. 2 (2002)
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TABLE 7. Effect of soil salinity ranges on white suc (%) and purity % of four
sugar beet cultivars in seasons 1996/97 and 1997/98.

.

Sugar Soil salinity ranges {d9/m)
beet First season (1996/97) “|Second season (1997/98)
varieties S S, S; Sy Mean Sy S, Sy S, Mean
(8-12) 1£12-16)[{16-20){(20-25) (8-12) }{12-16) ] (16-20) | (20-25)
White sucrose % |

Ras Poly 59b(69ial58al673bl638b1Y753a 223 | 637a] 654a ] 726a
Kawemira 6.6l ab] 7462 | 5.06a | 7.80a | 698a!667a | B75a|R01al 803a) 7854
Maribo 700a|756a|54%9a807af703a|649a|7091a|745a]795a( 7454
Dobreah local [6.29ab| 5.88b | 5432 17.56ab1629b | 624a 59a ) 765a]733al7435a
Statistical S Vv SXV S v SXV
Analysis

LSD 5% .18 .89 ns ns s ns
L3D 1% I.64 1.9 ns ns ns ns

Purity %

Ras Poly 50.80a[53.38a[4985a|51.61a]5141a[53.75a 51.70a(52.552(53.8%a
Kawemira 51.05a)56438)50.152(52.392|52.53a)51.80a 5463a)56202|56.36a
Maribe 55.50a{57.15a|4698a15698a54.15a}51.80a 5554a{57.23a|5558a
Dobreah local [ 52.65a]43.38b[47482)58396a{49.36a]51.382a 58962053.83a|5735a
Statistical S v SXV S 1" SXV
Analysis l

LSD 5% 5.84 553 . ns T ns ns
LSD 1% ns ns - ns ns ns

1n a column, means followed by a common letter are not significantly differant at the 3% levet by DMRT,

Data also show that the mean value of white sucrose % of sugar beet cultivars
under salinity levels in 1996/97 were in the order: Maribo > Kawemira > Ras
Poly > Dobreah local (Syrian cultivar) with significantly differences between
both Maribe and Kawemira and the two other varieties, Salinity may also affect
crop quality. In sugar beet, very low levels of sugar may result.

Purity %

The results in Table 7 show that purity % was affected significantly by soil
salinity ranges and with sugar beet cultivars in 1996/97, but it was not affected
significantly by soil salinity ranges and with sugar beet cultivars in 1997/98.

The interaction between soil salinity ranges and sygar beet cultivars had a
significant effect on purity % in 1996/97, but it had|no significant effect in
1997/98.

The maximum values of purity % (57.15 and 65.23% in 1996/97 and
1997/98) were obtained under S, soil salinity in the two seasons with Maribo
and Kawemira varieties, respectively. These results are in agreement with those
reported by Khalifa and Header (1995).
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In general the results indicate that Dobreah local cultivar (Syrian cultivar)
tolerates than the other studied sugar beet cultivars under field conditions of the
experiments. It gave generally the maximum values of root and gross sugar
yields in the two years. These observation are in agreement with those reported
by Zein ez al. (1998) who found that Dobreah local (Syrian cultivar) tolerates to
soil salinity (ECe) ranged from 2-10 dS/m than the other studied cultivars under
field conditions.
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