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ABSTRACT

Field trials were conducted at Sakha Agricultural Research Station Farm,
during the two successive growing seasons of 1999/2000 and 2000/2001 to
investigate the response of sugar beet to termination of last irrigation before harvest
ie., (W1)3weeks, (W2)5 weeks and (W3) 7weeks; hill spacing (S1) 20 cm and (S2)
30 cm and K-fertilizer rates 24, 48 and 72 kg K2O/fed. A split-split plot design with four
replicates was used. Termination of last irrigation occupied the main plots while hill
spacing arranged in subplots and K-fertilizer rates conducted to sub-subplots. The
results could be summarized as follows:

1- Termination of last irrigation 7 weeks before harvest produced the highest root
and sugar yields, sucrose percentage, water utilization and water use efficiencies.
Moreover, it received the lowest amount of applied irrigation water and lowest
water consumptive use.

2- Spacing of 20cm between hills (S1) produced the highest root and sugar yields,
water utilization and water use efficiency as compared to 30 cm space during the
two growing seasons.

3- Increasing k-fertilizer rate up to 72 kg K:Offed. resulted in high significant
increase in root and sugar yields as well as sucrose percentage.

4- Increasing K- fertilizer rates increased K content in roots and leaves and
decreased Na content.

5- It could be concluded that the combination between the termination of the last
irrigation (7 weeks before harvest), application of 72 kg K:O ffed. and 20 cm
space between hills produced the highest yield and water use efficiency of sugar
beet crop.

Keywords: Sugar beet, termination of irrigation, plant spacing, K-fertilization and

water relation.

INTRODUCTION

Economic use of irrigation water requires application of water at the
proper time and suitable amount to meet the needs of the growing crop,
prevent salt accumulation in the soil and increase the income of water unit.
Sugar beet crop response to a wide range of drought stress. Emara et al
(2000) found that holding irrigation at 4 weeks before harvesting decreased
root yield of sugar beet but increased sugar yield, water utilization efficiency
and water use efficiency. Omar (1998) pointed out that increasing the
drought period up to 6 weeks before harvesting of sugar beet increased root
and sugar yields and water use efficiency. Also, he added that N content was
decreased, while Na and K contents were increased in roots and leaves.

Abo-Soliman ef al. (1996) reported that irrigation of sugar beet plants
at 50% depletion of available water and withholding irrigation at 3 weeks
before harvesting resulted in the best water use efficiency, Khalifa and
Ibrahim (1995) found that irrigation of sugar beet plants at Kafr EI-Shiekh
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Governorate every 4 weeks resulted in a significant increase of root and
sugar yields under different levels of soil salinity.

El-Kassaby and Leilah (1992) reported that sowing sugar beet on
one side of ridges and 30 cm between hills (20,000 plants/fed.) resuited in the
highest root yield, while the highest sugar yield was obtained with sowing on
both furrow ridges and 25 cm plant spacing. Analogides et al (1981) showed
that increasing plant density up to 73,000 plants/ha. increased root yield but
decreased sucrose content of sugar beet roots. Hanna et al (1988) found
that the density of 46,666 plants/fed. produced the highest root and sugar
yields. Mohammed et al (1990) stated that 50 and 60 cm between ridges and
20 cm space between hills produced the highest root and sugar yields, El-
Kassaby et al. (1991) concluded that sowing sugar beet on both sides of
ridges 90 cm apart and 20 cm space between hills (46.666 plants /fed.) gave
the highest root and sugar yields. While sowing seeds on one side of ridges
60 cm apart and 15 cm space between hills resulted the highest sucrose
percentage.

Also, potassium has a great role in sugar beet nutrition and
consequently root yield and quality. Potassium is required for osmotic
regulation under water and salinity stresses, production of high-energy
phosphate molecule (ATP), photosynthesis, translocation of sugar, nitrogen
uptake and protein synthesis (Samuel et al., 1990).

Carter (1986 b) found that, sucrose percentage and root quality were
higher with low N and Na concentration and high K: Na ratio. Khalifa et a/
(1985) pointed out that K. fertilization of sugar beet plants exerted significant
increase in root and sugar yields and sucrose percentage. Abd El-Wahab et
al (1996) showed that increasing potassium fertilizer rate up to 48 K,0 /fed.
increased root and sugar yields. El-Rammady (1997) and Omar (1998) found
that increasing K-fertilizer rate up to 96 kg K;O /fed. Resulted in significant
increase in root and sugar yields. So, the objective of this work was to study
the effects of termination of last irrigation before harvest, hill spacing and
potassium fertilizer levels on sugar beet yield and water relations.

MATERIALS AND METHODS

Two field experiments were conducted at Sakha Agricultural
Research Station Farm during the two successive seasons, 1999/2000 and

2000/2001.
A split-split- plot design with four replications was used. The plot area

was 21m%(3x 7 m) and included 5 ridges, 60 cm apart.

Experimental treatments were carried out as follows:
A- The main plots:
W1- Termination of last irrigation at 3 weeks before harvest.
W2- Termination of last irrigation at Sweeks before harvest.
W3- Termination of last irrigation at 7 weeks before harvest.

B- The subplots:
S1- 20 cm space between hills (density 35.000 plant/fed)
S2- 30 cm space between hills (density 23.333 plant/fed).
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C- The sub-sub-plots:
K1- Application of 24 kg K;O/fed.
K2- Application of 48 kg K0 /fed
K3- Application of 72 kg K,O/fed.

Sugar beet (Raspoly v.) was planted on Sept, in both seasons. The
harvesting date was after 200 days from planting for both seasons. The
irfigation interval was 21day. Potassium as K-sulphate (48%K,0) was added
in two equal doses after thinning and before the next irrigation. Nitrogen and
phosphorus fertilizers were added according to the recommended doses of
North Delta area (80kgN/fed and15.5 P,O,/fed). The experimental field was
clayey in texture, non-saline and non-alkaline soil and the field has a shallow
water table depth (76cm). Data in Table (1) show some soil properties of the
experimental site, which determined according to Page (1982) and Garcia
(1978).

Table 1: Some soil properties of the experimental site.

y

Soil moisture

£ Particle size Total = e

§E distribution (%) |Textur|carbo-{O.M.| pH dEsfne" SAR §"E charat(::/e)n s
=12 e class| nate. | % |(1:2.8)| 5 . h 2 AS
S Sand| Silt | clay % g F.C.|W.P M

0-30 | 18.8]132.7] 48.4 |[clayey| 2.55 [1.61] 7.75 | 1.54 |4.70 13.20 [ 23.36 19.84
30-60 | 16.66 33.14 50.20 |clayey| 2.67 [1.53] 7.91 | 1.52 [5.80 }0.80 | 23.04 17.73
60-90 | 14.98 37.11 47.87 |clayey| 2.10 |1.18| 848 | 2.15 [7.00 10.10 | 22.64 17.47

mean | 16.84 34.34 48.82 |clayey| 2.44 [1.44] 8.05 | 1.74 |583[1.24}1.37|23.04 18.31

| b |
W3 | =
Moo

The studied parameters:
1- Sugar beet yield and its components:
At harvesting time, 10.5 m? from the central ridges of each plot was
selected to determine root yield, sucrose percentage, Na, Kand N % in
roots and leaves according to Sach Le Docte as described by Mc Ginnus

(1971) and Page (1982).

2-Water relations
2.1-Seasonal water applied( Wa):

Irrigation water was applied using cut through flume according to
Michael (1978) .Seasonal water applied included effective rainfall.

2.2-Actual water consumptive use(CU):
Water consumptive use was computed according to the following
equation (Israelsen and Hansen, 1962)
CU=8,-6, xDb xD

100
Where:
CU =Actual Consumptive use (m)
8,= Soil moiture after irrigation (%)
8,= Soil moisture before irrigation (%)
Db = Bulk density for each layer (kg/m3)
D Depth of each layer (m)
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2.3-Water efficiencies:
A- water utilization efficiency ( W.UT.E.)
It was calculated according to Doorenbos and Pruitt (1975) as:

W.UT.E. = Yield of roots or sugar (kg/fed.)
Water applied (m°/fed)

B- Water use efficiency (W.U.E.)
It was calculated according to Doorenbos and Pruitt (1975) as :

W.UE= Yield of roots or sugar (kglfed.g

Water consumptive use (m’/fed)

3-Soil Chemical Properties:

Soil samples representing each treatment were taken after
harvesting from two layers 0-30 and 30-60 cm, to determine soil salinity
(ECe) and soluble ions according to Page (1982).

Data were statistically analyzed according to Snedecor and Cochran
(1974).

RESULTS AND DISCUSSION

1- Root yield :

The obtained results in Tables (2 and 3) show that time of last
irrigation, plant spacing and K- fertilization had a highly significant effect on
root yield of sugar beetin the two growing seasons. The termination of last
irrigation 7 weeks before harvest (W3) recorded the highest root yield (36.25
and 36.78 ton/fed.) in the 1% and 2™ seasons, respectively. In contrast,
delaying the last irrigation produced the lowest root yield during the two
seasons. The 20cm between hills produced the highest root yield in both
growing seasons (36.15 and 36.11 ton/fed.), respectively. While, increasing,
the space between hills to 30 cm caused a significant decrease in root yield
(27.04 and 33.88ton/fed.) in the first and second seasons, respectively.
Increasing K-fertilizer rate up to 72 kg K;Of/fed. produced the highest root
yield in both growing seasons (34.625 and 37.584 ton/fed.), respectively.
Data also, reveal that the interactions between last irrigation, hill spacing and
K- fertilizer rates were high significant on root yield. The obtained results are
in agreement with those obtained by Khalifa and Ibrahim (1995) ; Abo-
Soliman et al.(1996) ; Hanna et al. (1998) and Omar (1998).
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Table 2: Sugar beet yield (ton/fed.) and its components as affected by
different treatments (1* season).

Root Sugar Na% K% N%
Treatments | yield i yield
tonfed % bikad Roots* Leaves Roots Leavsi Roots | Leaves

Irrigation

1 27.433 | 16.069 | 4.695 | 0.115] 4.084 | 0.405 | 4.560 | 0.428 1.194

2 31.096 | 16.894 | 5564 | 0.135/4.610 | 0.430 | 4.955 | 0496 1.380

3 36.253 | 17.959 | 6.556 | 0.150/ 5.037 | 0.512 | 4.981 | 0.591 1.559
Test - - r = rm — - — -
L.S.D. 0.05| 0.921 | 0.821 0.264 | 0.002| 0.250 [ 0.032|0.134 | 0.022 | 0.019
0.01 1.395 - 0.677 | 0.004( 0.378 | 0.048 | 0.203 | 0.034 0.028
Space(S)
S1 36.147 | 16.933 | 6.155 | 0.144] 4.379[ 0436 4363 | 0565 | 1.687
S2 27.041 | 18.349 | 5055 | 0.156/ 4.775 | 0.461 | 5.302 | 0.445 1.405
F-Test T - = = = r ~ -
L.S.D 0.05 | 0695 0.651 0.272 0.004) 0.157 | 0.017 | 0.072 | 0.017 0.017
0.01 0.999 0.935 0.391 0.005| 0.226 | 0.024 | 0.103 | 0.024 0.024
{Potassium
K1 28.458 | 16.983 | 4.872 | 0.165] 5248 | 0.355 | 4316 | 0.626 1.341
K2 31.698 | 17.651 | 5625 | 0.152] 4.499 [ 0.459 | 4818 | 0.477 | 1.507
K3 34625 | 18.288 | 6.319 | 0.132] 3.948 | 0.533 | 5362 | 0412 | 1.790

*
-TBS! - 3 - . x - - - =

L.S.D. 0.05 | 0.784 | 0.640 | 0.261 | 0.007| 0.569 | 0.026 | 0.238 | 0.037 | 0.087

.01 1.051 0.858 | 0.350 | 0.009| 0.763 [ 0.035]|0.320 | 0.050 | 0.089
Interactions

W= S = = = ne — = - - -

| x K = ns ns ns ns ns ns g ns

Sx K = ns & ns ns Y ns . <

Wx Sx K e ns ns ns ns i ns 5 ns

2- Sucrose percentage and sugar yield:

With regard to sucrose percentage and sugar yield (Tables 2&3)itis
clear that the last irrigation had a significant effect on sucrose percentage
and sugar yield. Moreover, hill spacing and K- fertilization had high
significant effects on sucrose percentage and sugar yield during both
seasons. The highest sucrose percentages in the 1* and 2™ seasons (17.96
and 17.20 % ), and sugar yield (6.556 and 6.339 ton/fed.), respectively were
obtained due to the termination of last irrigation 7 weeks before harvesting
(W3). The lowest sucrose percentages and sugar yield were resulted from
the short period of drought (W1) before harvesting.

4295




Omar, E.H. et al.

Table 3: Sugar beet yield (ton/fed.) and its components as affected by
different treatments (2™ season).

Treatments B:&t cron sre?:r na K e
tglnlfe,cl % tgn!fe'd Roowl Laave1 Rootsi Leavey Roots | Leaves
Frﬁgaﬁgn
w1 33155 | 15967 | 5.297 | 0.124| 3.595 | 0.362 | 4494 | 0.989 | 1.336
W2 35030 | 16.467 | 5793 | 0.138/ 4.012 | 0.400 | 4649 | 1.355 | 1.451
W3 36.781 | 17.204 | 6.339 | 0.149| 4.642 | 0.465 | 4.887 | 1.475 | 1.607
F Test ™ v = r— - r— r o5 -
L.S.D.0.05 | 0339 | 0916 | 0.352 | 0.003| 0.205 | 0.022 | 0.120 - 0.022
0.01 0.513 - 0.533 | 0.005|0.310 | 0.034 | 0.182 - 0.034
Space(S)
S1 36.107 | 16.208 | 5.869 | 0.134] 3.877 | 0.414 | 4.256 | 0.463 1.502
S2 33.877 | 16.883 | 5.744 | 0.140| 4.290 | 0.404 | 5.097 | 0.423 1.428
F-Test r— r— — = = e = e ~
L.S.D 0.05 | 0.423 0.219 0.067 - 0.139 - 0.080 - 0.053
0.01 0.608 0.314 0.097 - 0.199 - 0.116 - -
Potassium
KA1 32.350 | 15.046 | 4.868 | 0.150| 4.579 | 0.341 | 4313 | 1.570 1.274
K2 35042 | 16.883 | 5.920 | 0.143] 3.963 | 0.381 | 4.652 | 1.295 1.409
K3 37.584 | 17.708 | 6.630 | 0.118| 3.708 | 0.506 | 5.066 | 0.954 1.712
F-Test = r— - = — = - -
L.S.D. 0.05 | 0.340 | 0.679 | 0.219 | 0.008| 0.470 | 0.037 | 0.098 - 0.064
0.01 0.457 0.911 0293 | 0011| 0.630 | 0.050 | 0.131 - 0.086
Interactions
W= S r o5 = s - r— = o7 rs
Wx K e ns ns ns ns ns ™ ns ns
Sx K e ns ns ns ns ns g ns =
Wx Sx K = ns ns ns ns ns e ns ns

Also, data reveal that, planting sugar beetin 20 cm between hills
(S1) produced the lowest sucrose percentage in the 1 stand 2™ seasons
(16.93 and 16.21 %), respectively but , achieved the highest sugar yield
(6.155 and 5.864 ton/fed.), during both seasons respectively. Increasing K
fertilizer rate from 24 to 48 or 72 kg K,Offed resulted in highly significant
increases in sucrose percentage and sugar yield in the two growing seasons.
In the 1% and 2™ seasons the highest sucrose percentages (18.29 and
17.71%), respectively and sugar yields (6.319 and 6.630 ton/fed.),
respectively were obtained with 72 kg K,O/fed. The interaction between
W xS and K had no significant effect on sucrose percentage in both seasons
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While, last irrigation with hill spacing (W x S) had a significant effect on
sugar yield in both seasons. These results are in agreement with those
obtained by El-Kassaby et al (1991) Khalifa and Ibrahim (1995), EL-
Rammady (1997) and Omar(1998).

3- Mineral content:

Values of Na, K and N concentrations in the dry matter of sugar beet
roots and leaves are shown in Tables (2and3). Data reveal that, the last
irrigation time had hlghly sugnuf icant effects on Na, K and N contents in roots
and leaves in the 1% and 2™ growing seasons. Increasing the period of
drought before harvesting increased Na, K and N contents in root and leaves
during the two growing seasons. The increase of Na and K contents of sugar
beet under soil moisture stress conditions could be attributed to the osmotic
regulation process which enable the plant to extract the soil moisture under
stress conditions. However, Samuel et al (1990) stated that potassium
provides much of the osmotic regulation that draws water into plant roots.
The early termination of irrigation (W3), recorded the highest values of Na, K
and N in roots (0.15, 0.512 and 0.591%, respect:ve!y) and in leaves (5.037,
4.981 and 1.559%, respectively) during the 1% season. The corresponding
values for Na, K and N contents in the 2™ season were 0.149, 0.465 and
1.475%, respectively in roots and 4.642, 4.887 and 1.607 %, respectively in
leaves.

Hill spacing had highly 5|gn|ﬁcant effects on Na, K and N contents in
roots and leaves during the 1 season and Na, K and N contents in leaves
during the 2™ season. Data clear that sowing sugar beet in 30 between hills
increased Na and K contents in roots and leaves of sugar beet butthe
content of N was decreased. Under low plant density ( 30 cm spacing) the
ground covered area is less than that under 20 cm spacing and
consequently the evaporation will be higher which resulted in higher salt
concentration in the soil and plants. Regarding the potassium fertilization,
data show highly significant effects of K-fertilizer on Na, K and N contents in
roots and leaves of sugar beet during the two growing seasons. Increasing
K- fertilizer rate increased K content in roots and leaves and N content in
leaves during the two growing seasons. In contrast, increasing K-fertilizer
rate decreased Na content in roots and leaves and N content in roots during
the two growing seasons. The same trend was found by Hamid and
Talibudeen (1976), Kochl (1978)and Rathert et ai(1981a) who observed the
antagonism between K and Nain sugarbeet plant. The highest values of K
content m roots (0.533 and 0.506%) and in leaves (5.362 and 5.066%) in the
1* and 2™ seasons, respectively were obtained under the highest K-fertilizer
rate, ( 72 kg K;O/fed.) While the highest values of Na content in roots (0.165
and 0.150%) and in leaves (5.248 and 4.579%) in the 1% and 2™ season,
respectively were achieved under the lowest K-fertilizer rate (24 kg K;O/fed.).

The interaction between W and S treatments had highly significant
effects on leaves Na, K and N contents in the two growing seasons. Also, the

interaction between S xK had high significant effect on leaves N content in
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the two studied seasons. The obtained results are in agreement with those of
Mengel and Kirkby(1982), Winter(1989) El-Rammady(1997) and Omar(1998).

4- Water relations:
4.1 Applied irrigation water(Wa):

Applied irrigation water values are shown in Table (4). The obtained
results reveal that decreasing the period of drought before harvesting
increased irrigation water applied for sugar beet during the two growing
seasons. On the other hand, decreased plant spacing from 30 cm to 20 cm
between hills increased the amount of water applied for sugar beet crop. This
could be attributed to the higher plant population with 20-cm space
(35,000plant/fed.), which consumed more water and consequently more soil
dryness before irrigation. The highest values of irrigation water applied in the
1% and 2™ seasons (3005.1 and 3155.5 m*/fed., respectively) were recorded
under treatment with (W1) with 20 cm spacing (S1)the lowest values of
applied water (2397.4 and 2561.2 m */fed.) were obtained with treatment (W3)
under (S1) in the first and second seasons, respectively. Therefore, the
treatment (W3) saved about 20.22 and 18.83% of irrigation water applied
comparing with (W1) and (W2), respectively. These results are in agreement
with those of Winter (1989), Omar (1998) and Emara et a/ (2000) .

4.2 Actual water consumptive use(CU):

Data in Table (4) illustrate the values of water consumptive use by
sugar beet during the two growing seasons. It is clear from data that delaying
the last irrigation increased water consumptive use by sugar beet. On the
other hand, planting sugar beet in 60-cm rows and 20-cm space between hills
(S1) increased water consumptive use comparlng to 30-cm space between
hills. The highest values of water consumptive use in the 1¥ and 2™ seasons
(2448.6 and 2556.5 m %fed.) were obtained with treatment W, (stopping
irrigation, 3 weeks before harvest) under 20cm planting space (S1). These
results are in agreement with those of Winter (1989) Omar(1998) and Emara

et al (2000) .

Table 4: Effect of last irrigation and hill spacing on applied water,
consumptive use and water use efficiencies of sugar beet.
Irrig. Water Root Sugar Water utilization Water use efﬂclency
Water [consumpti| . 1d ield efficiency (kg/m3) (kgjm )
applied | ve use,  intrr g
m’?f e, maffed. kgifed. | kg/fed. Root Sugar Root Sugar
$1 -|s2] S1 [S2] 1] 821811 52| 51|52 S1| 82| S1.[S2}S1]|s2
FIRST SEASON
W1 [ 3005, 2842.1a48.6 [341.1 p2625 p240 | 530] 4019 [10.86] 7.82] 1.76 | 1.41 [13.32] 9.50 | 2.16 [1.72
W2 | 2708 | 2526.1220.5 1047 5 57175 25017637 4754 [13.72| 9.90] 2.35 | 1.88 |16.74|12.22| 2.87 [2.30
W3 | 2397.] 2250.1966.1 |838.8 p8540 33865 679] 6320 |16.12] 15.04 2.83 | 2.81 |19.65/18.42] 3.46 |3 44
SECOND SEASON
W1 | 3155.] 3004.]556.5 [445.2 82571 33740 | 505{ 5538 [10.32] 11.23 1.60 | 1.84 [12.74]/13.80| 1.98 [2.2§
W2 | 2856.{ 2727.1314.6 2252B576? 3311 |593| 5637 |12.87| 12.21 2.08 | 2.07 |15.88)|14.97| 2.56 [2.53
W3 | 2561.2459.9)77.3 p78.6 Po83 1559 66226056 [15.22 [14.05 259 P46 [18.77 17.47 3.19 B.0§

irrg.

4.3 Water utilization efficiency(W.UT.E):
The obtained results in Table (4) reveal that the early termination of
irrigation before harvest augmented the water utilization efficiency for both
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root and sugar yields in the two studied seasons. Stopping the last irrigation
7 weeks before harvest (W3) resulted in the highest (W.UT.E) for both root
and sugar yields under 20 or 30 cm plant spacing. Data also, show that
sowing sugar beet in 60 cm rows and 20 cm between hills (S1) produced the
highest (W.UT.E) for root and sugar yields compared to 30 ¢cm plant spacing
(S2) under different irrigation treatments. The highest average values of
water utilization efficiency in the 1 and 2™ seasons (16.12 and 15.22 kg/m®
respectively) for roots and (2.83 and 2.59 kg/m®) for sugar yield, were
obtained when sugar beet sown in 20 cm plant spacing (S1) and the last
irrigation was terminated 7 weeks (W3) before harvesting. The obtained
results are in agreement with those of Winter(1989), Omar ( 1998) and
Emara et al (2000).

4.4 Water use efficiency ( W.U.E):

Data in Table (4) show that early irrigation holding increased water
use efficiency of sugar beet plants. 20 cm spacing between hills increased
water use efficiency. Such increase in WUE may be attributed to that 20 cm
hill spacing produced a higher root and sugar yields and consequently higher
water use efficiency. The highest values of W.U.E (14.65 and 18.77kg/m’)
for root yield and (3.46 and 3.19 kg/m®) for sugar yield in the 1% and 2™
seasons, respectively, were obtained when the last irrigation was terminated
7 weeks before harvest (W3) and 20 cm(S1) between hills. These results are
in agreement with those of Winter (1989), Omar (1998) and Emara et al
(2000).

5- Soil salinity and alkalinity:

The obtained results in Table (5) show that soil salinity (ECe) and
SAR were increased with increasing the period of drought before harvesting
sugar beet during the two growing seasons, this could be attributed to the
upward movement of soluble salts under the condition of soil water stress.
The highest mean values of ECe (1.72 and 2.25dS/m) and SAR (6.11 and
6.81) in the 1% and 2" seasons, respectively, were obtained under the most
drought treatment W3 (7weeks before harvest). It is obvious from data that
ECe values were increased after the 2™ season under irrigation treatments
W2 and W3 comparing to the initial ECe values 1.53 dS/m. Data also reveal
that ECe and SAR values were higher in the surface layer (0-30cm) than in
the sub soil layer (30-60 cm) during the two seasons. Regarding the effect of
plant spacing, the obtained results show that ECe and SAR values were
higher under 30 cm space than under 20 cm space between hills in the two
growing seasons. This result could be attributed to the higher uptake of salts
under 20 cm space (high plant density) than under 30 cm space (low plant
density), also under the low plant density there is more evaporation from soil
surface by solar radiation and consequently secondary salinization. The
obtained results are in agreement with those Khalifa and Ibrahim (1995) and
Omar (1998).
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Table 5: Effect of different treatments on soil salinity (ECe) and sodium

adsorption ratio (SAR)
ECe, dSm” SAR

Seasons | Treatments g?av!odepthé;:o Mean os.;g & mé;_"s'o Mean
w1 1.32 129 | 1.39 4.99 4.63 4.81

o w2 1.44 143 | 1.44 5.82 5.54 6.68
E g W3 172 172 | 112 6.17 6.05 6.1
] S1 1.27 140 | 1.34 558 5.44 5.51
S2 1.71 155 | 163 5.73 5.36 5.55

w1 1.49 133 | 1.41 5.59 5.49 5.54

g w2 1.65 153 | 159 6.65 6.43 6.54
g w3 3.37 212 | 2.25 7.11 6.51 6.81
» @ S1 1.72 158 | 1.65 6.19 6.03 6.11
S2 1.94 174 | 1.84 6.71 6.26 6.49

CONCLUSION

It could be concluded that application of 72 kg K20/fed with plant
spacing 20 cm between hills and termination of the last irrigation 7 weeks
before harvest produced the higher root and sugar yields and water utilization
and water use efficiency of sugar beet crop in the clay soil at North Nile Delta.
The importance of K-fertilization is to producing higher values of sucrose
percentage, root and sugar yields, moreover inhibits Na uptake and
consequently achieve good root quality. The importance of higher plant
density is to obtaining high root and sugar yields. The importance of the early
termination of irrigation is to achieve high sucrose, sugar yields and
maximizing the water utilization efficiency of sugar beet plantand saving
about 20.2% from irrigation water applied.

RERERENCES

Abd El-Wahab, S.A.;A.A. Amer; M. |. EI-Shanawy and M. M. Sobh (1996)..
Effect of different irrigation amounts and potassium fertilizer rates on
yield and quality of sugarbeet and water efficiencies. J.Agric. Sci.
Mansoura Univ., 21(12):4678-4699.

Abo-Soliman, M. S. M; M. A. Ghazy; S. A. Abd El-Hafez and F.N. Mahrous
(1996). Effect of soil moisture depletion levels and time of withholding
irrigation on yield and quality of sugarbeet and water use efficiency. J
Agric. Res. Tanta Univ., 22(1): 222-228.

Analogides, D.A; T.H.Oumides and S. Spasses (1981). Growth analysis of
sugarbeet with references to plant population and sowing. Hellenic
sugar Industry Quarterly Bulletin, 46: 438-447.

Carter, J.N. (1986b). Potassium and Sodium uptake by sugarbeets as
affected by nitrogen fertilization rate, location and year. J. Am. Soc.
Sugarbeet Technol., 23(2 and 3): 121-141.

Doorenbos, J. and W.O. Pruitt (1975). Crop Water Requirements. Irrigation
and drainage papers, No, 24, F.A.O. Rome.

4300



J. Agric. Sci. Mansoura Univ., 27 (6), June, 2002

El-Kassaby, A.T. and AA. Leilah (1992). Influence of plant density and
nitrogen fertillizer levels on sugarbeet productivity. Proc. 5" .Conf.
Agron., Zagazig, 13-15 Sept., (2):954-962.

El-Kassaby, A.T; S. E. El-Kalla; A. A. Leilah and S. El-Khatib (1991). Effect
of planting patterns and levels of N and K-fertilization on yield and
quality of sugarbeet. J. Agric. Sci. Mansoura Univ., 16(7): 1497-1504.

El-Rammady, H.R. (1997). Response of sugarbeet to nitrogen and
potassium dressing at different levels of soil salinity. M.Sc. Thesis,
Fac. Agric. Tanta Univ.

Emara, T. K.; Nariman, O. A. Youssif and Manal, M. M. El-Tantawy (2000).
Irrigation efficiencies as affected by timing of last irrigation for sugar
beet in North Nile Delta. J.Agric. Res. Tanta Univ., 26(3):581-590.

Garcia, |. (1978). Soil water engineering laboratory manual. Department of
agricultural and chemical engineering. Colorado State University,
Fortacollins. Colorado, USA.

Hamid, A. and O.Talibudeen (1976). Effect of sodium on the growth and
uptake by barley, sugar beet and broad beans. J. Agric. Sci., UK.
86(1):49-56.

Hanna, A.S.; AT.El-Kassaby; A.N. Attia and M.A. Badawi (1988). Studies
on the inter-relationship among planting dates, hill spacings, varieties
and nitrogen fertilization in sugar beet(beta vulgaris, L.). J. Agric.Sci.
Masoura Uriv., 13(2): 598-605.

Israelsen , O.W. and V.E. Hansen (1962) Irrigation principles and practicees ,
3™ Edit., John Willey and Sons , Inc. New York.

Khalifa, M.R. and S.M. lbrahim, (1995). Effect of irrigation intervals under
different soil salinity on yield, quality and water relations of sugarteet
at Kafr El-Shiekh Governorate. J. Agric. Res. Tanta Univ., 21(4). 795-
805.

Khalifa, M. R; F.Il. Header and A. Rabie (1995). Response of sugarbeet to
rates and methods of K fertilizer application under different levels of
soil salinity. J. Agric. Res. Tanta Univ., 21(4): 806-814.

Kochl, A.(1978). The effect of nitrogen and potassium nutrition on yield and
quality of sugar beet. Fertilizer use and production of carbohydrates
and lipids, 209-219.

McGinnus, R. A. (1971). Sugar Beet Technology. 2™ Ed. sugar beet
Development Foundation Fot. Collinos, colo.,, USA.

Mengel, K. and E. A Kirkby (1982). Potassium in Crop production. Adv.
Agron. 33:59-100.

Michael , A.M. (1978) . Irrigation Theory and practice.Vikas Publishing House
PVTLTD ,New Delhi, Bombay.

Mohammed, E.A.; N. A. Khalil and S.Y. Besheet (1990). Effect of nitrogen
fertilization and plant density on sugar beet. 2. Root weight, root, top
and sugar yields and sugar quality. Proc. 4" Conf. Agron. Cairo, 15-16
Sept., Vol 11:433-446.

Omar. E. H. (1998). Studies on the effect of mid-to late season drought and
potassium fertilization on water relations and yield of sugarbeet crop at
North Delta. Ph.D. thesis. Fac. Agric. Tanta Univ.

4301




Omar, E.H. et al.

Page A. L. (Ed) (1982). Methods of Soil Analysis, part2: chemical and
microbiological properties, (2™ Ed.), Am. Soc. at Agron. Inc. Soil Sci.
Soc. of Am. Inc., Madison, Wisconsin, USA.

Rathert, G: H.W. Doering and J. Witt (1981a). Influence of extreme K: Na
ratios and high substrate salinity on plant metabolism of crop differing
in salt tolerance. |. K:Na effects on growth, mineral uptake and
distribution of extreme salt tolerant crop species. J. plant Nutrition,
3(6): 967-986.

Samuel, LT.. LN. Werer and D.B. James(1990). Soil Fertility and
Fertilizers (4" Ed.), MacMillan Company, New York.

Snedecor, G. W. and W. G. Cochran (1974). Statistical Methods. 6™ Edition
lowa State Univ., Press. Ames. lowa, P. 593.

Winter, S. R. (1989). Sugar beet yield and quality response to irrigation, row
width, and stand density. J. Sugar beet Res., 26(1): 26-33.

ol ) el g A2 )50 Clils 5 4y AT dlasal ) ey Aladud
¢ e Aaal Al e dana ¢ g Jf Al 26 daaa ¢ s Sl )
e

Lol )30 Sgaall 85 = Al goluall g ol V) Sigay 4aa

[Y399 el )5 Cpasa (b B Bl )30 & ) gy Alia 4 500 S

.!L.A:LJIJ_._EJJ]IJA)S.J‘Hdwh@ldhhlﬂT--\ /Y--- o A

il a I gl Guaa Ve o Y hl))&ﬁhuc‘t_guiiqu_,&hilo‘&him
.Q‘-\idﬁ“_ﬁ;-‘-&_,v“ o EA G YE QYJ&A.'!LJU—-:U_,J .13.-....3.'!]

ok Las ) el (S s

3 siad Jsmandd Ll el ael (W3) gl dasay sasd) J 5 ) 85 )
u'al._i';n,.._5_,11,1_3.,.!_15.:\...1;:.1.&5;_\1.,.3\.@1_,_,s.ma._mtg;;gj,)s_.n Jpana
cllginal) oLl 13S Adliad) (5 sl duaS

Yo dilue e Aol 30 e Jduadl siad) Gpan Yo Slilua eyl Jpana del Y
;c.\__ishgial._:)'s.gil,\@}d)m.a‘_‘.l;iahai?ahiéL.u..u.l:.i.;lJ_‘).\l;,i;g;H
Y elaa plassul

3 oyl d).._haa.ni_\\.-:_')é! ;_5.‘:‘ Jl.ﬁ/(a};:.uta}g'ih_, VY il el 3343 -7
S s Jpmana (b Sl &y il Zu) 1Sy S

oaliadl I s 5 @Y g osiad e sl 35 s gl andll 33l — ¢
Sl als g el

Ge) )3 an gt s (M gos Saall U8 50 O Sl s Sl O gl (S 0
3 Jeana i bl b fiany VY (o gl paudl 5 pu Yo Cilisa e
w5 olaa ra‘.i:'h'lu\i sc.LiS“.lr.\

4302



