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IRRIGATION WATER MANAGEMENT FOR SUGAR BEET CROP
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ABSTRACT

Field experiments were conducted at Tameia Res. Station, Fayoum

Governorate during 2007/2008 and 2008/2009 seasons to study the effect
of the combination between two ridge width treatments, i.e. (R1): ridges of
60 cm width and (Ry) : ridges of 120 cm width (beds planted from both
sides), with four irrigation regimes, i.e. (Iy) : 30%, (I2) : 45%, (lI3) : 60%
and (l4): 75% available soil moisture depletion (ASMD) on sugar beet
yield and its components, quality and some water relations. A split - plot
design with four replication was used. The main obtained results were as
follows:

1.

Root length, root diameter, root weight, fresh root yield / fed, sucrose,
T.S.S., juice purity percentages and sugar yield/fed were significantly
affected by ridge width, irrigation regime treatments and their
interaction in both seasons, to different magnitudes.

Planting on ridges of 60 cm width and irrigation at 30% ASMD gave
the highest root diameter (16.8, 17.3cm), root weight (2.64, 2.73gm)
and root yield (19.78 and 20.56 t/fed in 2007/2008 and 2008/2009,
respectively). However, the lowest averages were obtained from bed
(R2) planting and irrigation at 75% ASMD in both seasons. Root length
under both ridge width treatments significantly increased as ASMD
increased from 30% to 75% in both seasons.

The highest sucrose %, i.e. 18.26 and 18.55% in the two
successive seasons were detected from wide ridges planting and
irrigation at 30% ASMD, whereas planting on ridges of 60 cm width
and irrigation at 30% ASMD gave the highest sugar yield (3.58 and
3.80 t/ fed in 2007/2008 and 2008/2009 seasons), respectively.
Seasonal consumptive use (ET¢) averaged 52.80 and 54.38 cm in the
two successive seasons. The highest ET¢ values, i.e. 58.86 and 60.26
cm in 2007/2008 and 2008/2009 seasons, respectively were detected
from planting on ridges of 60 cm width and irrigation at 30% ASMD.
Planting on beds and irrigation at 75% ASMD gave the lowest ET¢
values, i.e. 46.82 and 47.73 cm in the two successive seasons. Planting
on wide ridges (beds) decreased ET¢ by 7.00 and 8.71% in the two
seasons.

Daily ET¢ rates started with low values, then increased during Jan. and
Feb. months and reached its maximum values during March, then
redecreased during April and May. The crop coefficient (K¢) during
the growing season months from November until May were 0.55, 0.7,
0.83, 1.05, 1.11, 0.79 and 0.59, respectively, (average of two seasons).
Planting on wide ridges (beds) and irrigation at 45% ASMD was
found to be the optimum efficiency of water use, i.e. 8.018 and 8.021
kg roots/m® water consumed in 2007/2008 and 2008/2009 seasons,
respectively, as a treatment for water rationalization.
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INTRODUCTION

Irrigation managements play the important role in the agriculture
strategy, due to the limited water resources and the expansion of the newly
reclaimed areas. Thus, water use rationalization in irrigation can be achieved
throughout many agricultural practices, i.e. tillage, ridging, drought tolerant
varieties, fertilization,....etc. Musick and Dusek (1982) indicated that a
common practice to limit the quantity of water intake in graded furrows has
been to irrigate widely spaced furrows or alternate furrows. Musick et al.
(1985) reported that seasonal consumptive use of corn (ETc) planted on
furrows of 0.75 m width was greater than wide furrows of 1.5 m width
.Tawadros and Abd EI-Aziz (1992) pointed out that increasing ridge width
caused a reduction in cotton and corn water consumption. Salib et al. (1998)
concluded that increasing ridge width from 0.7 m to 1.4 m caused significant
decreases in yield and yield components, whereas seasonal ETc of sunflower
reduced by 12.7% .Ashry et al. (2008) found that planting grain sorghum on
beds of 120 cm width significantly decreased all yield components, grain yield
by 5.9%, and seasonal consumptive use by 5.37% than those planted on ridges
of 60 cm width.

Regarding, the effect of irrigation on sugar beet crop, Doorenbos et al.
(1979) reported that water requirements ranged between 55 and 75 cm. The
crop coefficient (K¢) is 0.4-0.5, 0.7- 0.85, 1.05-1.2, 0.9-1.0 and 0.6-0.7 during
the initial, crop development, mid-season, late season and harvesting Qerlods
respectively. The water use efficiency (WUE) is 6-9 kg roots/m® water
consumed. Prasad et al. (1985) indicated that the maximum sugar yield (6.3
t/ha) and water consumptive use (65 cm) were observed from irrigation at 80%
available soil moisture (ASM). Semaika et al. (1988) revealed that irrigation
at 40% ASMD gave the highest root length and diameter. Consumptive use
decreased as ASMD increased and highest K¢, Values were detected from
irrigation at 20% ASMD. Ibrahim (1990) found that irrigation at 30,60 and
90% ASMD resulted in water consumptive use (ETc) of 2699.5, 2271.8 and
2127.7 m*/fed, respectively. The highest (WUE) was resulted from irrigation
at 30% ASMD. Khafagi and El-Lawendy (1997) showed that decreasing
irrigation frequency decreased root weight, root length and carbohydrate
content of roots. Massoud and Shalaby (1998) indicated that irrigation every
15, 30 or 45 days had no significant effect on s ugar yield and water
consumptive use values were 6028, 5107 and 3449 m°/ha, respectively. El-
Askari et al.(2003) pointed out that irrigation with water amount equal to 90%
field capacity gave the highest crop yield, acceptable yield quality and good
WUE values. EI-Shouny et al. (2003) reported that consumptive use values
were 75.08, 73.29 and 70.58 for irrigation at 40,60 and 80%ASMD,
respectively. The highest WUE was attained from irrigation at 60% ASMD.
Ashry et al. (2007) concluded that irrigation at 35% ASMD gave the highest
values of root diameter, root weight, root yield (19.96 t/fed) sugar percentage,
juice purity%, sugar yleld (3.94 t/fed), seasonal ET¢ (62.19 cm), daily ET¢ and
WUE (7.73 kg roots/m® water consumed), compared with irrigation at 55% or
75% ASMD. However, the highest root length and T.S.S. values were
observed from irrigation at 75% ASMD. The K¢ values from Oct. until May
were; 0.52,0.71, 0.88, 1.14, 1.28, 1.08, 0.69 and 0.55, respectively.
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MATERIALS AND METHODS

Two field experiments were conducted at the farm of Tameia Agric.Res.
Station, Fayoum Governorate during 2007/2008 and 2008/2009 seasons to
study the effect of ridge width and irrigation regime treatments on sugar beet
crop and its quality and crop water relations. To achieve these targets two
ridge width treatments, i.e. Ry: planting on ridges of 60 cm width from one
side and Ry: planting on ridges (beds) of 120 cm width from both sides, were
combined with four irrigation treatments, i.e. I, irrigation at 30%, 1,:45%, I3:
60% and l4: 75% available soil moisture depletion (ASMD) in a split-plot
design with four replications. The effect of different experimental treatments
on yield components, yield, and yield quality and crop water relations was
studied. Sugar beet seeds (Beta vulgars L.) at the rate of 5-6 kg seeds/fed were
planted on Nov. 5™ and 15" in 2007/2008 and2008/2009 seasons, respectively,
in hills of 15.0 cm apart and thinned for one plant/hill immediately before the
first irrigation. Nitrogen fertilization (ammonium nitrate 33.5% N) at the rate
of 80 kg N/fed was added in two equal doses (at the 1% and 2" irrigation).
Calcium super phosphate (15.5% P,0s) at the rate of 200 kg/fed and potassium
sulphate (48%K,0) at the rate of 50 kg/fed were added during the field
preparation. Harvesting was carried out on May 7" and 12" in the two
successive seasons. The soil physical and chemical properties of the
experimental plots were determined according to Klute (1986) and Page et al.
(1982) and presented in Table (1). The monthly averages of climatic factors
for Fayoum Governorate during the two growing seasons are shown in Table
(2). Application of irrigation regime treatments started from the second
irrigation. The soil moisture constants of the experimental field (mean of the
two seasons) are listed in Table (3). Whereas dates of irrigation and irrigation
intervals for different treatments in 2007/2008 and 2008/2009 seasons are
recorded in Table (4). The soil moisture values were determined
gravimetrically on oven dry basis, as the technique of Water Requirements and
Field Irrigation Dept., A.R.C., Egypt for different layers, each of 15.0 cm from
soil surface and down to 60 cm depth. At harvesting time the following data
were recorded for each sub-plot.

I. Yield and yield component:
Ten guarded plants were randomly chosen from the middle ridge of each
sub-plot to determine the following data:
1- Root length (cm) 2- Root diameter (cm) 3- Root weight (kg).
4- Fresh root yield/fed.: determined from root yield of the whole sub- plot.

II. Crop quality.
1. Sucrose percentage: was determined by Sucrometer and using lead acetate
according to the methods of A.O.A.C. (1965).
2. Total soluble salts (T.S.S): was determined by the Refractometer.
3. Juice purity percentage: was calculated as follows:
Juice purity%= {(Sucrose %) + (T.S.S) x 100}.

4. Sugar yield (t/fed): was calculated from the sucrose percentage and the fresh
root yield of the same treatment.

All the measurements and data collected were subjected to the statistical
analysis according to the methods described by Snedecor and Cochran
(1980).
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III. Crop water relations:
1. Seasonal consumptive use (ETc)

For obtaining the crop water consumptive use (ETc), soil samples were
taken just before and 48 hours after each irrigation, as well as at harvesting
time. The crop water consumptive use between each two successive irrigations
was calculated according to the following equation (Israelsen and Hansen,
1962).

Cu (ETc) ={(Q2-Qy) / 100} x Bd xD
Where: Cu = crop water consumptive use (cm)
Q2= soil moisture percentage 48 hours after irrigation.
Q1= soil moisture just before |rr|gat|on
Bd = soil bulk density (gm/cm®).

= soil layer depth (cm).
2. Daily ETc rate (mm/day).

Calculated from the ET¢ between each two successive irrigations divided

by the number of days.
3. Reference evapotranspiration (ETy)

Estimated as a monthly rate (mm/day), using the monthly averages of
climatic factors of Fayoum Governorate and the procedures of the FAO-
Penman Monteith equation (Allen et al. 1998)

4. Crop Coefficient (K¢).
The crop coefficient was calculated as follows:

KC = ETC / ET()
Where: ETc = Actual crop evapotranspiration and ET, = Reference
evapotranspiration.
5. Water use efficiency (WUE).

The water use efficiency as kg roots/ m® water consumed was calculated for
different treatments as the method described by Vites(1965):

WUE = {root vyield (kg/fed.) / Seasonal crop consumptive use

"Cu"(m®/fed.)}

Table (1). Some physical and chemical properties of the experimental
field during 2007/2008 and 2008/2009 seasons (average of
two seasons).

Physical properties
Sand Silt% | Clay Texture classes Organic CaCo3%
% % matter%o
38.0 21.2 | 40.7 Clay loam 1.7 52
Chemical analysis
pH | CEC Exchangeable
Soluble cations | Soluble anions meg/1L | EC | 1:25 | Meqg/ Cations
meq/1L dS/m |Extract| 100 gm| Meq/100 gm soil
soil
Ca™| Mg*| Na® | K" | CI" |[HCO4|CO5 | SO,~ Ca™ [Mg™| K' |Na+
8.18| 7.69 (24.67|0.33|20.73 | 3.06 _ |17.08| 4.00 8.12 31.83 [16.29(10.29| 1.2 |4.05
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Table (2). The monthly averages of climatic factors for Fayoum Governorate
during 2007/2008 and 2008/2009 seasons.

Temperature C’ Relative | Wind speed Pan
Month Max. | Min. | Mean | humidity (m/sec) evaporation
(%) (mm/day)
November | 2007 | 26.7 | 12.8 19.8 54 1.49 2.7
2008 | 26.6 | 13.1 19.9 52 1.50 2.6
December | 2007 | 21.3 8.2 14.8 58 1.03 1.6
2008 | 22.2 9.1 15.6 54 1.03 1.6
January 2008 | 17.7 5.7 11.7 59 1.18 1.5
2009 | 20.7 6.7 13.7 53 1.17 1.7
February 2008 | 20.0 | 6.5 13.2 57 1.66 2.3
2009 | 22.3 6.4 14.4 48 1.65 2.9
March 2008 | 28.6 | 11.6 20.1 52 2.11 3.8
2009 | 23.2 7.9 15.5 49 2.11 3.3
April 2008 | 31.6 | 13.7 22.6 49 2.42 5.6
2009 | 30.8 | 125 21.6 46 2.43 5.5
May 2008 | 354 | 18.2 26.8 47 2.78 7.0
2009 | 32.8 | 16.7 24.8 46 2.77 6.9

Table (3). The average values of soil moisture constants for the experimental
field during 2007/2008 and 2008/2009 seasons (average of the two

seasons).
Soil Field Wilting Bulk density Available
depth(cm) | capacity (%) | point (%) (g/cm®) moisture (%)
0-15 42.46 21.06 1.41 21.4
15-30 40.73 19.81 1.43 20.92
30-45 38.12 18.55 1.31 19.57
45-60 33.55 17.32 1.39 16.23

RESULTS AND DISCUTION
I. Yield and yield components
The results presented in Table (5) reveal that the average values of
sugar beet yield and yield components (root length, root diameter and root
weight) were significantly affected by ridge width treatments in both seasons.
Planting sugar beet on bed of 120 cm width caused significant reductions in
root length, root diameter, root weight and fresh root yield/fed by9.4, 6.9, 12.6
and 7.13%, respectively, in 2007/2008 season and by 14.9, 2.8, 15.1 and 6.3%,
respectively, in 2008/2009 season. These results may be referred to the
inadequate wetting of the lower parts under wide ridges (beds) for some days
after irrigation; which in turn reduced growth of roots. These results are in the
same trend of those reported by Salib et al. (1998) and Ashry et al. (2008).
Regarding the effect of irrigation regime treatments, the data recorded in
Table (5) show that irrigation regime treatments significantly affected the
studied sugar beet yield/fed and yield components in both seasons. Increasing
the available soil moisture depletion (ASMD) from 30 to 45% significantly
decreased root diameter, root weight and fresh root yield/fed in the 1 season
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by 7.5, 15.0 and 5.6%, respectively, and in the2" season by 9.0, 13.7 and
6.6%, respectively. However, the root length was significantly increased by
54 and 5.7% in 2007/2008 and 2008/2009 seasons, respectively. More
increase in the ASMD, i.e. from 30 to 75% caused remarkable reductions in
root diameter, root weight and fresh root yield/fed in 2007/2008 season by
28.1, 44.2 and 33.9%, respectively, and in 2008/2009 season by 30.1, 54.0%
and 37.04%, respectively. On the other hand, the root length was significantly
increased by 18.6% and 20.0% in the two successive seasons when the ASMD
increased from 30% to 75%.

It could be concluded that increasing ASMD in the root zone of sugar
beet plants caused significant reductions in fresh yield/fed and vyield
components except root length. These results may be due to the effect of soil
moisture stress on reducing water and nutrients absorption and this in turn
reduced photosynthesis, cell division and dry matter accumulation in storage
organs. However, whereas drought may encourage the primary root to go
down elongation searching about moisture in far depths. Such findings are in
agreement with those reported by Prasad et al. (1985), Khafagi and El-
Lawendy (1997) and Ashry et al. (2007).

Table (5): Effect of ridge width, irrigation regimes and their interaction on sugar
beet root yield and components in 2007/2008 and 2008/2009 seasons.

Treatments 2007/2008 2008/2009

Ridge | Irrigation Root Root Root | Fresh | Root Root Root Fresh
width | Regimes | Length | Diameter | weight | root | Length | Diameter | Weight | root
(ASMD) (cm) (cm) (ka) Yield (cm) (cm) (kg) Yield
(t/fed) (t/fed)

1, :30% 21.3 16.8 246 |19.78 | 22.7 17.3 2.73 20.56
(Ry) I, :45% 22.8 15.2 2.00 |18.14 | 239 15.2 2.35 19.01
60cm | 13:60% 24.6 13.9 153 | 1489 | 254 14.1 1.68 15.63
1,:75% 25.2 11.8 1.34 | 1338 | 27.6 11.1 1.21 12.85

Mean 235 14.4 1.83 | 16,55 | 24.9 14.4 1.99 17.01

(Ry) I, : 30% 19.4 15.2 207 |18.13| 19.2 15.8 2.23 19.02
120 I,:45% 20.2 144 1.84 |17.66 | 20.6 15.0 1.94 17.94
cm I3: 60% 225 12.8 132 | 1401 | 220 13.1 1.52 14.73
l,:75% 23.1 111 1.17 | 1168 | 229 12.0 1.06 12.06

Mean 21.3 13.4 1.60 | 1537 | 21.2 14.0 1.69 15.94
Means of irrigation
Mean I, 20.4 16.0 2.26 | 1896 | 21.0 16.6 2.48 19.79
Mean I, 215 14.8 192 | 1790 | 22.2 15.1 2.14 18.48
Mean I3 23.6 13.4 142 | 14.45| 237 13.6 1.60 15.18
Mean I, 24.2 115 1.26 | 1253 | 25.2 11.6 1.14 12.46

L.S.D.:0.05 0.99 0.84 0.07 | 011 | 047 0.65 0.06 0.07
Ridge width (R)

Irrigation 0.27 0.22 0.03 | 0.04 | 0.33 0.17 0.03 0.04
regimes(l)
(R)x () 0.28 0.23 0.03 | 0.04 | 034 0.17 0.04 0.05

The data listed in Table (5) indicate that the interaction between ridge
width and irrigation regime treatments had significant effects on fresh root
yield/fed and yield components in both seasons of this study. The highest
averages of root diameter, root weight and fresh root yield/fed (19.78 and
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20.56 t/fed) were detected from planting on normal ridges of (60 cm width)
and irrigation at 30% ASMD in the two seasons. However, planting on beds
(wide ridges of 120 cm width) and irrigation at 75% ASMD gave the lowest
averages of root diameter, root weight and fresh root yield/fed (11.68 and
12.06 t/fed) in both seasons. The highest averages of root length were resulted
from planting on normal ridges (60 cm) and irrigation at 75% ASMD, whereas
the lowest ones were obtained from irrigation at 30% ASMD and (120 cm)
beds planting. These results were found to be true in the two seasons.

IL. Yield quality
The results recorded in Table (6) indicate that planting sugar beet on
ridges of 60 cm width (R;) significantly reduced the sucrose percentage, total
soluble solids % (T.S.S) and juice purity%, compared to planting on wide
ridges of 120 cm width (Ry) in both seasons. On the other hand, sugar yield of
Ri treatment overyielded those of R, treatment by 5.12% and 5.63% in
2007/2008 and 2008/2009 seasons, respectively. These results may be due to
that the fresh root yield/fed, detected from R; treatment were higher than those
of R, treatment by 7.68% and 6.71% in the two successive seasons, whereas
the sucrose percentage reduced by 0.22% and 0.23% only in the two seasons.

The data listed in Table (6) show that the average values of yield quality
parameters, i.e. sucrose%, T.S.S%, juice purity% and sugar yield/fed were
significantly varied due to irrigation regime treatments in both seasons.
Increasing the ASMD from 30% to45% or 60% or 75% led to significant
decreases in sucrose, juice purity percentages and sugar yield/fed, whereas the
T.S.S% increased in both seasons. The sugar yield, obtained from irrigation at
30% ASMD overyielded those detected from irrigation at 45, 60 and 75%
ASMD in 2007/2008 season by 7.16%, 38.71% and 66.18%, respectively, and
in 2008/2009 season by 10.24%, 39.69% and 74.28%, respectively. These
obtained results may be attributed to the effect of soil moisture stress on
decreasing growth attributes, fresh root vyield/fed, and carbohydrate
concentration in roots. These results are in harmony with those reported by
Khafagi and El-Lawendy (1997), El-Askari et al.(2003) and Ashry et al.
(2007).

The obtained results in Table (6) reveal that the averages of yield quality
parameters were significantly affected by the interaction between ridge width
and irrigation regime treatments in both seasons. Planting on wide ridges of
120 cm (beds) and irrigation at 30% ASMD gave the highest sucrose % and
T.S.S. % in the two seasons. However, the highest sugar yield, i.e. 3.58 and
3.80 t/fed in 2007/2008 and 2008/2009 seasons, respectively, were detected
from planting on ridges of 60 cm width and irrigation at 30% ASMD. The
lowest sucrose percentages, i.e. 16.31% and 16.74% in the two successive
seasons, respectively, were obtained from 60 cm ridge width and irrigation at
75% ASMD. Planting on wide ridges (beds) and irrigation at 75% ASMD
gave the lowest sugar yield/fed, i.e. 1.96 and 2.04 t/fed in 2007/2008 and
2008/2009 seasons, respectively.

Fayoum J. Agric. Res. & Dev., Vol.24, No.1, January, 2010



IRRIGATION WATER MANAGEMENT FOR SUGAR BEET CROP... 22

Table (6). Effect of ridge width, irrigation regimes and their interaction
on the averages of sugar beet yield quality in 2007/2008 and

2008/2009 seasons.
Treatments 2007/2008 2008/2009
Ridge Irrigation | Sucrose | T.S.S. Juice Sugar | Sucrose | T.S.S. | Juice |Sugar
width Regimes (%) (%) Purity Yield (%) (%) Purity | Yield
(ASMD) (%) (t/fed) (%) | (t/fed)

1,:30% |18.12 |20.53 |88.26 3.58 18.47 |20.45 |90.32 |3.80
1,:45% |17.84 |20.87 |85.48 3.24 1791 |20.97 |8541 |3.40
(R1) 15:60% |16.70 |21.03 |79.41 2.49 17.00 |21.00 |80.95 |2.66
60cm 1,:75% |16.31 |2157 |75.61 2.18 16.74 2132 |78.52 [2.15

Mean 17.24 121.00 |82.19 2.87 1753 |20.94 |83.80 [3.00

1,:30% |18.26 0.81 87.75 3.31 1855 |20.93 |88.63 |3.53

(R2) I,:45% |18.00 |21.15 |85.10 3.18 18.09 |21.07 |85.86 (3.24
120cm |1;:60% |17.63 |21.47 |82.11 2.47 17.47 |21.55 |81.07 |2.57
I,: 75% |16.75 [21.93 |76.38 1.96 1691 |21.86 |77.36 |[2.04

Mean 1766 |21.34 |82.84 2.73 1776 |21.35 |83.22 |[2.84
Means of irrigation
Mean I, 18.19 |20.67 |88.00 3.44 18,51 |20.69 |89.48 |3.66
Mean I, 17.92 |21.01 |85.29 3.21 18.00 |21.02 |85.64 |3.32
Mean I; 17.16 |21.25 |80.67 2.48 1724 |21.27 |81.01 |2.62
Mean I, 16.53 |21.75 |76.00 2.07 16.82 (2159 |77.94 (210
L.S.D.:0.05

Ridge width (R) 0.09 0.09 3.93 0.07 0.06 0.1 3.46 |0.09
Irrigation regimes (I) | 0.03 0.06 1.38 0.02 0.04 0.06 231 |0.02
(R)x (D) 0.03 0.06 1.45 0.03 0.04 0.06 2.42 10.02

II1. Crop water relations
1. Seasonal consumptive use (ET¢)

The results presented in Table (7) show that seasonal consumptive use
values of sugar beet, as a function of ridge width and irrigation regime
treatments were 52.80 and 54.38 cm in 2007/2008 and 2008/2009 seasons,
respectively. Planting sugar beet on ridges of 120 cm width (beds) decreased
seasonal ET¢ by 7.0 and 8.71% in the two successive seasons, when
compared with planting on ridges of 60 cm width. These obtained results may
be referred to that the bottoms between wide ridges (beds) will be half those
between normal ridges (60 cm width) and this in turn reduced water runoff,
evaporation and inadequate wetting of the lower parts of the field, which may
also reduced plant transpiration. These results are in the same trend with those
reported by Musick and Dusek(1982), Musick et al.(1985), Salib et
al.(1998) and Ashry et al.(2008).

Data listed in Table (7) indicated that the highest seasonal ET¢ values,
i.e. 56.61 and 58.08 cm in 2007/2008 and 2008/2009 seasons, respectively,
were detected from irrigation at 30% ASMD. However, irrigation at
75%ASMD gave the lowest ET¢ values, i.e. 48.72 and 50.49 cm in the two
successive seasons. It is evident that increasing the ASMD in the root zone of
sugar beet from 30 to 45, 60 and 75% caused reductions in ET¢ by 3.78, 9.22
and 13.94% in 2007/2008 season, respectively, and by 4.20, 8.25 and 13.07%
in 2008/2009 season, respectively. It could be concluded that increasing
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ASMD in sugar beet root zone decreased seasonal ET¢. These results are in
accordance with those reported by Doorenbos et al. (1979), Semaika et
al.(1988), lIbrahim(1990), Massoud and Shalaby(1998), EI-Shouny et
al.(2003) and Ashry et al.(2007)

Results of Table (7) reveal that the highest ET¢ values, i.e. 58.86 and
60.26 cm in 2007/2008 and 2008/2009 seasons, respectively, were resulted
from planting on ridges of 60 cm width and irrigation at 30% ASMD.
However, planting on wide ridges (beds) of 120 cm width and irrigation at
75% ASMD gave the lowest seasonal ET¢ values, i.e. 46.82 and 47.73 cm in
2007/2008 and 2008/2009 seasons, respectively.

2. Daily ET¢ rate (mm/day)

The data recorded in Table (7) generally indicate that the daily ET¢ rates
as a mean of different treatments, tested (over all mean) were started with low
values during November (1.55 and 1.88 mm/day) and December (1.54 and
1.76 mm/day) in the two successive seasons, then increased during January
(2.10 and 2.19 mm/day) and February (3.50 and 3.37 mm/day). The daily ET¢
rates reached its maximum values during March (4.28 and 4.12 mm/day in
2007/2008 and 2008/2009 seasons, respectively), then declined again during
April to reach its low values (3.62 and 3.80 mm/day) during May (harvesting)
in the two successive seasons. Such findings may be due to that at the initial
growth period and seedling stages, most of water losses are caused by
evaporation from bare soil during Nov. and Dec.. Thereafter, as the crop cover
increased, transpiration will took place beside evaporation (Jan. and Feb.) and
the peak of ET¢ occurred during the rapid increase in root size and storage
stage (March and Apr.). During May most of plant leaves dried and ET¢ rate
decreased until harvesting.

The results of Table (7) show that planting on wide ridges of 120 cm
width (beds) led to decreases in daily ET¢ rates throughout the growing season
months from Dec. to May in both seasons, than the values of ET¢ rates
resulted from planting on ridges of 60 cm width.

The presented data in Table (7) reveal that irrigating sugar beet at 30%
ASMD (frequent irrigations) gave the highest daily ET¢ rates during all the
growing season months in the two seasons. However, irrigation at 75% ASMD
gave the lowest values of daily ET¢ rates from Dec. until May in both seasons.
It is obvious that increasing ASMD in the root zone of sugar beet during the
growing season decreased the daily ET¢ rate, especially during vegetative and
storage periods.

3. Reference evapotranspiration rate (ETy)

The reference ET or ET daily rates (mm/day) during sugar beet growing
season duration from Nov. to May in both seasons were estimated using the
FAO Penman-Monteith equation and the meteorological data of Fayoum area
and recorded in Table (8). The obtained results show that the daily ETy rate
values were high during Nov., then decreased during Dec. and January
months. Thereafter, the daily ET, values started to increas from Feb. and up to
May. These results are mainly attributed to the changes in climatic factors
from month to the other.

4. Crop coefficient (Kc)

The K¢ values, as a function of ridge width and irrigation regime
treatments for the growing season duration months from November to May in
2007/2008 and 2008/2009 seasons are listed in Table (8). Results of Table (8)
reveal that the K¢ values for sugar beet, as affected by different treatments
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(over all mean) were low in the initial growth period (Nov. and Dec.), then
increased during Jan., and Feb., as the crop cover increased (vegetative growth
period). The K¢ values reached its maximum values during March, as the
maximum growth and storage in roots. Thereafter, the K¢ values redecreased
again when plants started maturity (April) to reach its minimum values during
harvesting (May). These results may refer to the large diffusive resistance of
bare soil at the initial growth period, which decreased with increasing plant
growth or crop cover percentage until reaching peak of growth and root
storage. However, but at maturity stage the plant transpiration decreased, as
the drying of most green leaves of the plants.

Data recorded in Table (8) indicate that increasing ridge width from 60 to
120 cm decreased the K¢ values during the months of the growing season
duration in both seasons. These results were found to be true, since the daily
ETc values of R, treatment were lower than those of R; treatment and the ETy
rate is a constant number during each month of season. On the other hand,
increasing the ASMD to 45, 60 or 75% caused reductions in the K¢ values in
all the months of the two growing seasons. Irrigation at 30% ASMD gave the
highest K¢ values during all months of the growing season duration, whereas
the lowest ones were recorded from irrigation at 75% ASMD in both seasons.
For high sugar beet fresh root yield and high sugar yield the K¢ values were;
0.55, 0.79, 0.95, 1.15, 1.21, 0.84 and 0.65 for Nov., Dec., Jan., Feb., Mar.,
Apr. and May, respectively (mean of the two seasons). These obtained results
are in the same order with those found by Doorenbos et al. (1979), Semaika
et al. (1988) and Ashry et al. (2007).

5. Water use efficiency (WUE).

The results presented in Table (9) show that the mean values of WUE,
as affected by ridge width and irrigation regime treatments were; 7.154 and
7.174 kg roots/m® water consumed in 2007/2008 and 2008/2009 seasons,
respectively. Data of Table (9) clearly show that the effect of ridge width
treatments on WUE values was different in 2007/2008 season than in
2008/2009 season. Planting on ridges of 60 cm Wldth gave the highest WUE
value in 2007/2008 season, i.e. 7.162 kg roots/m® water consumed, whereas in
2008/2009 season, plantlng on wide ridges of 120 cm width gave the highest
WUE value (7.264 kg root/m* water) consumed. These results may be referred
to that in 2007/2008 season, planting on wide ridges (120 cm) decreased yield
by 7.13%, however ETc decreased by 7.0 % only. In 2008/2009 season root
yield decreased by 6.3% and ET¢ decreased by 8.71%. These results are in the
same trend of those reported by Salib et al. (1998) and Ashry et al. (2008).

Data listed in Table (9) indicate that irrigating sugar beet crop at 30%
ASMD gave the highest WUE values, i.e. 7.972 and 8.112 kg roots/m* water
consumed in 2007/2008 and 2008/2009 seasons, respectlvely Irrigation at 45
or 60% ASMD decreased the WUE values in the 1% season by 1.77 and
16.02% and in the 2" season by 2.48 and 16.32%, respectively, as compared
with |rr|gat|on at 30% ASMD. The lowest WUE values, i.e. 6.116 and 5.881
kg root/m*® water consumed were detected from irrigation at 75% ASMD in
the two successive seasons. It could be noticed that WUE decreased as ASMD
increased over 45%. Such findings are in harmony with the results found by
Doorenbos et al. (1979), Ibrahim(1990), El-Askari et al. (2003) and Ashry
et al. (2007).
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Table (9). Effect of ridge width, irrigation regime treatments and their
interaction on WUE of sugar beet (kg roots/m3 water
consumed) in 2007/2008 and 2008/2009 seasons.

® 2007/2008 2008/2009
.'gg Irrigation regimes (ASMD Irrigation regimes (ASMD)

30% | 45% [ 60% | 75% | Mean | 30% | 45% | 60% | 75% | Mean

(Ry) 8.001 7.644 6.708 6.293 | 7.162 | 8.124 7.801 6.661 5.746 | 7.083
60 cm

(Ry) 7.942 8018 6.681 5940 | 7.145| 8.101 8.021 6.916 6.016 | 7.264
120 cm

Mean 7972 7.831 6.695 6.116 | 7.154 | 8.112 7911 6.788 5.881 | 7.174

REFERENCES

Allen, R.G; Pereiro, L.S; Raes, D. and Smith, M. (1998). Crop Evapotranspiration.
Guidelines for Computing Crop Water Requirements. FAO Irrig. And
Drainge pp.56, FAO, Rome.

A.O.A.C. (1965). Official Method of Analysis Association of Official Agricultural
Chemists. Washington D.C., 10" Ed.

Ashry, M.R.K.; Sameha A. Ouda.; Khalil, F.A.F. and Yousef, K.M.R. (2008).
Rationalization of irrigation water use for grain sorghum crop at Fayoum.
Egypt. J. of Appl. Sci., 23 (2B): 725-740.

Ashry, M.R.K.; Youssef, K.M.R. and Ghallab, K.H. (2007). Response of sugar
beet yield, quality and water relations to soil salinity and drought. J. Agric.
Sci., Mansoura Univ., 32(6): 5065-5081.

Doorenbos, J.; Kassam, A.H.; Bentvelson, C.L.M. and Van Der Wall, H.K.
(1979). Yield response to water. Irrigation and Drainage. Paper 33:150-154,
FAO, Rome, Italy.

El-Askari, K. Melaha, M.; Swelam, A. and Gharieb, A.A. (2003). Effect of
different irrigation water amounts on sugar beet yield and water use
efficiency in Eastern Delta. Drainage-for a secure — environment and food
supply. Proc. 9" ICID International Drainage Workshop. Utrecht,
Netherlands, 10-13 September, 2003; pp.136.

El-Shouny, M.A.; Taha, E.M.; Sherif, M.A. and Ewis, M.M. (2003). Response of
sugar beet to planting dates and water requirements in Middle Egypt. 1-
Consumptive use and water use efficiency. Egypt. J. of Soil. Sci.
43(3):329-345.

Ibrahim, A.A.M. (1990). Studies on Soil compaction in relation to some soil
characteristics and plant growth. Ph.D. Thesis Faculty of Agric., Fayoum,
Cairo Univ. Egypt.

Israelsen, O.W. and Hansen, V.E. (1962). Irrigation Principles and Practices. 3"
Edit., John Willy and Sons. Inc., New York.

Khafagi, O.U.A. and El-Lawendy, W.I. (1997). Effect of different irrigation
intervals on sugar beet growth, plant water relations and photosynthetic
pigments . Ann.of Agric. Sci. Moshtohor, 35(1): 305-3109.

Klute, A.(1986). Methods of Soil Analysis. Part-1: Physical and Mineralogical
Methods (2™ ed.) American Society of Agronomy, Madison, Wisconsin,
US.A.

Fayoum J. Agric. Res. & Dev., Vol.24, No.1, January, 2010




IRRIGATION WATER MANAGEMENT FOR SUGAR BEET CROP... 28

Massoud, M.M.; and Shalaby. E.M. (1998). Response of sugar beet (Beta vulgaris,
L) varieties to irrigation intervals in Upper Egypt. 11. Water consumption
and water use efficiency. Assiut J., of Agric. Sci., 29(5): 23-30.

Musick, J.T. and Dusek, D.A. (1982). Skip-row planting and irrigation of graded
furrows. Transactions of the American Soc. of Agric. Engin., 25(1): 82-87.

Musick J.T.; Pringle, F.B. and Johnson, P.N. (1985). Furrow compaction for
controlling excessive irrigation water intake. American Soc. of Agric.
Engin.28 (2): 502-506.

Page, A.L.; Miller, R.H. and Keeney, D.R. (1982). Methods of Soil Analysis. Part-
2 Chemical and Microbiological Properties. (2™ ed.). American Soc. of
Agron., Madison, Wisconsen, U.S.A.

Prasad, U.K.; Singh, Y.; and Sharma, K.C. (1985). Effect of soil moisture regimes
and nitrogen levels on the consumptive use, soil moisture extraction
pattern, water use efficiency, sucrose content and yield of sugar beet. Ind. J.
of Agron., 30(1): 15- 22.

Salib, A.Y.; Yousef, K.M.R. and El-Mrarsafawy, S.M. (1998). Sunflower yield and
water use efficiency in relation to nitrogen fertilizer rates and irrigation
method. Fayoum, J. Res.And Dev., 11(1): 155-1609.

Semaika, M.; Rady, H.A.; Anstey, T.H. and Shamir, U. (1988). Factors Affecting
Crop Coefficient When Calculating Crop Evapotranspiration. In Irrigation
and water allocation. IAHS Pub., (169):175-184.

Snedecor, G.W. and Cockran, W.G. (1980) Statistical Methods. (7" ed.) lowa
State Univ.lowa,U.S.A.

Tawadros, HW. and Abd El-Aziz, M.E. (1992). Rationalization of irrigation water
in the NileValley and Delta and its economic effect. Water Resources in
Egypt and Growth in the twenty-first century. 10" conf., Egypt 2000, Giza,
Egypt, Dec., 1992.

Vites, F.G. (1965). Increasing water use efficiency by soil management in plant
environment and efficient water use. J. American Soc. Agron., 26: 537-546.

Aadl jady Jganal 50 ol Blal

uiuxdeéﬂ,,\AduS—ﬁMﬁ!u&'\éeJS\ﬂW—G\Jédm@g)c\ﬂ
e —3m —Aae) Ol Gl 38 5e - Al g obaall 5 pdal HYT S ga dgaa
i 34 IR oyl Alilae — apallay e 31 gl Aaney (Ul (5 5 Caed
'Ry Lea s il (el cpilelas o Jelal) Halidul ol Yo e d/Y e v A ¢ Yoo A/Y oY del )3l
a VYo G sl e del 3l Ry caals i) Glo aw T e sk e del )
G 1 Ip s B el dpua V) A ol ) (il DBlelae Al e (Gl e g 35 abalias)
‘;J:_Mumw“%voxiém;h‘%'\.;‘ééq_u:;|3‘%zeq§§m;|2‘%v~qiém-.
_Q\‘)‘)S.qa.v_}‘)\‘;'éda\}ﬁf
D Wle Juaniall ilidll aaY adla Ll Ladg
BJG}‘Z\.}M‘ J‘ﬂ\mc‘)&s\&m"u‘ﬂ‘)}&‘dw‘j‘)g\ Q_}J}‘)MJJJL‘)SE =)
« Cyvans sall
écdj‘a;ﬂ)u.\d\;u\w%v~ mmd)l\}eu'h uaﬁ.k#écm\)‘)“&_\d‘ =Y
d)éu\u/u.b\‘~ o1 ¢ V4 V/\)JJJAJ\J).;AMcJJAJ\UJJJJ_EﬂuL{’MHs\
Qe )l e cldas slall J8) chats \.A.m(g_m).d\ejs Yu‘\/\‘u/\‘\‘u/\/\‘u\fwy

Fayoum J. Agric. Res. & Dev., Vol.24, No.1, January, 2010



Farrag, F.R.M; et al.

iadl Ok 313 ek e pall S 8 sl oLl (30 % V0 58 e (5,5 bl e
DS (3 %YO T (ra b el iy sk il (i 83l 3y Loyl (i se ilalae aad Ly e
owyd\

e naiall (pasall 8 %)M 00 ¢ VAYT 4 Suii el e Jgaanll o3
et el o) ol g % ¥ mmtfj\,(gk@)wﬁk#gcmbﬂ
(il e Yo e/ oA Y AT Y s T A ¥ 0A) S Jsana
Cpaisall (3o 08 TA OF A ga bl aaes (g Jelaill Slal) ey dau gie oIS
amisn b o T YT AT 5 a5 g e Dl ol mi Laiy Gudlaiall
L..SJJ‘}?'“’W. &ﬂk#&%\)}\w#ﬂ\&cY~~Q/Y~~/\c\’~~/\/\’~~\’
Ll (e %Yo 3 i (5 5 Ay je cablian e Gl )3 ) bl (ge YT e 88 ic
Opamasall B ans £V YT CETAY a5 o gall el Dl SU a8 J3 e sl
%o AV < V.e iy s I 95 o bl gl el o iy il
) ) Opanesall IS 5 cllginall Ll (g
‘;;43\‘;\JAA}})J\).\S‘fbdhm\}ﬁweﬁ;wﬂ\@u\dl@u\ﬁ\dm \A.a
d}m;.d\t_u\.a(uﬁ_)wj j.al_nc@}\d)&g}\bfuahu‘ﬁ\ijbe;w)ud)aw
e YR AV Y)Y Y v v AY (e Y (v 00 E;\LAS).\LA‘;;;))MQ}JUA}A.\S\ )@.m\d)\;
(a5l T i) sl e+ 0

GAJM‘MJAS‘GLALJA%ZOMMGJ‘}(MLLAA)MJLL}L;&G%‘JJ‘

e/J}JA(aAS/\ YY) A ~\A)wf@udlyu\b;usécd)m;ﬂu)ﬂu\u~u|

_(g__\._.u).ﬂ\ggc\'~~q/\'~~/\eY~~/\/Y~~V€Jg_u.m

Fayoum J. Agric. Res. & Dev., Vol.24, No.1, January, 2010

29



