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A field trial was conducted during the two consecutive growing seasons of 2016/17 and 2017/18 at Sakha Agricultural Research
Station Farm, Kafi EI-Sheikh Governorate. The aim of this current study was to evaluate the effect of four irrigations treatments; cut-off
at 100 (I,, traditional practice), 90%(1,), 80% (I5) and 70% (I,) from furrow length and five fertilization treatments; F1 (90 Kg N Fed.™),
F2 (67.5 kg N+3 ton compost fed.™"), F3 (45 kg N+5 ton compost fed. ™), F4 (22.5 Kg N+7 ton compost fed ") and F5 (10 ton compost
fed.") (ha =2.4 fed) on some water parameters, some soil properties and yield of sugar beet. The experiments were designed as spilt plot
with three replications. The main plots were occupied by cut-off irrigation, while subplots were devoted to fertilization rates. The main
results can be summarized as follows: The highest values of applied water (3678 and 3562 m® fed™"); water consumptive use (2381 and
2210 m® fed) and water stored (2525 and 2456 m® fed™') were recorded under I, (local farmers practice) in the 1% and 2" seasons,
respectively. On the other hand, the lowest values of applied water (3168 and 3094 m® fed.); water consumptive use (2218 and 2062 m’
fed™) and water stored (2325 and 2335 m® fed') were recorded with I, in the 1% and 2™ seasons, respectively. The highest values of
water saving was recorded under I, as average of the two growing seasons (12.14 cm and 11.14 cm, respectively) which saved about
100#10% m® water in sugar beet fields at the national level (200%*10° fed) comparing with check treatment (I;). The highest values of
irrigation application and consumptive use efficiencies in both seasons were achieved under irrigation treatment I, but the lowest values
were recorded under irrigation treatment I; in the two studied seasons. Concerning to water productivity (WP) and productivity of
irrigation water (PIW), the highest values of WP (14.09 and 16.74 Kg m™) and PIW (9.70 and 11.61 kgm™) were recorded under I; in
the first and second seasons, respectively. On the other hand, the lowest values of WP (12.16 and 14.99 kgm™) and IPW (7.88 and 9.30
Kgm™) were recorded with I, in both seasons, respectively. Concerning to the role of fertilization in WP and PIW, F, treatment achieved
the highest values of WP (14.38 and 17.38 kg m™) and PIW (9.99 and 11.23 kg m™), while F4 treatment gave the lowest values of both
parameters in both seasons, respectively The soil ECe, SAR and ESP as mean values of both seasons were affected by irrigation cut-off
and fertilization treatments. The highest reduction of ECe, SAR and ESP was induced by Fs under I;, while the lowest reduction was
recorded with F; and I,. The highest root yields (18.78 and 20.61 ton fed™) were achieved with L;, while F5 was the best fertilization
treatment (15.76 and 18.13 ton root fed.™) in both seasons, respectively. So, the highest significant effects of cut- off and fertilization
treatments on sugar beet root, shoot and sugar yields in both growing seasons were achieved with I3 and Fs. Also, there were high
significant effects on such parameters due to the interactions between different treatments.
Keywords: Sugar beet, cut-off irrigation, water productivity, fertilizer, compost

INTRODUCTION In addition to its positive effect on crop yield, the
application of organic manures improves the soil physical

and chemical properties. Farmyard manures have positive
effects on the soil characteristics (Suja and Sreekumar,
2014), since bulk density was decreased, while organic
. carbon content and water holding capacity were increased
and compost have to be used, because they contain most of (Lentz and Lehrsch, 2014). But according to Abu-Zahra

macrol and dmicronultiietllts. I\Lutiient(si in (gganipl n;alllnures and Tahboub (2008), organic matter had no significant
are released more slowly and stored in the soil (Sharma effect on pH and EC, while it increased the available

and Mittra, 1991) thus leading to higher crop yield (Abou phosphorous and organic matter content in the soil. Also,

El-Magd, et al 2005). T.h erefore, the mature composts are (Valarini, et al 2009) showed that application of compost
bfetter than fresh and immature composts due to their increased soil pH, and water stable aggregates. In addition,
higher level of §table carbon. . farmyard manure at the rate of 30 ton ha™, decreased the

Javaheri et al (200_?).found that apphcatiori of 20 soil bulk density from 1.46 to 1.38 g cm™ and increased its
tons farmyard manure ha” increased the sugar yield by organic carbon content from 0.81 to 0.94% (Talenghani et

10%. Maﬁ“}"‘.‘d et ""c’i %014) f"“.“fdthaga‘.ddmg 055, o 1"2006). Loper, et al, (2010) found that bulk density and
compost ha - increased the root yield and improved juice pH were significantly reduced, organic matter and

?;zlg%/ 3%ft§)li1glai:f}1)Eifiirizszgigéogig?:;iZ?;%?;zlirfoit lilf electrical conductivity were 1ncieased, piant growth' was
(Talenghani et al., 2006). Also, with drip irrigation system F:nhai'iced and N and P contents " plant tigsue were higher
application of 12 ’ton compost, ha'! improved root yield 0% in soils treated by compost. Also, in the 'soﬂs treated by the
sugar-beet (Masti e al, 2015), while with sprinkler compost, the bulk fiei151ty, .macr.o—porosr[y and water-filled

° ’ pore space were within their optimum ranges (Carter, et al,

irrigation, applying 12.5 ton compost ha™ increased root 2004), aggregate stability was increased (Diacono and
weight and root yield of sugar beet. On the other hand, Montemurro, 2010) and organic carbon was increased
Mohamed, et al., (2018) showed that the interaction (Adugna 201 6)

between fertilization by 216 or 288 kg N ha' and
application of 12 ton ha’ compost without water stress

ABSTRACT

Sugar beet is an important crop for sugar
production and also, considers one of the most important
cash crop in Egypt. Because of high cost of chemical
fertilizers, the organic fertilizers such as farmyard manure

Nitrogen is the most important element for sugar
. . beet and its production was decreased to half due to decline
produced the maximum root and sugar ylelds. (Wallace of N in soil (Cooke and Scott, 1993). Also, N fertilization
and Carter, 2007) showed that the using of compost can improve leaf area, photosynthetic rate and crop

increa§es soil fertility and therefore, increased sugar beet productivity (Cai and Ge, 2004). On the other hand, the N
root yield by 7%.
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whether from inorganic or organic sources is applied to
grow sugar beet profitably, where N content in the compost
can satisfy its requirements without decrease in sucrose
yield (Lehrsch, er al, 2015 a). In addition, N uptake of
sugar beet was similar whether fertilized with urea or
organic N (Lehrsch, et al, 2015 b). Consequently, not
applying manure or reducing the inorganic N fertilizer rate
for manure-treated soils are being recommended
(Blumenthal, 2001).

The effective N management is essential for the
profitable production of sugar beet (Hergert, 2010) and N
management is closely linked with soil water relationships
(Coyne 2008). Mohamed, et al, (2018) showed that
decreasing nitrogen from 100% to 75% of the
recommended rate significantly decreased root and sugar
yields, but increased sucrose %. On the other hand, El-
Hassanin et al, (2016) found that decreasing N application
from 225 kg to 108 kg/ha significantly decreased sucrose
% and yield of sugar beet. Masri ef al. (2015) reported that
increasing nitrogen rate from 150 up to 300 kg N ha’
significantly increased the sugar beet yield. Also,
increasing N rate up to 300 kg N ha’ significantly
increased leaf area index, individual root weight, root
number and root yield, while excessive N application
lowered beet quality (Masri et al, 2015). In the contrast,
(Mustafa, 2007) found that nitrogen and phosphorus had
no significant effect on leaf number, leaf area index, shoots
and root weight, sugar content % and root contents from N,
P, K and Na.

Finally, the long term applications of compost
improve plant growth by steadily supplying the
mineralized N (Diacono and Montemurro, 2010). Thus,
replacing expensive inorganic N with less expensive
organic N fertilizer may be benefit for sugar beet producer
(Lentz and Lehrsch, 2012).

Cut-off irrigation is considered as the most practical
ways to save water in surface irrigation particularly in
heavy textured soils. This procedure reduces amounts of
tail end drainage water, while the advancement movement
of the accumulated water after cut-off is used to irrigate the
un-irrigated area. Several investigations were conducted to
evaluate the optimum length of irrigation run at which
achieves the highest yield and proper water efficiency. For
instance, Ibrahim and Emara (2009) reported that irrigation
cut off at 90% of furrow length achieved the highest sugar
beet yield and save about 300 m’fed.” comparing to that
with 80% or 100%. Also, Kassab and Ibrahim, (2007)
found that the seasonal water applied with different cut off
can be arranged as the following descending order: 100%>
95%> 90%> 85%> 80%. This trend may be attributed to
that deep percolation and runoff losses were less with the
cut-off method compared to the conventional method
(Mostafazadeh and Farzamnia, 2000).

The withholding of irrigation at specific times
before crop harvesting is another way to save water. The
increase of irrigation cutoff date from 10 to 40 days before
sugar beet harvest reduced its root yield but increased total
and white sugar content and can increase the irrigation
efficiency (Sohrabi and Heidari, 2008). Also, 4 to 6 inches
of irrigation water applied to sugar beet can be saved by
cutting off irrigation 6 to 7 weeks before harvesting
Kaffka, et al (1998). On the other hand, when irrigation
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was cut off in mid-August, sugar yield declined 7%
comparing to the full season irrigation (Yonts, ef al., 2003).
For fodder beet, the lowest roots or tops yields were
obtained by withholding the 2nd irrigation followed by
withholding the 4th irrigation compare to the full irrigation
(Hussein and Siam, 2012). On the other side, Mirzaei and
Rezvani, (2007) found that irrigation cutoff at the end of
sugar beet growth reduced sugar content and white sugar
yield. Saffarian et al, (2006) showed that early irrigation
cutoff at harvest increased the sugar content.

The production and water use efficiency of sugar
beet are affected by deficit irrigation or water stress.
Therefore, deficit irrigation is one of the ways to maximize
water use efficiency (Kirda ,2002), but it significantly
decreased root, shoot and sugar yields comparing to full
irrigation, while sugar % was not affected (Mehrandish, et
al, 2012). In addition, sugar production with water deficit
at 40% water holding capacity was less than that at 60%
(Mubarak, ef al 2016). Also, the water stress increasing up
to 50% of water requirement significantly decreased root
and sugar yields, while it increased sucrose content
(Mohamed, et al, 2018).

The objective of the present study is to evaluate the
role of fertilization (compost combined with N) as well as
length of irrigation run (cut-off irrigation practice) on water
saving and sugar beet yield.

MATERIALS AND METHODS

A field trial was conducted at Sakha Agricultural
Research Station, Kafr El-Sheikh Governorate, Egypt
during two consecutive winter seasons (2016/17 and
2017/18). The site lies at 134 Km north Cairo and has an
elevation of about 6 meters above mean sea level with
coordinates of 18 31 17.6 latitude and 48 30 20.9
longitude. The objective was to study the effect of four
irrigation treatments; cut-off at100% (control, like local
farmers practice in the study area), 90%, 80% and 70% of
furrow length and five fertilization rates (F,: 90 kg Nfed,
F2 67.5 kg N fed'+ 3 ton compost fed”, F3: 45kg N fed™ +
5 ton compost fed”, F4: 22.5 kg N fed! + 7 ton compost
fed! and F5: 10 ton compost fed') on some water
relations, some soil properties and yield of sugar beet crop.

The experiment was conducted in a split plot
design, with three replications. The plot area was 1500 m’
(15%100 m) for irrigation treatments, while it was 300 m’
(15 m x 20 m®) for fertilization treatments. The main plots
were assigned to cut-off irrigation, while the sub-plots
were devoted to fertilization rates as shown in Table (1).

Table 1. The experimental treatments
Irrigation cut-off treatments

I Cut-off at 100 % of furrow length (control)

I, Cut-off at 90 % of furrow length

I Cut-off at 80 % of furrow length

I, Cut-off at 70 % of furrow length
Fertilization treatments

F, 90 kg N fed™

F, 67.5kg N fed” + 3 ton compost fed.”

F; 45kg N fed™ + 5 ton compost fed.”

F, 22.5 kg N fed” + 7 ton compost fed.™

Fs 10 ton compost fed.”
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Sugar beet (Beta Vulgaris) was sown on October
5™ 2016 and harvested on May, 15 2017 in the 1%
season, while in the 2™ season the sowing date was on
October, 10™, 2017 and harvesting was on May 10™, 2018.
The N was applied as urea form (46.5% N). The other
cultural practices for sugar beet were performed as

recommended in this region. The following data were
recorded: yield (ton fed') and sucrose (%). The
agrometeorological data during the two growing seasons
were obtained from Sakha Station as presented in Table

@.

Tale 2. Some meteorological data of Kafr El-Sheikh area during the two growing seasons .

Months Temperature, C° Relative humidity %  Wind velocity Pan—evaporzlltion Rain
Max Mini Mean Max  Mini Meatn (km/24 h) (cm day) (mm /month)
1™ season
Oct.,2016 29.8 217 258 824 553 68.8 92.2 0.357 —_
Nov.,2016 249 179 214 779 56.8 67.4 56.0 0.198 —
Dec.,2016 19.3 108 150 854 65.1 75.3 64.7 0.156 25.8
Jan.,2017 18.2 5.7 119 873 62.9 751 519 0.136 9.6
Feb.,2017 19.7 102 149 858 60.1 72.6 59.3 0214 252
Mar.,2017 21.7 179 198 849 60.4 72.7 83.8 0.295 —
Apr.,2017 26.0 216 238 794 50.8 65.1 89.3 0.464 159
May.,2017 30.6 258 282 7717 45.6 61.6 106.5 0.659 —
2™ season
Oct.,2017 28.7 240 263 81.1 54.7 67.9 73.2 0.326 —
Nov.,2017 237 199 218 8&4.1 58.6 71.6 53.2 0.206 —
Dec.,2017 21.5 184 199 882 64.8 76.5 429 0.148 5.6
Jan.,2018 19.3 139 166 884 63.7 76.1 49.3 0.185 36.4
Feb.,2018 21.6 146 181 87.6 63.4 75.5 34.7 0.278 36.4
Mar.,2018 254 16.6 21.0 823 483 6530 46.4 0.422 —_
Apr.,2018 27.8 200 239 809 439 62.4 74.0 0.532 —
May,2018 31.2 238 275 75.6 439 59.7 95.80 0.634 —

* Source: Meteorological Station in Sakha Agricultural Research Station.

Before performing treatments, soil samples at
different depths up to 60 cm were randomly collected and
analyzed for pH, EC according to Page et al, (1982). Soil
bulk density was measured according to (Black and
Hartge, 1986). Particle size distribution was determined
according to piper, (1950). Cation exchange capacity
(CEC) was determined (as meq/100 g) by ammonium
acetate methods according to Bower et a/ (1952) and ESP
was calculated according to (Richard, 1954). Infiltration

rate was measured using double ring according to Garcia,
(1978). Gypsum requirements (4.9 ton fed.”) to reduce the
ESP from 17.5% to 10% for upper 30 cm soil layer were
determined according to the methods described by V.S,
Salinity laboratory staff (FAO and IIASA 2000). Compost
and gypsum were added before planting of sugar beet.
Some chemical and physical properties of the
studied soil and compost are shown in Tables (3,4 and 5).

Table 3. Some chemical properties of the soil before cultivation of sugar beet.

Depth EC Soluble cations megl” Soluble anions meg L ™
(cm) (ds m-l) pH SAR ESP CEC Ca’ Mg~ Na' K CO;- HCO; CI' SO.”
1™ season
0.20 6.58 8.6 14.9 16.5 38.4 7.9 11.8 46,7 05 0.0 6.0 333 276
20-40 7.43 8.8 15.7 17.6 373 8.9 13.6 525 0.7 0.0 6.5 374 319
40-60 8.25 8.9 16.4 18.6 35.8 9.9 15.4 583 09 0.0 85 414 346
Mean 742 15.7 17.6 37.2 8.9 13.6 525 07 0.0 70 374 316
2™ Season
0-20 5.86 8.5 14.2 1646 3920 7.0 10.3 418 04 0.0 550 299 241
20-40 6.23 8.7 14.6 16.82 38.60 7.5 11.1 444 06 0.0 6.0 307 269
40-60 7.49 8.8 15.7 1796 3710 9.0 13.7 529 0.7 00 7.5 38.7 30.10
Mean 6.53 14.8 17.08 38.10 7.83 117 4637 05 0.0 6.17 33.1 27.13

Table 4. Some physical properties and some water constants of the soil before cultivation of sugar beet.

Depth Particle size distribution (%) Textural Basic IR Bulk density

Soil Moisture constant (%)

(cm) Sand _ Silt Clay class (cmhr') (Mgm®) Field capacity Wilting point _Available water
1% season
0-20 14.68 29.50 55.82 Clayey 1.32 44.62 2391 20.71
20-40 16.31 28.78 5491 Clayey 065 1.38 42.36 22.87 19.49
40-60 18.79 27.96 53.25 Clayey : 1.46 39.28 20.59 18.69
Mean 16.59 28.75 54.66 Clayey 1.39 42.09 22.46 19.63
2™ Season
0-20 16.79 28.50 54.71 Clayey 1.31 43.78 23.25 20.53
20-40 18.33 27.85 53.84 Clayey 068 1.36 41.93 21.81 20.12
40-60 20.15 27.16 52.69 Clayey ) 1.41 38.87 19.35 19.52
Mean 1842 27.83 53.75 Clayey 1.36 41.53 21.50 20.06
Table 5. Some chemical characteristics of rice straw compost.
EC@Sm') pH C% OM% C/Nrato N% P% K% Feppm Znppm Mnppm Moisture (%)
3.16 7.67 29.80 51.26 19.10 1.56 0.86 1.15 148 65 128 28.90
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Water relations:

1- Applied water (AW): Submerged flow orifice with
fixed dimension was used to convey and measure the
applied water, as the following equation (Michael,

1978).
Q = CA,/2gh
Where:

Q = Discharge through orifice (cm’ sec™).
C = Coefficient of discharges (0.60).
A = Cross sectional area of orifice (cm?).
g = Acceleration due to gravity (980 cm/ sec?).
h = Pressure head over the orifice center (cm).

2 -Soil moisture percentage: Soil samples were taken from
each 20 cm depth interval up to 60 cm before and after the
irrigations to determine moisture content and to calculate the
amount of consumed water and stored for each irrigation.

3-Water consumptive use (W CU): was calculated as m3 fed.-

1 using the following equation (Hansen et al., 1979).

=n (8, — 0, A
WCU = Z {( ) * Dbi * Di * 4200}
i=1

100
Where:
0, :Gravimetric soil moisture % after irrigation
0, :Gravimetric soil moisture % before the next irrigation
Dbi : Bulk density in g / cm®of other 1™ layer
i  :No. of soil layers
n :No. of irrigation
Di  :Soil layer depth (20 cm)
4 — Stored water in the effective root zone (SW): was

calculated using the following equation:
=n(10; — 0, Lo
SW=Z {( )*Dbl*Dl*‘l-ZOO}
i=1 100
0, : Soil moisture % after irrigation with 48 hours in the 1% layer
0, : Soil moisture % before the same irrigation in the 1" layer
Dbi :Bulk density in g / cm® of other 1™ layer
i :No. of soil layers
n :No. of irrigation
Di  :Soil layer depth (20 cm)
5 - Irrigation application efficiency (E,): It was calculated as
described by (Downy, 1970) according to the following

equation:

wS
E, = (—) *100

wa
Where:-
E , = Water application efficiency (%)
w,= Water stored in the root zone
w, = Water applied to the field plot.
6- Consumptive use efficiency (CUE, %): It was calculated

according to (Doorenbos and Pruitt, 1975) as follows:

CUE (ET“ ) 100
= *
IWA

Where:
ET_ : Water consumptive use, and IW A: irrigation water applied to
the field (m’ fed.™).

7-Water distribution efficiency (WDE, %): It was

calculated according to James, (1988) as follows:

WDE = (1 —g) +100

Where:-
d = average depth of soil water stored along the furrow length during
the irrigation,
y = average of numerical deviation from d.
8- Water productivity (WP):- It was calculated
according to Ali et al, (2007).
WP RY
ET
‘Where:
W P= Water productivity
RY: Root yield (kg fed™),
ET: Total water consumption of the growing season (m’ fed™).

9- Irrigation water productivity (/W P): Was calculated
according to (Ali et al., 2007) as follows:-

GY
IWP = T

Where:
GY: Grain yield (kg fed™),
I : Is irrigation applied water (m*fed™).

Statistical analysis: The data were analyzed
statistically by a general linear model procedure and 2-way
analysis of variance (ANOVA) using cohort computer
program according to the method of Gomez and Gomez,
(1984). Mean separation procedure was performed using
LSD's test at a 0.05 and 0.01 level of significance.

RESULTS AND DISCUSSION

1- Seasonal applied water (SAW):

Data in Table (6) showed that the values of SAW to
sugar beet were clearly affected by irrigation treatments in
both growing seasons. The highest values of SAW in both
seasons are 3678 m’ fed” (87.57 cm) and 3562 m’ fed™
(84.81 cm), respectively were recorded under I;. On the
other hand, the lowest SAW values were recorded under
irrigation treatment of 1 in the two seasons (3168 m’ fed'l,
7543 cm, and 3094 m’ fed’, 73.67 cm, respectively).
Generally, the values of SAW in the two seasons can be
descended in order: I;> I,> I;>1,. So, it can be noticed that
SAW decreased with decreasing irrigation run lengths in
treatments which exposed to water stress. Therefore, the
highest values of water saving comparing to I; were
recorded with I, in both seasons (13.9% and 13.1%,
respectively) followed by I5 and I, treatments. These results
are in a great harmony with those obtained by Ibrahim and
Emara, (2009) and Kassab and Ibrahim, (2007).

Table 6. Seasonal applied water and water saving as affected by irrigation cut-off.

Irrigation 1* season 2"! season

treatments Applied water Water saving Applied water Water saving
cm m’ fed”' % m’ fed”' cm m’ fed” % m’ fed”'

I 87.57 3678 - - 84.81 3562 - -

L 83.14 3492 5.06 186 80.64 3387 491 175

I 78.93 3315 9.87 363 77.38 3250 8.76 312

Iy 75.43 3168 13.86 510 73.67 3094 13.14 468

seasonal applied water. The seasonal CU values were
decreased and CUE values were increased with decreasing
irrigation run lengths in the treatments exposed to water
stress. Data presented in Table (7) showed that the highest

2- The seasonal water consumptive use, CU (m’ fed™):
The seasonal CU is a direct function of the soil

water status which already affected by the amount of

irrigation applied water and it had the same trend of
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seasonal CU values in the 1** and 2™ seasons are 2381 and
2210 m® fed’, respectively were recorded under I,
comparing with other treatments that subjected to water
stress. Meanwhile, the lowest CU values are 2218 m® fed”
and 2062 m’fed’ were achieved with I, during both
seasons, respectively. On the other hand, the consumptive

use efficiency (CUE) was increased from 64.74 % to
70.00% in the 1% season and from 62.00 % to 66.75 % in
the 2™ season when irrigation run decreased from 100% to
70% from furrow length. The results are in somewhat
agreed with El-Ramady et al, (2013) and El-Hadidi et al,
(2016).

Table 7. Water consumptive use (CU ) and consumptive use efficiency (CUE) as affected by irrigation treatments.

. Irrigati CU (m’fed™)
%Z ‘;:)‘l‘l‘g t;;%ﬁ} ::::s Soil depth (cm) Total CUE (%)
0-20 20-40 40-60

I 978 885 518 2381 64.74

1 season L 971 846 498 2315 66.30
L 952 836 485 2273 68.57
L 944 825 449 2218 70.00
L 945 838 427 2210 62.00

o acon L 938 831 416 2185 64.51
L 930 815 398 2144 65.97
L 898 789 375 2062 66.75

3- Stored water in the effective root zone (m’ fed™):
The values of stored water were decreased with
decreasing of irrigation run from 100% to 70% of furrow
length. Data listed in Table (8) showed that the mean
values of stored water in the effective root zone were
decreased with cut-off irrigation treatments I,, I; and I,.
The highest mean values of water stored during the two

growing seasons (2525 and 2456 m’ fed”, respectively)
were recorded under irrigation treatment I;. On the other
hand, the lowest values in both seasons (2325 and 2335 m’
fed", respectively) were recorded under irrigation
treatment 1. These results are in agreement with those
obtained by (Lentz and Lehrsch, 2014).

Table 8. Stored water, irrigation application efficiency (E,) and water distribution efficiency (W DE) as affected by

irrigation cut-off.

3 -1
Growing Irrigation Water‘stored (m"fed”) E, WDE
season treatments Soil depth (cm) Total (%) %
0-20 20-40 40-60
I 1081 922 522 2525 68.7 74.68
1% season L 1059 910 512 2481 71.0 74.60
I3 1003 875 492 2370 71.5 74.85
Iy 983 860 482 2325 73.4 74.80
L 1063 918 475 2456 69.0 72.01
2 eason L 1057 910 456 2423 71.5 71.10
I; 1053 886 439 2378 73.2 70.30
Iy 1033 871 431 2335 75.5 70.25

Irrigation water efficiencies:

1. Irrigation application efficiency (E,): The highest
values of E, are 73.4 and 75.5% were achieved with 14
(cut-off at 70%) in the 1 and 2™ seasons, respectively,
while the lowest values (68.7 and 69.0%, respectively)
were resulted from I, as shown in Table (8).
Consequently, the mean values of E, were increased
with decreasing irrigation run from 100 to 70 % of
furrow length in both seasons. The results are in
somewhat agreed with those obtained by (Mosalm,
2009), El-Ramady et al, (2013) and El-Hadidi et al,
(2016).

Consumptive use efficiency (CUE): Consumptive use

efficiency (CUE) parameter shows the capability of plants

to utilize the soil moisture stored in the effective root zone.

It is obvious from the obtained data that the values of CUE

were increased with decreasing the irrigation run length

from 100 to 70% of furrow length. Data in Table (7)

showed that the highest values of consumptive use

efficiency in the 1% and 2™ seasons were recorded with 1.

On the other hand, the lowest CUE values in both seasons

(64.7 and 62.0%, respectively) were achieved with I;.
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These findings are somewhat agree with those obtained by
(Kassab, et al, 2007), (Kassab, 2012) and (Khalifa, 2013).
Water distribution efficiency (WDE): It is obvious from
the obtained data that the values of WDE increased with
decrease of the irrigation run length (Table 8). The highest
values of WDE in the 1* and 2" seasons are 74.85 and
72.01% were achieved with I; and I;, respectively, while
the lowest values (74.6 and 70.25%) were resulted from I,
and I, in the 1** and 2" seasons, respectively.

4. Water productivity (WP) and irrigation water
productivity (IWP): Data in Table (9) showed the
effect of cut-off and fertilization treatments on WP
and IWP, whereas the highest values were achieved
with I;, may be due to decrease in amount of applied
water with this treatment. The corresponding values are
14.09 and 9.70 kg total yield m~, respectively in the 1%
season and 16.74 and 11.04 Kg total yield m>
respectively in 2" season. Regarding the fertilization
rates, F, treatment achieved the highest values of WP
and IWP in 1* season (14.38 and 9.66 kg total yield m
3, respectively) and in 2™ season (17.38 and 11.23kg
total yield m”, respectively). These results are in the
same line with those obtained by Ibrahim and Emara,
(2009) and Kassab and Ibrahim, (2007).
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Table 9. Water productivity (W P) and Irrigation water productivity (IW P) of sugar beet as affected by different

treatments

z 1* growing season 2" growing season

g WP (kg m-3) IWP (kgm-3) WP (kgm-3) IWP (kgm-3)

g Root Shoot Sugar Total Root Shoot Sugar Total Root Shoot Sugar Total Root Shoot Sugar Total

Irrigation treatments (I)

I, 7.07 387 122 1216 458 251 079 788 878 459 162 1499 544 285 101 930

L 760 420 142 1322 504 278 094 876 9.14 489 1.72 15.75 586 3.10 1.12 10.08

I, 812 440 157 14.09 559 3.03 1.08 970 9.62 533 179 16.74 634 352 1.18 11.04

I, 730 392 149 1271 511 275 1.04 890 9.07 460 178 1545 736 3.06 1.19 11.61
Fertilization treatments (F)

F, 715 386 134 1235 483 261 090 834 874 457 1.63 1494 566 296 1.04 9.66

F, 817 459 162 1438 552 3.10 104 966 999 540 199 1738 643 351 129 11.23

F; 791 429 151 1371 534 289 102 925 957 509 182 1648 621 329 1.18 10.68

F, 751 407 142 13.00 508 275 096 879 902 486 1.69 1557 585 3.11 1.08 10.04

Fs 6.67 3.67 125 11.59 464 247 084 795 843 434 154 1431 546 277 1.00 9.23

5. Some soil chemical properties:
1. Soil Salinity (EC.):

As shown in Tables (10 and 11), the mean values of
EC, before performing the experiment are 7.42 and 6.53
dSm™ in the 1% and 2™ growing seasons, respectively,
(Table 3), but their mean values of both seasons after

harvesting were decreased to 4.85, 5.40, 5.79 and 6.19
dSm™, with I, I,, I; and I, treatments, respectively. The
corresponding reductions in soil salinity after harvesting
with these irrigation treatments were 30.7, 22.8, 17.2 and
13.3%, respectively.

Table 10. EC, SAR and ESP of soil 60-cm surface layer after harvesting of sugar beet as affected by different

treatments.
Treatments 1" season 2" season Overall mean
EC (dSm™) SAR ESP EC(dSm') SAR ESP EC(dSm') SAR ESP
Irrigation treatments (I)
I 5.36 12.17 14.25 433 10.96 12.76 4.85 11.57 13.51
I, 5.98 12.89 15.05 4.82 11.59 13.66 5.40 12.24 14.36
I 6.32 13.26 15.45 5.25 12.10 14.21 5.79 12.68 14.83
Iy 6.75 13.72 15.93 5.62 12.52 14.67 6.19 13.12 15.30
Fertilization treatments (F)
F, 7.46 14.45 16.67 6.05 13.01 15.20 6.76 13.73 15.94
F, 6.82 13.88 16.11 5.50 12.41 14.56 6.16 13.15 15.34
F; 6.39 13.38 15.58 5.05 11.88 13.98 5.72 12.63 14.78
Fy4 5.23 12.09 14.56 4.68 11.44 13.14 4.96 11.77 13.85
Fs 4.55 11.26 13.30 3.75 10.22 12.14 4.15 10.74 12.72
Table 11. Relative change (+%) of some soil chemical properties after harvesting of sugar beet crop as affected by
different treatments.
Treatments 1% season 2" season Mean (-)
EC SAR ESP EC (%) SAR ESP EC SAR ESP
Irrigation treatments (I)
I 27.8 21.0 18.8 337 26.05 25.29 30.7 23.5 22.1
I 19.4 16.4 14.3 26.2 21.79 20.02 22.8 19.1 17.1
I 14.8 13.9 12.0 19.6 18.35 16.80 17.2 16.2 144
I, 9.0 11.0 9.2 13.9 15.52 14.11 13.3 8.8 11.7
Fertilization treatments (F)
F, 0.5 6.2 5.01 7.4 12.21 11.01 3.9 9.2 8.0
F, 8.1 9.9 8.21 15.8 16.26 14.75 11.9 13.1 11.5
F; 13.9 13.2 11.23 22.7 19.84 18.15 18.3 16.5 14.7
Fy4 29.5 21.5 17.04 28.3 22.81 23.07 28.9 222 20.1
F; 38.8 26.9 24.22 42.6 31.04 28.92 40.7 29.0 26.6

Concerning the effect of fertilization treatments,
soil salinity are decreased to 6.76, 6.16, 5.72, 4.96 and 4.15
dSm™ with F, (90 kg N), F, (67.5 kg + 3 ton compost), F;
(45 kg N+ 5 ton compost), F4(22.5 kg N+ 7 ton compost)
and F5 (10 ton compost), respectively compared with EC,
before experiment. The reduction of salinity due to these

treatments after harvesting was 3.9, 11.9, 18.3, 28.9 and
40.7%, respectively as shown in Table (11). It can be noted
that the best reduction in EC, were achieved with F, and F;
treatments (high rate of compost) under I; and I, (high
amount of water applied). The decrease in EC could be
attributed to the higher amount of the inorganic NPK
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fertilizers which were uniformly added through soil
application. So, application of compost on salt affected
soils helps to diminish salinity thereby improving soil
characteristics, mainly by the increase of salts leaching
(Leaon, 1995). Also, the application of compost and
gypsum has been reported to positively affect the saline
sodic soils properties under semi-arid conditions (Madejon,
et al,2001) and (Sundhari et al., 2018).

Soil alkalinity (SAR and ESP): Soil sodicity in terms of
ESP as well as SAR of the soil were decreased
considerably due to application of irrigation and
fertilization treatments. As shown in Tables (10 and 11),
the cut-off irrigation treatments significantly decreased the
soil SAR and ESP values compared to that obtained before
experiment. The treatments I; and I, were more effective in
reducing the soil SAR and ESP as compared with I and 14
treatments. It can be noted that the highest reduction in
SAR and ESP comparing to that obtained before
experiment were achieved with I; (-23.5 and -22.1%,
respectively) and I, (-19.1 and -17.1%, respectively). On
the other hand, the lowest reduction of SAR and ESP were
recorded with I3 (-16.2 and -14.1 %, respectively) and I, (-
8.8 and -11.7 %, respectively). These reduction rates of
both parameters may be related to the amount of irrigation
water applied with cut-off irrigation treatments.

Regarding to fertilization treatments, the reduction
in soil SAR and ESP, respectively with different treatments
as a mean of both seasons can be arranged in the following
rising order: F; (9.2 and 8.0%) <F, (13.1 and 11.5 %) <F;
(16.5 and 14.7 %) < F4 (22.2 and 20.1%) < Fs (29.0 and
26.6%). The different reduction rates of both parameters

Table 12. Sugar beet yield and sucrose content as affected

may be related to the amount of compost with these

treatments. The results are in accordance with the findings

of Chaudhary et al,(2004), Gharaibeh et al, (2011) and

Abdel-Fattah, (2012).

6. Yield and yield components of the sugar beet:

1. Root yield: Data presented in Table (12) clearly
illustrated that the values of sugar beet root yield were
highly significantly affected by irrigation cut-off and
fertilization treatments in the two growing seasons. The
highest root yield values were achieved with I
treatment in both growing seasons (18.54 and 20.61 ton
fed”, respectively) while, the lowest values were
recorded with irrigation cut-off treatment of I, (16.19
and 18.70 ton fed”, respectively). Generally the root
yield can be descended in order of I3 > I, > 1; > 1. The
increasing of root yield with I, I, and I5 treatments may
be attributed to that they received large amount of
seasonal water applied which consequently decreased
soil salinity and sodicity. These results are in a great
harmony with those obtained by Aiad et al, (2014) and
Moursi and Darwesh, (2014).

Regarding the effect of fertilization treatments, the
root yield was highly significantly affected by these
treatments in the 1% and 2™ growing seasons. In both
seasons, the treatment of F, achieved the highest root yield
values (18.78 and 21.48 ton fed”, respectively), while the
lowest root yield values were recorded with Fs (15.76 and
18.13 ton fed', respectively). So, the root yield as affected
by fertilization treatments in the two growing seasons can
be descended in order F2 > F3 > F4 > F1 and F5. These
results are supported by (Moursi and Darwesh, 2014).

by irrigation and fertilization treatments.

Sugar beet yield (ton fed™”) o
Treatments Root Shoot Sugar sucrose %
1"season 2" season 1% season 2" season 1%season 2" season 1% season 2" season
Irrigation cut - off
I, 16.83 19.38 9.22 10.15 291 3.58 17.2 18.4
I, 17.58 19.98 9.71 10.68 3.29 3.77 18.7 18.7
I; 18.54 20.61 10.04 11.43 3.59 3.83 194 19.2
I, 16.19 18.70 8.07 9.48 331 3.58 20.5 19.8
L.S.D
0.05 0.364 0.417 0.323 0.384 0.101 0.268 0.280 0.392
0.01 0.502 0.585 0.445 0.546 0.140 0.311 0.403 0.542
Fertilization
F, 16.44 18.79 8.89 9.82 3.07 3.50 18.7 18.6
F, 18.78 2148 10.56 11.63 3.73 412 19.8 20.0
F; 18.17 20.56 9.86 10.94 345 391 19.3 18.5
F, 17.27 19.39 9.35 10.46 3.25 3.62 18.9 19.0
F; 15.76 18.13 8.43 9.32 2.86 3.30 18.1 18.0
L.S.D
0.05 0.362 0.369 0.319 0.309 0.100 0.261 0.199 0.378
0.01 0.487 0.436 0.428 0415 0.134 0.351 0.267 0.508
Interaction
I X F ksk ek sk ek * * ke ke

2. Shoot yield: The results in Table (12) showed that cut-
off irrigation treatments had high significant effect on
shoot yield in the two growing seasons. The highest
shoot yield were recorded with I treatment (9.71 and

10.68 ton fed") while the lowest yield were recorded
under I, treatment (8.07 and 9.48 ton fed") in both
growing seasons, respectively.
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The data showed that fertilization treatments had,
also, high significant effect on shoot yield in the two
growing seasons and the highest mean values were
obtained by F, treatment (18.78 and 21.48 ton fed”,
respectively). On the contrary, the lowest mean values
were recorded with Fs (843 and 9.32 ton fed”,
respectively). These results are a in agreement with those
reported by MarinKovic et al, (2010) and Moursi and
Darwesh, (2014).

3. Sugar percentage and Sugar yield: It can be observed
clearly from Table (12) that the irrigation cut-off
treatments had a high significant effect on sugar yield
and its quality. The highest values of sugar yield in the
1" and 2™ growing seasons were achieved with I
treatment (3.59 and 3.83 ton fed”, respectively), while
I; recorded the highest sugar % (20.5 and 19.8 %,
respectively).

Also, the fertilization treatments had a high
significant effect on both parameters in both growing
seasons. In both seasons, F; treatment achieved the highest
values of sugar yield (3.73 and 4.12 ton fed”, respectively)
and sugar % (19.8 and 20.0 %, respectively). On the other
hand, Fs treatment in both seasons recorded the lowest
sugar yields (2.86 and 3.30 ton fed™, respectively) and
sugar % (18.1and 18.0 %, respectively). These results are
in a great harmony with those obtained by MarinKovic et
al, (2010) and by Moursi and Darwesh, (2014).

CONCLUSION

The results obtained from the present study
indicated that the highest values of water applied, water
consumptive use and water stored were recorded with the
control (cut-off at 100 % of furrow length), while the
lowest values of these parameters were recorded with cut-
off at 70 % of furrow length. The highest values of water
saving, irrigation application efficiency (E,) and
consumptive use efficiency were recorded with cut-off at
70 % of furrow length. Also, the highest values of water
productivity (WP) and productivity of irrigation water
(IWP) were recorded with cut off of irrigation at 80 % of
furrow length, while the lowest values were recorded with
the control.

Concerning the role of fertilization, application of
67.5 kg N fed”" with 3 ton compost fed”' achieved the
highest values of WP and IW P, while application of 22.5
kg N fed! with 7 ton compost fed” gave the lowest values.

The highest reduction of EC,, SAR and ESP were
induced by the interaction between 10 ton compost fed
with check irrigation treatment, while the lowest reductions
were recorded with 90 kg N fed” and irrigation cut-off at
70 % of furrow length.

In general, the highest significant effects on sugar
beet yield were achieved by the interaction between
irrigation cut-off at 80 % of furrow length and application
of 10 ton compost fed™.
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