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ABSTRACT

Field experiments were conducted in 1997/98 and 1998/99 growing seasons
at Sakha Agric. Res. Station in a clayey non saline-non alkaline soil to study the
effects of three irrigation intervals (3, 4 and 5 weeks), two furrow irrigation system
(irrigating every furrow and every other furrow alternative) and two nitrogen fertilizer
levels (75% and 100% of nitrogen recommended dose) on sugar beet yield and water
relations. Split-split plot design with four replicates was used. Irrigation intervals
occupied the main plots, while furrow irrigation systems were replaced the sub plots
and the nitrogen fertilizer levels were the sub-sub plots. Results revealed that
irrigation intervals of 3 weeks, alternative furrow irrigation and application of
recommended nitrogen rate were the best combination for sugar beet yield, average
root weight, sucrose percentage and sugar yield. The results also indicated that the
irrigation intervals of 3 weeks under every furrow irrigation received the highest
amount of irrigation water and consumed more water than the other treatments.
Concerning the water use efficiency, data clearly showed that the irrigation intervals
of 5 weeks and irrigation of every other furrow achieved the highest values of water
use efficiency. While the irrigation intervals of 3 weeks and irrigation of every furrow
achieved the lowest values of water use efficiency. At the same time sugar beet roots
extracted about 80% of its water needs from the upper soil layer (30 cm).

INTRODUCTION

Sugar beet (Beta vulgaris, L.) plays a prominent role for sugar
production. Recently sugar beet has attracted the attention in Egypt for sugar
production. The government encourages beet growers to increase the
cultivated areas as well as the raise of its productivity. This could be achieved
through proper water management and optimizing the amount of nitrogen
fertilizer. Tremendous efforts should be implemented to overcome the
shortage of water that facing Egypt at present. Different ways to achieve the
effective irrigation management; some of those are the adoption of the furrow
irrigation system as well as irrigation intervals. The irrigation of alternative
furrows is particularly well suited for use of limited water on fine textured soils.
The technique involves applying water to every second or third furrow.
Alternatively, one could simply increase the spacing of furrows. Irrigation of
alternate furrows has been studied extensively in Texas, Oklahoma, California
and Nebraska since 1963 (Musick and Dusek, 1974; Stone et al., 1982;
Grimes et al., 1968 and Fischbach and Mulliner, 1972). The results of these
studies reported that smaller irrigations have been achieved with alternate
furrow irrigation about one third of irrigation water was saved and irrigation



Saied, M.M.

time was shorten thereby requiring less labor. Also, Benjamin et al. (1994)
and Brian et al. (1999) tested the alternate furrow irrigation as a good method
to increase water use efficiency, increase the crop yield and decrease the
chemical leaching. These studies were focussed on the role of irrigation
intervals as well as its impact on the production of crops. Gaber et al. (1986);
Attia and Sultan (1987) and lbrahim et al. (1993) studied the effect of irrigation
intervals on sugar beet production. They found that increasing the irrigation
interval decreased significantly the root yield and the values of water
consumptive use were 58.06, 55.04 and 49.86 cm for the 2, 3 and 4 weeks
intervals, respectively. The response of root yield and other characters of
sugar beet to nitrogen as soil fertilizer was reported by many workers.
Sucrose content tended to decrease by increasing nitrogen rates (Sharif and
Eghbal, 1994 and Besheit et al., 1995). Several investigators have reported
that root and sugar yield were the highest with 60 k N/fed. Further increase up
to 90 kg N/fed slightly reduced these yields (Edris et al., 1992; Sharif and
Eghbal 1994 and Besheit et al., 1995). Therefore, the aim of this investigation
was to study the effect of alternate furrow irrigation, irrigation intervals and
nitrogen fertilizer levels on production of sugar beet, its consumptive use,
amount of water applied, water use efficiency and soil moisture extraction
pattern.

MATERIALS AND METHODS

This study was conducted at Sakha Agriculture Research Station
Farm, during 1997/98 and 1998/99 seasons. The soil of the two experimental
sites were clayey in texture and non saline-non alkaline soils. The
experimental design was split-split plot with four replications. The main plots
were devoted to three irrigation intervals, i.e. 3, 4 and 5 weeks, while the sub-
plots were assigned to the irrigation methods (irrigation of every furrow and
alternative furrows irrigation). The nitrogen fertilizer levels were allocated in
the sub-sub plots, i.e. 75 and 100% of nitrogen recommended dose which
equals 52.5 and 70 kg N/fed., respectively.

Sugar beet, variety (TOP) was obtained from the Delta Sugar
Company at Kafr EI-Sheikh Governorate.

Seed balls were sown by hand in hills 20 cm apart at the rate of 3-5
seed-balls per hill at the third week of October. Plants were thinned twice and
the latter one was done to obtain a single plant/hill. Calcium super phosphate
(15.5% P20s) was applied during tillage operation at a rate of 100 kg/fed.
while potassium sulphate (48% K:0) at a rate of 50 kg/fed. was applied
before the second watering.

Nitrogen fertilization in the form of urea (46% N) was applied in two
equal doses before the first and second waterings.

Studied characters:

At maturity, five plants were taken at random from each plot and the
following characteristics were recorded:
1. Root fresh weight (g).
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2. Root yield of each plot was estimated in kilograms and converted to
record root yield in ton/fed.

3.  Sucrose percentage; was determined polarimetrically on lead acetate
extract of fresh macerated roots according to the method described by
Le-Docte (1927).

All data were statistically analyzed according to Snedecor and

Cochran (1967).

Water measurements:

1. Water consumptive use: was calculated according to the following
equations described by Israelsen and Hansen, (1962).
Cu: > 9291 5 Bax 29 x 4200
100 100
Where:
Cu : Water consumptive use (m%fed.).
n . Number of irrigations
62 . Soil moisture content (%) after irrigation.
01 ; Soil moisture content (%) before the next irrigation.
Bd : Bulk density (g/cm?3).
2. Amount of irrigation water applied was measured by cut-throat flume

(20 x 90 cm) and calculated as m3/fed. (Early, 1975).

3. Water use efficiency (W.U.E.):
Water use efficiency was calculated in kg/m?® according to Abd EI-
Rasool et al. (1971) by the following formula:

Yield (kg / fed.)
W.U.E. = _ 3 x 100
Water consumptive use (m” / fed.)
4, Soil moisture extraction patterns: The percentage of soil moisture

extraction pattern was calculated according to the following formula:
(8, - 6,) for each depth

(6, - 6,) for all depths

RESULTS AND DISCUSSION

Beet yield, average of the beet root weight/plant, sucrose percentage
and sugar yield of the different treatments are shown in Tables (1 and 2).
Beet yield and average of the beet root:

It is clear from data listed in Table (1) that the irrigation intervals
affected significantly the beet yield and average of the beet root weight/plant
in both seasons. Irrigation interval of 3 weeks gave the highest yield (23.6 and
22.47 ton/fed.) for the first and second seasons, respectively, followed by
irrigation interval of 4 weeks (22.16 and 20.79 ton/fed.) for the first and
second season, respectively. The lowest sugar beet yield was obtained from
irrigation interval of 5 weeks (20.95 and 18.9 ton/fed.) for the first and second
seasons, respectively. Concerning the effect of irrigation intervals on root
weight per plant in kg, the data reveal that the average root weight took the
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same trend as sugar beet yield. Meaningful, irrigation intervals of 3 weeks
surpassed the other irrigation intervals in increasing the root weight per plant.
The differences in yield between irrigation intervals treatments can be largely
attributed to the amount of irrigation water which was enough to meet the crop
water need. Moreover, prolonging irrigation interval to 5 weeks resulted in the
lowest yield. These results are in agreement with those obtained by Gaber et
al. (1986); Attia and Sultan (1987) and Ibrahim et al. (1993). On the other
side, data in Table (1) showed that the furrow irrigation system affected
significantly the beet yield and average root weight/plant during the course of
study. Alternative furrow irrigation yielded more than irrigation every furrows
by about 7.4 and 11.3% for the first and second season respectively.
Alternative furrow irrigation surpassed all furrow irrigation in increasing the
average root weight per plant in the two seasons of study. The positive effect
of alternative furrow irrigation may be due to that this method which increased
water use efficiency, increase yield and decreased nutrients leaching. These
results are in harmony with those obtained by Benjamin et al. (1994) and
Brian et al. (1999).

Table (1): Sugar beet yield in ton/fed. and weight of single root in kg for
the two seasons as affected by different treatments.

Treatments Beet yield Average | Weight of the beet root | Average
1st | ond 1st | ond
Irrigation intervals
21 days 23.6 | 22.47 23.04 1.76 1.57 1.67
28 days 22.16 | 20.79 21.48 1.16 1.2 1.18
35 days 20.95 | 18.9 19.93 0.89 0.83 0.86
F-test * * * *
LSD 0.05 1.3 1.42 0.419 0.25
LSD 0.01 - - - -
Furrow system
Every furrow 21.44 | 19.61 20.53 1.15 1.09 1.12
Alternative furrow 23.03 | 21.83 22.43 1.39 131 1.35
F-test * * * *
LSD 0.05 1.2 0.81 0.382 0.32
LSD 0.01 - - - -
Nitrogen fertilizer level
75% 22.21 | 20.51 21.36 1.19 1.10 1.15
100% 22.26 | 20.92 21.59 1.35 1.30 1.33
LSD 0.05 n.s n.s * *
LSD 0.01 - - 0.275 0.18

Concerning the nitrogen fertilizer levels, the data indicated that there
was no significant effect on sugar beet yield in the two seasons. On the other
hand, the nitrogen fertilizer levels affected significantly the average root yield
per plant in the two seasons. The highest root weight per plant was obtained
by the application of the recommended dose of nitrogen as compared to 75%
of recommended dose treatment. The increment of root weight due to the
recommended dose of nitrogen may be attributed to the role of nitrogen
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fertilizer in improving root dimensions by increasing division or elongation of
cells. Similar results were obtained by Edris et al. (1992) and Besheit et al.
(1995).

Statistical analysis of data as shown in Table (1) revealed that there
was no response of beet yield and root weight to the interaction among
irrigation intervals, furrow system and nitrogen fertilizer levels. But it could be
concluded that application of nitrogen recommended dose, irrigation each 3
weeks under alternative furrow irrigation maximized the root weight and sugar
beet yield. In contrast, the application of 75% nitrogen recommended dose,
irrigation each 5 weeks under irrigation all furrow recorded the lowest yields of
both beet yield and root weight.

Sucrose percentage and sugar yield:

Sucrose percentage showed a slight negative response to the
irrigation intervals in the two seasons of study, but sugar yield was increased
significantly. Irrigation interval of 3 weeks gave the highest sugar yield in the
1st and 2™ seasons (4212.6 and 3992.92 kg/fed., respectively). While the
lowest sugar yield in both seasons was recorded at irrigation intervals of 5
weeks (3796.14 and 3417.12 kg/fed., respectively).

With respect to the effect of furrow system, the results indicated that
sucrose percentage was not affected significantly, but sugar yield was
significantly affected in the two seasons of study. The highest values of
sucrose percentage and sugar yield were achieved by alternative furrow
irrigation due to increasing root yield.

Respecting to the nitrogen fertilizer levels, the sucrose percentage
and sugar yield indicated that no significant effects of nitrogen fertilizer levels.
The highest sugar yield (3892.7 kg/fed.) was obtained by applying the
recommended dose of nitrogen level. While the lowest one (3848.1 kg/fed.)
was found with applying 75% of nitrogen recommended dose.

Sharif and Eghbal (1994) confirmed this result. They stated that sugar yield
was the highest with 60 kg N/fed. further increase to 90 kg N/fed. slightly
reduced the vyield.

Water relations:
Water consumptive use:

Water consumptive use by sugar beet plants as a function of
irrigation treatments for both growing seasons are shown in Table (3). For
both seasons, consumptive use of water was the highest at irrigation interval
of 3 weeks and it was found to be 2546.04 and 2463.55 m?/fed. in the 1st and
2 seasons, respectively. While the lowest values were obtained with
irrigation intervals of 5 weeks in both seasons (1872.76 and 1834.56 m3/fed.
respectively).

Concerning the furrow irrigation system, data reveal that the
alternative furrow irrigation consumed water less than every furrow irrigation
by about 12.6 and 14.1% for the 1st and 2™ seasons, respectively. From data
obtained it is obvious that the water consumptive use increased as increasing
the amount of irrigation water applied.
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Table (2): Sucrose percent and sugar yield in kg/fed. for the two
seasons as affected by different treatments

Treatments % sucrose Average Sugar yield Average
1st | 2nd 1st | ond
Irrigation intervals
21 days 17.85 17.77 17.81 4212.6 | 3992.92 | 4102.76
28 days 18.2 18.1 18.15 | 4033.12 | 376299 | 3898.06
35 days 18.12 18.08 18.1 3796.14 | 3417.12 | 3606.63
F-test n.s n.s. * *
LSD 0.05 - - 230.0 320.0
LSD 0.01 - - - -
Furrow system
Every furrow 17.97 17.91 17.94 | 3852.77 | 3510.28 | 3681.53
Alternative furrow 18.15 18.05 18.1 4179.95 | 3938.45 | 4059.2
F-test n.s n.s * *
LSD 0.05 - - 198.5 266.5
LSD 0.01 - - - -
Nitrogen fertilizer level
75% 18.06 17.97 18.02 | 4010.69 | 3685.41 | 3848.05
100% 18.06 17.99 18.03 | 4022.03 | 3763.27 | 3892.65
F-test n.s n.s n.s n.s
LSD 0.05 - - - -
LSD 0.01 - - - -

Table (3): Water consumptive use (m3/fed.) for sugar beet in two seasons
as affected by different treatments.

Irrigation technique Irrigation technique
Irrigation Every [Alternative| Mean Every | Alternative Mean
intervals furrow furrow furrow furrow
15t season 2"d season

21 days 2740.5 2351.58 | 2546.04 | 2709.46 2217.64 2463.55
28 days 2152.92 1899.66 | 2026.29 | 2131.16 1873.62 2002.39
35 days 1984.88 1760.64 | 1872.76 | 1939.56 1729.56 1834.56

Mean 2292.77 2003.96 | 2148.36 | 2260.06 1940.27 2100.17

The most probable explanation for these findings is that more
available soil moisture provided a chance for more vegetative growth and this
in turn caused more luxuriant use of water, which ultimately resulted in
increasing evapotranspiration. These results were supported by the data
obtained by Gaber et al. (1986); Attia and Sultan (1987) and Ibrahim et al.
(1993).

Amount of irrigation water applied:

The total amount of irrigation water applied was measured and
recorded as shown in Table (4). It could has been noticed that the irrigation
interval of 3 weeks under every furrow irrigation system received the highest
amount of irrigation water. While the irrigation interval of 5 weeks under
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alternative furrow irrigation utilized the least amount of irrigation water in the
first and second seasons.

It can be seen from data that the alternative furrow irrigation saved
water by 21.85 and 19.81% in the first and second season, respectively.

Table (4): Amount of water applied (m®/fed.) for sugar beet as affected
by irrigation technigue in the two seasons.
Irrigation technique Water Irrigation technique Water
Irrigation Every [Alternative | saving % Every Alternative |saving %
intervals furrow furrow furrow furrow
15! season 2" season
21 days 3942.3 2978.4 24.45 3791.48 2956.5 22.02
28 days 3224.42 2561.14 20.57 3134.13 2520.64 19.57
35 days 2965.22 2356.69 20.52 2845.33 2337.78 17.84
Mean 3377.31 2632.08 21.85 3256.98 2604.97 19.81

Water use efficiency:

Results in Table (5) show the water use efficiency in kilogram of beet
and sugar per cubic meter of water consumed as influenced by different
treatments throughout the two seasons of investigation.

Irrigation intervals of 5 weeks under alternative furrow irrigation
achieved the highest values of water use efficiency for beet yield and sugar
yield in the two seasons of study. While irrigation every 3 weeks under all
furrows irrigation achieved the lowest values of water use efficiency. These
results are in agreement with those obtained by Brian et al. (1999).

Table (5): Water use efficiency for beet and sugar yield in kg/m3
consumed water for different treatments.
WUE for beet yield WUE for Sugar yield

Irrigation Every furrow Alternative furrow Every furrow Alternative furrow
intervals 1st 2nd 1st 2nd 1st 2nd 1st 2nd

season | season | season | season | season [ season season season
21 days| 9.68 8.34 9.96 10.03 1.55 1.48 1.78 1.78
28 days | 10.05 9.52 11.94 11.36 1.83 1.73 2.17 2.06
35days| 9.52 8.79 13.06 11.99 1.73 1.59 2.370 2.17
Mean 9.75 8.88 11.65 11.13 1.7 1.6 2.11 2.0

Soil moisture extraction pattern:

Data of mean values of soil moisture extraction percentage in the
upper 60 cm soil depth are presented in Tables (6 and 7). The results showed
that most of water extracted by sugar beet plant was removed from the soll
surface layer (0-30 cm). The highest percentage of the moisture uptake was
occurred at the surface layer of 15 cm of the soil profile. The average
moisture extraction percentages were similar for the different irrigation
treatments.

Also, data showed the highest uptake of water by sugar beet plants
from the surface soil layer (0-15 cm) that constituted 50.49% was obtained
with irrigation intervals of 4 weeks under all furrows irrigation technique. It can
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be concluded that, about 80% of the water extracted by sugar beet roots was
obtained from the upper 30 cm soil layer and about 20% from the lower (30-
60 cm) soil layer.
Table (6): Soil moisture extraction patterns by sugar beet roots as
affected by irrigation technigue in the first season.
Irrigation Ever furrow Alternative furrow
intervals 0-15 15-30 30-60 | 0-15 15-30 30-60
21 days 49.27 30.61 20.12 | 50.16 | 31.72 18.12
28 days 50.49 31.56 1795 | 4781 | 34.26 17.93
35 days 45.4 34.11 20.49 | 474 32.99 19.61
Mean 48.39 32.09 19.52 | 48.46 | 32.99 18.55

Table (7): Soil moisture extraction patterns by sugar beet roots as

affected by irrigation technique in the second season.

Irrigation Ever furrow Alternative furrow
intervals 0-15 15-30 30-60 0-15 15-30 | 30-60
21 days 49.72 3141 18.87 47.95 33.72 | 18.33
28 days 50.4 31.33 18.27 48.64 31.42 | 19.93
35 days 47.49 34.44 18.07 48.64 34.2 17.16
Mean 49.2 32.39 18.4 48.41 33.11 | 18.47

REFERENCES

Abd El-Rassol, S.F.; HW. Tawodros; W.I. Miseha and F.N. Mahrous (1971).
Effect of irrigation and fertilization on water use efficiency by wheat.
Fertilizer Conf. Ain Shams Univ., Cairo.

Attia, A.N. and M.S. Sultan (1987). Response of some sugar beet varieties to
irrigation intervals and harvesting dates. Conf. of Agric. Sci. on Food
deficiency overcoming through autonomous efforts in Egypt, 22-29.
June, Fac. of Agric. Mansoura Univ.

Benjamin, J.G.; H.R. Havis; L.R. Ahuja and C.V. Alonso (1994). Leaching and
water flow patterns in every furrow and alternate furrow irrigation. Soil
Science society of America Journal. 58(5): 1511-1517.

Besheit, S.Y.; B.B. Mekki and M.A. El-Sayed (1995). Yield and technological
characters of sugar beet as affected by rate and time of nitrogen
application. J. Agric. Sci. Mansoura Univ., 20(1): 61-69.

Brian, L.; D.E. Eisenhauer; C.D. Younts and D. Varner (1999). Managing
Furrow Irrigation System. University of Nebraska Nebguide Publication
G. 97-1338 A.

Early, A.C. (1975). Irrigation scheduling for wheat in Punjab, Cento Sci. Prog.
Optimum Use of Water in Agric. RPT. 17, Lyallpur, Pakistan, 3-5
March, pp, 115-127.

Edris, A.S.A.; N.A.N. EI-Din; I.H.M. ElI-Geddawy and A.M.A. El-Shafi (1992).
Effect of plant density, nitrogen and potassium fertilizers on yield and its
attributes of sugar beet. Pakistan sugar J. 6(2): 21-24.

4744



J. Agric. Sci. Mansoura Univ., 25 (7), July, 2000.

Fischbach, P.E. and H.R. Mulliner (1972). Every other furrow irrigation of
corn. ASAE. Paper No. 72-722 St. Joseph. Mi: ASAE.

Gaber, A.A.; M.N. EI-Banna and A.H. Noar (1986). Effect of irrigation intervals
and nitrogen level on yield of sugar beet. Alex. Sci. Ech 7(4).

Grimes, D.W.; V.T. Walhood and W.L. Dickens (1968). Alternate Furrow
Irrigation for San Joaquin Valley Cotton Calif. Agr. 22; 4-6.

Ibrahim, M.M.A.; M.A. Sherif and N.G. Ainer (1993). Response of sugar beet
in North delta to irrigation (Determination of Optimum Irrigation
Intervals J. Agric. Sci. Mansoura Univ. 18(5): 1288-1294.

Israelsen, O.W. and V.E. Hansen (1962). Irrigation Principles and Practices,
34 Ed. John Willey and Sons Inc., New York.

Le-Docte, A. (1927). Commercial determination of sugar beet in the beet root
using Sachs. Le. Docte Process. Int. Sugar J. 29: 488-492.

Musick, J.T. and D.A. Dusek. (1974). Alternate furrow irrigation of fine
textured soils. Transactions of the ASAE 17(2): 289-294.

Sharif, A.E. and K. Eghbal (1994). Yield analysis of seven sugar beet varieties
under different levels of nitrogen in a dry region of Egypt. Agriboil. Res.
47(3-4): 231-241.

Snedecor, G.W. and W.G. Cochran (1967). Statistical Methods. Sixth Edition,
lowa State Univ. Press.

Stone, J.F.; H.E. Reeves and J.E. Garton (1982). Irrigation water
conservation by using wide spaced furrows. Agr. Wtr. Mgmt. 5: 309-
317.

Jdsasa Ao g il Lacdll &Y ara g b ghadlls dJS\@ESc s A @ 8 il
Ll Jlads dalatay duilal) cABal) g el
A dada d gada
Lo )30 Gigaad) 38 pa - Al olsally o) ) gy 2ga

Le) 30 Cgadl ddana 8 1999/199A ¢ YAAA/N QY s sall 8 Alia o jlas
Ol ¢ gl © £ 0¥ S (g 0 el U S A Al 45l S dale s dgila ()l B L
5l el (e Galama g (Aol ) Jad & i Jad 5 55 ¢ bashaall JS ) Lat g Jashasdly 5
i) apanal aaii) Aglall clEdall e Sl jady Jpeane (8 4 (o sal) Janall e %) v YpVO
o glaall (8 (5 0 atas i Laiy Ayt Sl wdadll (55l ol 5 e G 5 S Aa )l e (4t 0 A8
Al A8l adadll o e s i) dpendl) C¥ e cilS 5 Y1 ARAN adadl)

Janall ddliaf 5 o g lasll 6 Dbl (5,11 Cag yla cund sl ¥ JS 5,00 of i) g
Sl Ay il S 53N 055 B sie ¢ Sl il Jsmne e el 4y a sl (5 i)
‘ ‘ ‘ Sl Jgaanas

S ef i) a8 Ja gladll JS (5 aldai sl ¥ S (5 ) Alelaa o il < jelal LS
Of Lia il Jas 5 AS0ginal) slpall 4aS s olady) (i Cidlalaall o8 Sl 8 5 Adliaall (5,5l Bl (30
ety olaall alasin) 3eleS) all of a3 Ja gladll o) sUaill 8 sl © JS g5 G cidlaladl)
Craliin) LS (5,0 slue aladin) 5oLl il Jil culae | 28 Ja ghadll S (5 alai can sl ¥ JS (50
Bompall i W1 Ak e oA+ (s pnt e Beny Llall A8l (0 Sl jady G ) 5da

4745



