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Response of Sugar Beet to Planting Dates and

Water Requirements in Middle Egypt.
1- Consumptive Use and Water Use Efficiency

M.A. El-Shouny, EM. Taha ~, M.A. Sherif ~ and M.M.
e
Ewis

*Soils and Water Use Dept., NRC, Giza: **Agrenomy Dept., Fac. of
Agric., Minia Univ,, Minia and” Water Req. and Field Irrig. Dept,
Agric. Res. Centre, Cairo, Egvpt.

WO FIELD experiments were carried out at Sids Agric. Res.
Station Farm. Beni-Suef Governorate, Egypt during 1995 / 96 and
1996 / 97 seasons to study the relationship between planting dates
(258ept.. 10 Oct. and 25 Oct) and irrigation trealtments (irrigation at
40. 60 and 80% depletion from available soil moisture added to

recommend irrigaton). The results were as follows:

No clear ditference tn applied irrigation water could be attributed
to planting dates. Easly planting date caused small increase than other
planting dates.

Irrigation at a depletion ot 40, 60 and 80 % from available soil
moisture saved 27.9, 30.7 and 32.3 % in the first season and 29.4, 32.9
and 34.5% in the second season, respectively compared to normal

farm irrigalion treatment {control).

No clear difference in ET could be noticed between the three
planting dates. Average values of ET were 73.38, 7£.48 and 71.52 cm
in the lirst season and 76.77, 75.70 and 75.65 cm in the second one.
lrrigation as recommended in the region recorded the highest ET in
both seasons. Arranging these results in descending order, as average.
was: ET of control > depletion at 40, 60 and 80 % from available soil

moisture it both seasons.

The rate of soil motsture extraction from soil layers of root zone
was very high in the surface layers (0-15 cm) and became less with
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increasing depth of soil in all treatments. Data indicaled that shﬁi‘ing
of each layer depends on the sowing dates and irrigation treatments.
The second planting date caused the highest soil moisture extraction in
the first fayer ( 0 - 15 cm) and second layer (15 - 30 c¢cm), while the
first planting and third planting date gave the highest figures of soil
moisture extraction from the third and fourth layer . Also. soil
moisture extraction increased from the fourth layer (45 - 60 cm) at
irrigation after 80 % depletion of available water, while irrigation after
40 % depletion of available water gave the less rate of soil moisture

extraction from the fourth layer.

Early planting date (25 / 9) was accompanied by the highest
average of water use efficiency { WUE) of 9.39 and §.55 kg roots/m”
and 1.47 and 1 49 kg sugarfm3 in the 1wo seasons, respectively, while
the late planting date resulted in the lowest values.

According to WUE values, irrigation treatments could be arranged
in the following descending order: 60 > 40 > 80 % (ASMD} and control
for root and sugar yield in both seasons.

Keywords: Sugar beet, Planting dates, Water requirements, Middle

Egypt.

Sugar beet (Beta vulgaris L.) has become one of the strategic crops in Egypt due
to its income to the farmers and as a source of sugar. Planting date and irrization
regimes play an important role on water utilized and consequently on yield and

quality of sugar.

Prasad et al. (1985) stated that the maximum consumptive use values of
60.95 and 56.82 cm were observed at 80 % ASMD which resulted in maximum
sugar yield of 5.9 and 6.7 ton ha in the 1% and 2" year, respectively. Cucci and
Caro (1986) found that the most effective seasonal irrigation requirements were
3000 - 5500 m° / ha. Ibrahim et a. (1993) reported that water requirements were
in the range of 59.56 to 46.67 cim while the values of consumptive use were
58.06, 55.04 and 49.86 cm for the 2, 3 and 4 weeks intervals, respectively. The
water use efficiency of 8.60 kg for sugar beet root was obtained using one cubic
mmeter of water. Ibrahirn er al. (1995) found that average seasonal values of soil
moisture depletion (ASMD} were 64.97, 51.73 and 46.75 cm for irrigation depth

Egvpr. J. Soil Sci. 43, No. 3 (2003)
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G cm and two weeks irrigation interval. Water duty for sugar beet was 2583.4 m”
/ fed. Abd El- Wahab et al. (1996) reported that the highest value of consumptive
use (38.03cm) was recorded when plants were irrigated by 2625 mfied. They
added that values of water use efficiency (WUE) were 16.44, 13.92 % and 13.31
for root yield and 3.25, 2.81 and 2.9 ton/fed for sugar yield, using 2625 , 2100
and 1575 m> / fed, respectively.

Rayan er al, (1997) found that values of water consumptive use of sugar beet
m Upper Egypt were 2252.8, 2115.7 and 2071.0 m? / fed in the first season
while 1n the second, it reached to 2046.8, 2287 and 2198.5 m? / fed for the
treatinents irrigation after 25 - 30, 45 - 50 and 65 — 70 % depletion of available

soil molisture , respectively .

The aim of this investigation was to study different irrigation regimes under
three planting dates to reveal the best irrigation regime that can be adopted 1o

mcrense sugar beet yield.
Material and Methods

Twuo ficld experiments were carried out at Sids Agric. Res. Station Farm,
Beni-Suef Governorate, Egypt during 1995 / 96 and 1996 / 97 seasons Lo study
the relationship between planting dates, i.e 25 September, 10 October and 25
Outober and irrigation treatments, e trrigation at 40, 60 and 80% depletion from
available soil moisture (ASMD) to recommended urigation. A split - plot design
with [our replications was used. Planting dates were arranged randomly in the
main plots, while four irrigation treatments were allocated in the sub-plots. The
sub-plot area was 42 m2. Tt consists of eight ridges, 8.75 m long and 60 cm
width. The distance between hills was 20 cm. The soil of experimental field 1s
clay loam. Phosphorus fertilization was applied during soil preparation at the rate
ol 15 kg P05, while potassium sulphate (48% K,O) was added after thining a
rate of 30 kg K50 / fed. Nitrogen fertilization was applied as ammonium nitrate
(33.5% 7 at the rate of 60 kg N/ fed into two equal doses; the {irst after thinning,
while the second dose applied after month later. All other agricullural practices
were carried out as recommended for sugar beet production.

Results of chemical soil analysis according to Jackson (1967). mechanical
and some of soil-water characteristics for the trail sites are shown in Tables | and
2. respectively.

Egypt. 1. Soil Sci. 43, No_ 3 (2003)
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TABLE 1. Mechanical and chemical soil analysis of the experimental sites in 1995/%6
and 1996 / 97 seasons.

*

{[ Characteristics f 1995 /96 [ 1996 /97 _;
[ Mechanical analysis :
Sand % 20.25 16.42 ~ ]
Silt % 34.80 3138
N Clay %  44.95 52.20 ]
“Soil texture Clay Clay B
(Chemical analysis
oM. % A 22 2.04
PH 77 79 T
E.C.mmhos/cm{1:5) 0.55 0.57 o
Cations and anions meq /L.
Ca” 2.6 2.8
Mg 2.2 2.1
Na' 0.70 0.78 B
X 0.05 0.04 N
COs~ - - |
HCOy 5.0 o
Cr .33 0.54
SO4” 0.22 0.18 ]

TABLE 2. Some soil-water characteristics of the experimental sites at different
depth in 1995/ 96 and 1996 / 97 seasons.

Sample depih FC % PWP % ASM % Dy(g/cm’ )
(cm)
1995/ 96
0-15 4240 | 2000 2240 1176 |
15-30 35.90 18.80 17.10 1244 |
30-45 33.45 15.00 18.45 1251
45-60 3171 14.50 1721 ET
1956/ 97 -
0-15 4240 20.93 21,47 1186 |
15-30 36.99 18.02 18.97 1261
30 - 45 33.41 i5.61 17.80 1264
45 - 60 32.61 15.58 17.03 1336}

FC = Field capacity

ASM = Available soil moisture
PWP = Permanent wilting point

Dy, = Soil bulk density.

Collected data

Irrigation control

The irrigation water distributed through steel pipes and each plot received its

irrigation water through valve fixed to the steel pipes as shown in Fig [.

Irrigation water was measured using counter meter.

Egypt. J. Soit Sci. 43,No. 3 (200|3)
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Soil moisture content

Soil moisture percentage was determined gravimetrically on oven dry before
each irrigation and at harvesting. At each sampling date, duplicate soil samples
were taken at 0-15, 15-30 and 30-45 and 45-60 cm scil depth. The samples were
immediately transferred in highly closed aluminum cans to the laboratory,
weighed and dried in oven at 105°C for 24 hr. After that, they were reweighed
and their moisture content was determined.

Bulk density (Db), field capacity (FC %) and permanent wilting point
(PWP%)

Bulk density was determined by Core method, field capacity was determined
by field method and permanent wilting point was determined using a pressurc
membrane apparatus (Black, 19635).

Seasonal irrigation water (amount use)

The irrigation water amounts used values were obtained from the summation
of water consumptively used for all irrigation per treatment from sowing until
harvesting.

Soil moisture depletion (SMD)
Soil moeisture depletion was determined according to Bansen er al. (1979) as
follows:

Where

CU = Actual evapotranspiration in cm

I = Soil moisture depletion (SMD) in the effective root zone

I = Number of soil layer fori=1tol=n

Py = Percentage of soil moisture content after 48 hr from irrigation (w/w%).
Pyy| = percentage of soil moisture before irrigation (w/w %).

Dy; = Bulk density of the specified soil layer (gm / em3)

D; = Depth of soil layer (cm).

Soil moisture extraction pattern (SMEP)
Percentage of soil moisture extraction from a certain layer (15 ¢m} was
calculated according to the equation of Israelse and Hansen (1962):

Egypt. J. Soil Sci. 43, No. 3 (2003}
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(SMEL)
Pereentage of extraction moisture = ---~---------—--

(SMELs)
Where
SMEL = Soil motsture extracted from a certain layer.
SMELs = Sum of soil moisture extracted from all soil layers.

Warer use efficiency (WUE)
WUE was calculated according to Doorenbos and Pruitt (1973):

Root yield in kg / fed
WULE for root yield = ---mcecommmmmo
ETinm? / fed

Sugar yield in kg/ fed
WUE for sugar yield = -------mmmmm oo
ET inm? / fed

Results and Discussion

Wiler requirements are a function of crop growth stages. and chmatic
conditons. So, two factors were selected to study water relations and
productivity of sugar beet in Beni-Suef Governorate. The two faciors were. three
different planang dates designated Aq, Ajand Agreprescenied  climale
conditions, and three irngation treatments irrigated after 40, 60 and 80 %
depleuon from available soil moisture (ASMD), B|, B, and Ba. respectively

compared with normal farmer irrigation {controf) By.

Seasonal irrigatiou water (amount use)

Results of effect of sowing dates and irrigation treatments on irrigation water
diverted to sugar beet are shown in Table 3 through 1995 / 96 and 1996 / 97
seasons. To some extent, the amount of irrigation water to meet sugar beet
requirements in the second season was higher than that of the first season. These
values were 3749, 3736 and 3667 m° / fed in the second season and 3629. 3324
and 3336 m3 / fed in the lirst season. For first, second and third sowing date
(A7) tA3) and (Aj). no clear differences in applied irrigation amounts could be
attributed to planting dawes. However. the first sowing dates, in the two seasons,

received the highest irrigation amounts.

Egypt. /. Soil Sci. 43, No. 3(2003)
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TABLE 3. Effect of planting dates, irrigation treatments and their interaction on
the amount of applied irrigation water in 1995 /96 and 1996/97 seasons.

Planting dates Amount of applied irrigation water m® / fed // season |
{A) 1995 / 96 1996 / 97 f
Irrig. Treat. Ay Ay As | Mean | A, Az A; | Mean
(B) _ ]
By 3410 §3299 [3257 (3322 |3555 134523383 | 3463 |
B, 3258 | 3163 |3164 | 3195 |3303 {3363 3209 3291
B; 3117 [3157 {3097 [3123 |3199 13291 | 3138 13209 |
B, 4733 14478 14628 | 4613 140928 | 4839 | 4940 | 4902
Mean 3629 3524 3536 | 3563 15746 | 3736 | 3667 | 3716 |

Ay-Agz.Az: Sowingdates(25/9, 10/10, 25/10)
B|. By. B3: lrrigation reatments (40, 60, 80 % ASMD,)
By: Normal farmer irrigation (control)

To achieve irrigation practices, farmer treatment (By4) received amount of
irrigation water more than other irrigation treatments. These data were in
agreement with Tbrahim ef al. (1995} who stated that farmer practices led to
abuse irrigation water. The less irrigation water amounts, through the two
seasons, were discharged to irrigation treatments 80 % ASMD (Bs). Table 4
shows that the treatments of irrigation water (By), (B,) and (B3) saved water
trrigation about 27.9 , 30.7 and 32.3 %, respectively than the farmer treatment
(By) in the first season and 29.4 , 32.9 and 34.5 % in the second season. These
results reflex [ow much irrigation water we can save when using the reascnable
irrigation treatments.

TABLE 4. Effect of irrigation treatments on saving water of sugar beet in
1995/ 96 and 1996 / 97 seasons.

Irrigation 1995 /56 1996 /97 _
Treatments AIW. [ SW. | SWP. % [ALW.| SW. | SWP % -
B, 3322 | 1291 27.9 3463 | 1439 294
B, 3195 | 1418 30.7 3201 | 161l 329
B, 3123 | 1490 | " 323 3209 | 1693 345 |
By 4613 - - 4502 - -

3

A.LW = Applied irrigation water, m~ / fed.
S.W. = Saved water m~ / fed.

S.W.P. = Saved water percentage

Egypt. J. Soil Sci. 43, No. 3 (2003)



RESPONSE OF SUGAR BEET .. 337

Evapetranspiration (E.T.)

Table 5 indicates the effect of irrigation treatments, planting dates, on
evapotranspiration of sugar beet. Generally. ET values of second season were
higher than that of the first one. In the two scasons. no clear differences in ET

could be attributed 1o sowing dates.

TABLE 5. Effect of planting dates, irrigation treatments on ET of sugar beet in
1995 /96 and 1996 / 97 seasons.

IPla.nting dates { _ ET of sugar beet ( cm. / season ) B
I (A) ~1995/96 1996 / 97 o
, Irrig. Treat, Ay Ay Az | Mean | A, Az Ay | Mean |
(B) . S
B, 72.96 [70.84(69.72| 71.17 7661|7442 [73.14| 7472 |
B; 76.98 1 65.98 | 66.85 | 69.93 | 71.04 | 70.74 | 69.50 | 69.94 .
B3 66.67 1 67.16 | 65.34 ] 6639 16874 | 70.11 | 69.64 69.4971;
By 85.91|81.95|84.19| 84.01 |90.70 | 87.54 | 90.31 | 89.51 |
Mean __ [73.38[71.48[71.52] 72.88 | 76.77|75.70 | 75.65 | 76.04 |

Farmer treatments (By) recorded the higher ET compared with other
treatments. Arranging these data, as average were (By) 84.01, (B)) 7117, {By)
09.93 and (B3) 00.39 c¢m in the first season and (By) 89.51, (B) 74.72, (B,)
69.94 and (B4) 69.49 cm in the second season.

Root extraction patterns

Root extraction patterns mean the share of cach layer (15 cm each) in the
total amount of ET. Table 6 and Fig. 2, 3 indicate that the soil moisture was
removed till 60 cm deep.

Data indicate that the share of each layer depends on the sowing dates and
irrtgation treatments. In the first season, sugar beet extracted 42.93 (A3B),
27.64(A1B). 10.73 (A4B ) and 3.48% (A4B) from ET as lower limit and 57.27
(A9B ), 30.5 (AsB5). 17.93 (A3B3) and 10.93 (A, B3) from ET as an upper limit
{from first, second. third and fourth soil layer, respectively. These figures agree
with Parshar and Pastane (1974); Ibrahim er al. (1993) and Sherif er al. (1994).

The same trend was obtained in the second season. Data indicate that
prolonging the interval between wrigation {80 % ASMD) led 10 more water
exitact from the fourth layer. On the other hand. irigation at 40 9% ASMD

Egypt. J. Soil Sci. 43, No. 3 (2003
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TABLE 6. Soil moisture

extraction pattern% by sugar beet roots from different layers during the two growing seasons 1995/96 and

1996/97.
Soil Ay l Az Ay
Season | Depth { B: ! B. B: B, F Mean I B, ’ B, B, By Mean B, B, Bs B, | Mean | Mean
Oc:rlni ) 5281 | 49.34 4‘!.23 5316 l 50.01 | 3727 i 30.56 | 44.36 | 3223 5116 | 54.19 | 48.45 | 4293 | 532.87 | 49.61] 5026 |
‘1995196 15-30 | 3764 [ 28.85 l 28.32 | 28.27 f 28.40 i 28.52 } 3050 | 29.4; 29533 ) 2944 ‘29‘83 2865 | 28.76 | 2557 ) 29.05 | 28.95
30-45 | 1272 | 1463 I 16.02 | 153.01 , l-’LlD! 10.73 i i2.41 16.22 14.32 13.42 | 1211 | 1582 { 1793 | 13.04 | 14.73 | 1408
4360 | 6.34 | 668 | 10.95 | 556 i 750 | 3.48 ! 6.53 J 9.31 442 5.99 387 | 708 | 1038 | 523 6.65 | 671
0-13 | 4292 | 4795 [ 43.25 | 49.7) l 4770 1 5520 | 50.04 | 42,82 | 4859 | 49,16 | 32.43 | 4749 | 41.54 } 51.51 | 48.33 | 4840
1996/97 | {530 | 28,51 | 29.99 | 30.30 29'.26 ; 29.39 ’ 3009 | 3036 | 29.73 | 30.21 | 30,10 [ 30.20 | 29.78 | 27.97 | 28.8 | 29.19 | 2562
3043 [ 1517 ) 1434 | 15,78 | 15.07 | 1508 | 11453 | 12.69 16,42 [ 14.9] 13.86 | 1242 | 1499 | 1917 ; 13,67 | 15.07 | 1467
45-60 | 6.61 T4 L1019 | 596 ' 765 | 2.98 ! 6.91 10.03 6.29 6.80 4.90 7.44 1132 | 6.02 742 7.23"

A: Planting dates (A}, A and Az).
B: Irrigation treatments (B |, By, By and By).

S
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recorded the lowest water extraction from the fourth layer. Farmer treatment was
close 1o 40 % ASMD treatment. These data supported by Prasad ef al. (1985);
Ibrahim er ¢f. (1995) and Abd El-Wahab et al. (1996).

Water use efficiency of root vield (WUE)

The cifect of planting dates and irrigation treatments on water use efficiency
of roots, kg / m?. is shown in Table 7 and Fig. 4. The sowing date affected water
use efficiency in the twoe seasons, 1995 /96 and 1996 / 97, The {irst sowing date.
25 Scplember in the fist and second seasons resulted in the higher WL
followed by second plantng dale.

TABLE 7. Effect of planting dates, irrigation treatments and their interaction on
water use efficiency (WUE) of root yield in 1995/96 and 1996/97 seusans.

Planting dates Water use efficiency of root yield Kg /m°
(A) 1995 / 96 1945/ G7 )
Yrrig. Treat. Ai | A | Ay | Mean | A, A | Ay 1 Mean
B) o
B; 992 [ 9531924 | 956 {989 | 9.84 [ 899, 957
By 1040110.15] 544 | 999 |1036]| 968 | 926 . 977
Bs 9.61 | 833 | 815 | 870 | 997 1924 | 818 | 9.13
B, 762 1747 1702 | 737 | 798 1 771 | 654 | 741
Mean 939 | 887 [ 8456 | BGI | 955 | 9.12 | 824 | 897
* W9B1 0352 EEB3 BMB4
~ 10
B
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Fig. 4. Water use efficiency of sugar beet as affected by different irrigation
trextmenis (By, By, By and By) in 1995/96 and 1996/97 seasons.
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Irrigating sugar beet after soil lost 60 % ASMD (B,) produced the higher
root yield from each cubic meter consume by sugar beet followed by treatment
(B} that was irrigation 40 % ASMD. Farmer treatment introduced the lowest
WUB amount.

The higher WUE amount was obtained from treatment (B,) under the
condition of first planting date in the two seasons. On thie other hand, the farmer
treatment with the third sowing date recorded the lowest WUF, compared with

any of other treatments.

The same trend was obtained by many workers (Prasa et ai..1985: Sherif ¢t
alf.. 1994 and Abd-El Wahab et al., 1996).

Wazer use efficiency of sugar vield (WUE)

As shown in Table 8 and Fig. 5 from 1995 / 96 and 1996 / 97 seasons. the
highest sugar yield produced from each unit of water (kg/m3) consumed by
sugar beet was accured from first sowing date (A (). On the other hand. the third
sowing date reduced WUE to reach its lowest amounts.

TABLE 8. Effect of planting dates, irrigation treatments and their interaction on
water use efficiency (WUE) for sugar yield in 1995 / 96 and 1996 / 97

Seasons.
| Planting dates Water use efficiency of sugar yield Kg / m’ o E
{A) 1995 /96 1996 / 97 :
Lrrig. Treat. Ay M A A; | Mean | A, A A; | Mean -
(B) :

B, 1.50 [ 144 1143 1 146 | 150 [ 1.54 | 146 | 1.50

B, 1.67 [ 157 | 1.59 | 1.61 | 1.62 [ 1.53 | 1.52 | 1.56

B; 1.59 | 135 [ 142 ) 145 [ 162 | 1.56 | 140 ] 153
B, 112 1112 | 112 ] 1.12 | 1.20 | 1.07 | 1.04 | 1.10
Mean 147 [ 137 [ 139 | 141 | 149 | 143 | 136 | 143

Farmer wrrigation treatment (B4) lowered sugar produced from unit of water
consumptive use to reach its lowest value. The reverse occurred due to earliest
sowing date, 25 Sep. and 10 Oct. in the first and second seasons, respectively.

To obtain the higher WUE amount, sugar beet should be irrigated at 60%
ASMD. Farmer treatment gave the lowest sugar yield of water consumptive use
unit and irrigation at 40 % and 80 % ASMD. Their WUE were close to each other.

Egyptr. J. Soil Sci. 43, Np. 3 (2003)
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Fig. 5. Effect of irrigation treatments on water use efficiency for sugar yield in

1995/96 and 1996/97 seasons.
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