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Summary

The response of two sugar beet cultivars to sowing date and time of harvest was investigated during the winter seasons
of 1996/97 and 1997/98, in the experimental farm of UM Dom south east of Khartoum (Lat. 15° 40° N and Long. 32° 32°
E.). The objective was to study the performance of sugar beet, as a potential crop, under the semi-arid environment of
northern central Sudan. Cultivars used were Pamela and Sonja M. which were sown on October 20, November 5, Novem-
ber 19, December 5, and December 19. Within each sowing date the crop was harvested at three times in the first season,
i.e. 18 weeks after sowing (WAS), 19 and 20 WAS. In the second season, four times of harvest were considered, i.e.
18,19,20 and 21 WAS.

Results indicated that time of sowing, time of harvesting and cultivar had highly significant effects on vegetative
growth components as well as on fresh root yield. The most vigorous vegetative growth and the highest root yield 59.3
tons/ha (mean of two seasons) were produced from early planting on October 20. The least vigorous vegetative growth
and the lowest root yield 36.6 tons/ha (mean of the two seasons) resulted from late planting on December 19. Pamela cul-
tivar excelled Sonja M. in vegetative growth parameters and in fresh root yield. The latest time of harvest (21 WAS) re-
sulted in the highest root yield while the earliest (18 WAS) produced the lowest. These results provide satisfactory justifi-

cation for the suitability of sugar beet as a potential crop in the semi-arid environment of northern central Sudan.
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Introduction

Sugar consumption, worldwide, experiences a steady in-
crease as a consequence of the great population growth and
the improvement of the standard of living in developing
countries. However, it appears to be stable or even declining
in the industrialized countries (Anonymous, 1995). Sugar
cane and sugar beet have long been considered as main
sources of sugar of which every nation is vitally interested
in having a continuous supply.

In the Arab region, the area under sugar beet is about
123000 hectares with atotal production of 5.6 million tones
of sugar. The leading sugar beet producing Arab country is
Morocco, which produces 49% of total production of all
Arab countries (Anonymous,1995). In Egypt, the current
policy has been to discourage further expansion in sugar
cane area and if possible to substitute sugar beet for sugar
cane in the warmer southern part of the country (Afifi,
1996).

Scientific research on sugar beet in the Sudan dates back
to the 1930 s when it was investigated among other crops as
a promising crop in the Gezira scheme. The results of the
experiments were not encouraging because of the low yield
(Karouri and Rayah, 1998). Consequently no further work
on the crop has been pursued till 1994/95 when the Arab
Authority for Agricultural Investment and Development
(AAAID) subjected the crop to more investigations in Khar-
toum State on the assumption that the crop might prove its
worth further north. Yields obtained were in the range of 71
to 81 ton /ha, indicating that sugar beet could be considered
as a potential winter crop in northern Sudan (Karouri and
Rayah, 1998). However, no further research has been done
on crop management practices for the identified superior
cultivars. Hence, the objective of this experiment was to
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evauate the growth and root yield of two of the leading
cultivars of sugar beet in response to sowing and to time
of harvest in the semi-arid environment of Khartoum
State.

Materialsand M ethods

The experiment was carried out during the winter sea-
sons of 1996/97 and 1997/98 at Um Dom (Lat. 15°40 " N
and Long 32° 32° E) which lies on the east bank of the
Blue Nile about 20 km south east of Khartoum. Thesiteis
characterized by an arid semi-desert continental climate
with relatively cool winter, hot summers, low rainfall, low
relative humidity and a potential evapotranspiration,
which exceeds precipitation throughout the year. The soils
are classified as Aridisols containing varying amounts of
salts and exchangeable sodium, which are considered as
the main limitations for crop production. Soil has aclayey
texture with over 40% clay and 20-30 % sand fraction and
a pH of 8-9. Organic matter is generaly low, total nitro-
genisinthe order of 0.03-0.06 % and available phosphor-
ous in the range of 50-180 ppm (lbrahim and Karouri,
1983).

Experimental treatments were arranged in a split-split
plot design with four replications. Five sowing dates were
randomized in the main plots, two cultivars in the sub-
plots and three times of harvest in the sub-sub plots. The
five sowing dates were spaced 15 days apart, on October
20, November 5, November 20, December 4 and Decem-
ber 19. The two cultivars were Pamela and SonjaM. The
three times of harvest were spaced every week at 18, 19
and 20 weeks after sowing (WAS) in the first season and
at 18, 19, 20 and 21 WAS in second. The first harvesting
started on March 4, 16, 31, April 15 and 30 for the Octo-
ber 20, November 5, November 20, December 4 and De-
cember 19 planting dates respectively. Plot size was 7x 3.2
m comprising four ridges 6 m long and 0.8 m wide. The
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two outer ridges were guard rows while the third was a-
lotted for growth analysis and fourth for yield assessment.
Seeds were sown on top of the ridges 2-3 cm deep and 15
cm apart. Fertilizer requirements were as recommended at
Um Dom farm where the first dose of nitrogen was added
pre-sowing at the rate of 40 kg/ha in the form of urea
(46% N) followed by the second at the same rate 6 WAS.
Phosphorus fertilizer was used at the rate of 50 kg P20s5/ha
in the form of superphosphate as basal dressing at sowing.
The frequency of irrigation was at 7-10 days in cool
weather and 5-7 days intervals in warm days. Other crop
management practices were done as needed.

Random samples of ten plants per treatment were tak-
en for growth analysis from the second ridge 12 WAS.
Growth analysis included number of leaves per plant,
fresh and dry weights of leaves per plant, fresh and dry
weights of roots per plant and leaf areaindex (LAI) which
was determined according to Watson and Watson (1953).
Beet roots of the third ridge were harvested as mentioned
above for yield assessment. Data were analysed according
to the statistical Analysis System (SAS Ingtitute, 1979).

Results and Discussion

Statistical analysis of the vegetative growth compo-
nents for the two seasons, presented in Table 1, showed
that they were significantly (P=0.01) affected by sowing
date and cultivar. Interaction between cultivars and sow-
ing dates was significant (P=0.01) regarding only number
of leaves per plant. Number of leaves, leaves fresh weight
and roots fresh weight per plant as well as LAI were high-
est with early planting (October 20) and lowest with late
(December 19) planting in both seasons. Leaves dry
weight and roots dry weight per plant exhibited the same
trend in both seasons (Tables 2 and 3). Pamela cultivar
was significantly higher than Sonja M. regarding all of the
above-mentioned growth attributes. The highest number of
leaves per plant was produced by Pamela cultivar when
planted in October 20 in both seasons, while November
planting was the optimum for leaves production by Sonja
M. cultivar. Both cultivars responded similarly to planting

Table 1. Mean squares showing the main effects of sowing date anc
cultivar on sugar beet growth component per plant and leaf
areaindex (LAI), three months after sowing. Seasons 1996/97
and 1997/98.

Sourcesof vari- Number ~ leaves  Leavesdry Rootfresh  Root dry
ation of leave _ ITESh - welght () weight (g) weight (g)

T LAI
weight (0)

1996/97
Sowingdate (S) 3077.1%* 761960.0* 65236+ 5053150+ 173893 331t
Cultivar (Cv)  15625% 100000*  6084** 656100%* 2502.1%* 011+
sxC 298+ 16500° 1217 10725° 3+ 003
1997/98
Sowingdate (S) 32238 6698569+ 63300+ 4650125+ 16088.1%* 374*
Cutivar (Cv) 19460t 223256t  2257° 390625+ Q776 053+
sxC 2153+ 73105°  215°  21875° 17+ 001

Inthisand the following tables, NS, * and
Significant a P = 0.05 and significant at ** mean not significant, P= 0.01 respectively.

Table 2. Effect of sowing date and cultivar on leavesfresh
weight, leaves dry weight, root fresh weight, root
dry weight and LAI of sugar beet 3 months after
sowing. Season 1996/97.

Sowing dates (s)
Cultivar (Cv) "Oct. 20 Nov.5 Nov.20 Dec. 4 Dec. 19 Means LSD

S1 S S Sa Ss
Num f leav lant
Pamela (Cv1) 135 126 110 95 76 108
SonjaM (Cv2) 105 109 103 94 68 96 4.1%*
Means 120 118 107 95 72
LSD (P=0.05) 10.3**
LAL
Cvi 3.8 34 33 3.0 21 3.11 0.07**
Cv2 3.9 3.2 3.0 2.9 21 3.0
Means 3.9 33 3.2 3.0 21
LSD (P=0.05) 0.19**
L eaves fresh weight (g)
Cvl 1395 1288 1090 993 613 1076
Cv2 1255 1173 995 908 548 976 30.6**
Means 1325 1231 1043 951 581
LSD (P=0.05) 74.2**
Cvl 136 127 114 95 61 107
Cv2 133 113 100 89 59 99 4.5%*
Means 135 120 107 92 60
LSD (P=0.05) 6.5**
Root fresh weight (g)
Cvi 1198 1098 908 845 523 914
Cv2 1093 995 850 763 465 833 20.3**
Means 1146 1047 879 804 494
LSD (P=0.05) 90.4**
Root dry weight (g)
Cvl 845 734 643 534 350 621
Cv2 772 671 604 506 327 576 12.5%*
Means 809 703 624 520 339
LSD (P=0.05) 18.7**

Table 3. Effect of sowing date and cultivar on leaves fresh
weight, leaves dry weight, root fresh weight, root
dry weight and LAI of sugar beet 3 months after
sowing. Season 1997/98.

Sowing dates (s)
Cultivar (CV) "Oct. 20 Nov.5 Nov.20 Dec.4 Dec. 19 Means LSD

S S Ss Sa Ss
Number of leaves per plant
Pamela (Cv1) 131 121 104 86 71 103
SonjaM (Cv2) 101 104 93 82 52 86 2.9**
Means 116 113 107 95 72
LSD (P=0.05) 7.3**
LAL

Cvl 3.8 34 3.1 2.6 2.0 3.0 0.05**
Cv2 3.6 3.1 2.8 24 1.9 2.8
Means 3.7 3.2 29 25 1.9
LSD (P=0.05) 0.11%*

L eaves fresh weight (g)
Cvl 1333 1163 1000 848 556 978
Cv2 1240 1138 963 788 535 933 27.1**
Means 1287 1151 98 818 546
LSD (P=0.05) 69.7**

Leavesdry weight (g)
Cvl 134 116 101 86 58 99
Cv2 124 114 98 81 55 94 NS
Means 129 115 100 84 57
LSD (P=0.05) 6.08**

Root fresh weight (g)
Cvl 1123 995 680 708 465 830
Cv2 1023 900 808 678 430 768 30.1**
Means 1073 948 834 693 448
LSD (P=0.05) 87.4%*

Root dry weight (g)

Cvl 797 667 611 446 312 567
Cv2 726 603 574 447 301 530 10.8**
Means 762 635 593 447 307
LSD (P=0.05) 17.2%*
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dates as manifested by the values of the vegetative growth
components; however, the performance of Pamela cultivar
was superior, probably, reflecting more adaptation to the
semi-arid environment. Early planting seems to have a-
lowed enough time for the establishment of maximum
vegetative growth before the onset of the low winter tem-
perature (mid December) which checks the growth in fa-
vour of sugar accumulation in roots (Metcalfe and Elkins,
1980). Hussain (1990) in Pakistan and El-Kassaby and
Leilah (1992) in Egypt reported similar results.

Fresh roots yield was significantly (P=0.01) affected
by cultivar, sowing date and harvest time in both seasons
(Tables 4 and 5). The highest root yields of 57.6 in the
first and 61 ton/ha in the second season were obtained
when sugar beet was sown on October 20. When sowing
was delayed to the 5th of November, the 19th of Novem-
ber, the 4th of December or the 19th of December, root
yield decreased by 6, 11, 21 and 36% respectively in the
first season (Table 4). In the second season the reduction
in yield was 6, 16, 23 and 40%, respectively (Table 5).
The superiority of root yield obtained with early sowing
could be attributed to the relatively long duration of opti-
mum growing conditions which had promoted vigorous
vegetative growth (Tables 2 and 3) before the onset of the
relatively cool nights. These, among other factors such as
depletion of soil nitrogen, retarded vegetative growth
(Metcalfe and Elkins, 1980) in favour of root growth. The
vigorous vegetative growth would then act as an active
source for simple carbohydrates, which are translocated to
the metabolically active roots and stored as sugars primari-
ly sucrose. Pamela cultivar outyielded Sonja M. (Tables 4

Table 4. Effect of sowing date, cultivar and time of har-
vest on root yield (t/ha) sugar beet, season

1996/97.

Sowing Dates Times of harvest (H)
© 18WAS 19WAS 20WAS Means
Pamela Cv.
Oct. 20" (S1) 475 615 80.3 63.1
Nov. 5™ (s2) 443 57.5 735 57.4
Nov. 20" (S3) 458 54.0 63.3 54.4
Dec. 41 (34) 430 50.8 58.0 50.6
Dec. 191 (S5) 320 36.0 458 37.9
Means 425 448 64.2
SonjaM Cv.n
Si 383 51.3 66.5 52.0
2 40.0 47.8 615 49.8
3 425 46.0 54.3 476
4 305 433 495 41.1
S5 29.0 335 43.0 352
Means 36.1 44.4 54.9
Overall means (Cv) Pamela=50.5 Sonja=45.1
LSD 1.64**
Overall means (S) S1=57.6 S2=54.1 S3=50.95 $S4=455 S5-36.6
LsD 2.75+*
(-6) (-11) (-21)  (-36)

Overall means (H) 18 WAS=93.319 WAS=48.2 20 WAS=59.6
LSD 1.41**

(+23) (+52)

WAS Means weeks after sowing
Numbersin parenthesis indicate increased (+) or decreased (-) values.
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Table 5. Effect of sowing date, cultivar and time of har-
vest on root yield (ton/ha) of of sugarbeet,

season 1997/98.
Sowing Dates Times of harvest (H)
© 18 19 20 21 Means
WAS WAS WAS WAS
Pamela Cv.
ot.20M(sy 455 578 783 833 66.2
Nov. 5" (S2) 423 565 428 768 62.1
Nov.20™ (S3) 423 515 598 668 54.7
Dec. 41 (S4) 370 438 548 613 49.2
Dec. 191" (S5) 308 378 408 443 384
Means 392 495 613 665
SonjaM Cv.n
S 37.3 51.8 63.5 705 55.8
2 363 485 608 668 53.1
3 343 460 543  57.8 482
s4 318 405 503 535 53.1
S5 278 328 380 413 34.98
Means 336 439 534 5498
Overall means (Cv) Pamela=54.1 Sonja=47.2
LSD 1.9%+
Overall means (S) S1=61 S2=57.6 S3=515 S4=46.7 S5=36.7
LSD 4.105**
(-6) (-16) (-23)  (-40)
Overall means (H) 18 WAS=36.5 19WAS=46.7 20WAS=57.4 21WAS=62.2
LSD 0.98**
(+28) (+58) (+71)

WAS Means weeks after sowing
Numbers in parenthesis indicate increased (+) or decreased (-) values.

and 5) because the former developed more vegetative
growth faster (Tables 2 and 3) than the latter. Root yield
has been found to depend largely, on the rate of growth at
an early stage (Saito et al., 1992) as well as on early plant-
ing (Lauer, 1995). Early harvesting (18 WAYS) resulted in
marked reduction in root yield. Delaying harvest to 19 and
20 WAS in the first season increased root yield by 23 and
52%, respectively. In the second season, increase in root
yield of 28, 58 and 71% were recorded when harvest was
delayed to 19, 20 and 21 WAS, respectively. These find-
ings are in agreement with those reported by Besheit and
El Gharbawy (1991) in India and by Leilah and Nasr
(1992) in Egypt.

Summary and Conclusion

The foregoing discussion showed that sugar beets fresh
root yield ranged from 58 to 61 t/ha. (Tables 4 and 5) in
the two seasons. Compared with the world s average of 24
ton/ha (Chapman and Carter, 1976) and with England s of
45 ton/ha (Lockart and Wiseman, 1983), the performance
of the crop seems to justify its consideration as a potential
crop for the semi-arid environment of northern central Su-
dan.
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