
                                                                 
                                                                                                    

EFFECT OF IRRIGATION WATER DEFICIT ON WATER AND THERMAL 

REQUIREMENTS FOR SUGAR BEET IN UPPER EGYPT. 

 

By 

 

OMAR MOSTAFA YASSIN MOUHRAN 

B.Sc., Agric. Sci., Al-Azhar University at Assiut, (2008). 

M.Sc. Agric. (Soils and Water), Sohag University (2018) 

 

THESIS 

Submitted in Partial Fulfillment of the 

Requirements for the Degree of 

DOCTOR OF PHILOSOPHY  

 

IN 

AGRICULTURAL SCIENCES 

(Soils and Water) 

 

Department of Soils and Water Sciences 

Faculty of Agriculture 

Assiut University 

Egypt 

Prof. Dr. Mohsen Abd-El-Moneim Gameh  
Soil and water Department Faculty of Agric., Assiut University 

Prof. Dr. Saleh Mahmoud Ismail 
Head of soil and water Department Faculty of Agric., Assiut University 

Prof. Dr. Fouad Ahmed Fouad Khalil  
Emeritus Professor, Water Requirements and Field Irrigation Research Institute 

Agricultural Research Center 

Dr. Ezzet Mostafa Ahmed  
 Soils and Water, Faculty of Agriculture, Assiut University 

 

 

 

2022 
 



 

CONTENTS 

                                                                             

 Subject Page No. 

1. INTRODUCTION 1 

2. REVIEW OF LITERATURE 4 

2.1   Sugar beet 4 
2.2. Taxonomy and botany 6 
2.2.1 Taxonomy 6 
2.2.2 Botany 6 
2.3.   Factors affecting sugar beet production 7 
2.3.1 Soil 7 

2.3.2 Climate 7 

2.3.2.1 Climate and yield of sugar beet 8 

2.3.2.2 Sucrose accumulation 8 

2.3.2.3 Solar radiation 8 

2.4 Cultural practices    9 

2.4.1 Sowing 9 

2.4.1.1 Sowing date 9 

2.5 Effects of temperature on sugar beet 10 

2.6 Irrigation 11 

2.6.1 Irrigation scheduling 11 

2.6.2 Role of irrigation scheduling in production 12 

2.6.3 Water stress effects on sugar beet 13 

2.7  Seasonal water consumptive use 20 

2.7.1 Annual water consumptive use 20 

2.7.2 Water consumptive use (Evapotranspiration) 21 

2.7.3 Applied irrigation water (AIW) 21 

2.7.4 Water Productivity (WP) 22 

2.8 Harvest 22 

2.8.1 Effects of harvest on yield and its components 22 

2.8.2 Effects of harvest on quality parameters                                                                                                    24 

2.8.3 Effects of harvest on sugar yield 25 

2.9 Varieties 26 

2.10 Calculation of growing degree days (GDD) 31 

2.11 Green fodder 33 

3. MATERIAL AND METHODS                                                               34 



 

3.1 Description of the experimental site                                                                                              34 

3.2 Soil physical and chemical characteristics 34 

3.3 The agro meteorological data at the experimental site 35 

3.4 Experimental design and tested variables 36 

3.4.1 Cultural practices 36 

3.5 Data recorded at harvest 38 

3.5.1 Yield and its components 38 

3.5.2. Quality parameters 38 

3.6. Sugar beet-water relations 39 

3.6.1 Reference crop evapotranspiration (ETo) 39     

3.6.2 Crop water requirements (ETc) 39 

3.6.3 Water supply 40 

3.6.4 Water consumptive use (CU) 40 

3.6.5 Water use efficiency (WUE)  41 

3.6.6 Water productivity (WP) 41 

3.7 Calculation of growing degree days (GDD) 41 

3.8 Statistical analysis 42 

4. RESULTS AND DISCUSSION                                                            43 

4.1 Yield and it's components 43 

4.1.1 Root length (cm) 44 

4.1.2 Root diameter (cm) 46 

4.1.3 Weight of above ground biomass (kg /fed) 49 

4.1.4 Biological yield (kg /fed) 53 

4.1.5 Root yield (kg /fed) 56 

4.2. Quality parameters of sugar beet roots 59 

4.2.1 Sucrose percentages content in of sugar beet roots 59 

4.2.2   Impurities percentages (α- amino N%, Na% and K %) 62 

4.2.3 Quality sugar percentages content in of sugar beet roots 69 

4.2.4 Purity percentages content in of sugar beet roots 72 

4.2.5 Sugar lost to molasses (SLM) percentages content in of 

sugar beet roots 

75 

4.2.6 Extractable sugar (ES) percentages content in of sugar beet 

roots 

77 

4.2.7 Extractability percentages content in of sugar beet roots 80 

4.2.8 Sugar yield (t/fed.) content in of sugar beet roots 83 

4.3 Soil-plant-water relations 86 

4.3.1   Seasonal water supply 86 

4.3.2 Sugar beet water consumptive use 88 



 

4.3.3 Water use efficiency(Kg/m
3
) (WUE) 91 

4.3.4 Water productivity (Kg/m
3 
) (WP) 96 

4.4.   Growing Degree Days (GDD) 101 

4.4.1 Stage-base Growing Degree Days 101 

4.4.2 Seasonal growing Degree Day (SGDD) 105 

5. SUMMARY                                                                                             107 

6. REFERENCES                                                                                        114 
 

LIST OF TABLES 

Table 

No. 
Title Page No. 

1 
Physical and chemical properties of the experimental soil 

measured before the starting of the experiment 

35 

2 
Average meteorological data recorded at Shandaweel 

Agricultural Research Station during the growing 

seasons of  2018/2019 and 2019/2020. 

36 

3 Effect of irrigation treatments, harvest date and sugar 

beet varieties on root length (cm). 

44 

4 Effect of irrigation treatments, harvest date and sugar 

beet varieties on root diameter (cm). 

48 

5 Effect of irrigation treatments, harvest date and sugar 

beet varieties on weight of biomass (t /fed). 

50 

6 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on weight of biological yield (t /fed). 

55 

7 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on root yield (kg /fed). 
57 

8 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on sucrose percentages. 
61 



 

9 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on alpha amino – N percentages. 
65 

10 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on sodium percentages. 
67 

11 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on potassium percentages. 
68 

12 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on quality sugar percentages. 
71 

13 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on purity percentages. 
74 

14 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on sugar lost to molasses percentages. 
76 

15 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on extractable sugar percentages. 
79 

16 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on extractability percentages. 
82 

17 
Effect of irrigation treatments, harvest date and sugar 

beet varieties on sugar yield (t/fed.). 
85 

18 
Effect of irrigation treatments and harvest dates on 

amounts of applied irrigation water (m
3
/fad.) in the two 

growing seasons. 

87 

19 
Effect of irrigation treatments, harvest dates and sugar 

beet varieties on water consumption (m
3
/fad.) in the two 

growing seasons. 

90 

20 
Effect of irrigation treatments, harvest dates and sugar 

beet varieties on water use efficiency of root yields (roots 
92 



 

kg /m
3
) in the two growing seasons. 

21 
Effect of irrigation treatments, harvest dates and sugar 

beet varieties on water use efficiency of sugar yields 

(sugar kg /m
3
) in the two growing seasons. 

95 

22 
Effect of irrigation treatments, harvest dates and sugar 

beet varieties on water productivity (root kg /m
3
) in the 

two seasons. 

97 

23 
Effect of irrigation treatments, harvest dates and sugar 

beet varieties on water productivity (sugar kg /m
3
) in the 

two seasons. 

99 

24 
Cumulative growing degrees days during the different 

growth stages of sugar beet varieties under the conditions 

of the harvest dates in the of 2018/19 season.  

102 

25 
Cumulative growing degrees days during the different 

growth stages of sugar beet varieties under the conditions 

of the harvest dates in the of 2019/20 season.  

102 

LIST OF FIGURES 

Fig. No. Title Page 

No. 

1 

Root length (cm) as affected by irrigation treatments 

and harvest dates applied to three sugar beet varieties 

in the season of 2018/19. 

45 

2 

Root length (cm) as affected by irrigation treatments 

and harvest dates applied to three sugar beet varieties 

in the season of 2019/20. 

45 

3 
Root diameter (cm) as affected by irrigation 

treatments and harvest dates applied to three sugar 
49 



 

beet varieties in the season of 2018/19. 

4 

Root diameter (cm) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

49 

5 

Weight of above ground biomass (kg /fed.) as 

affected by irrigation treatments and harvest dates 

applied to three sugar beet varieties in the season of 

2018/19. 

51 

6 

Weight of above ground biomass (kg /fed) as 

affected by irrigation treatments and harvest dates 

applied to three sugar beet varieties in the season of 

2019/20. 

51 

7 

Biological yield (kg /fed) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

54 

8 

Biological yield (kg /fed) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

55 

9 

Root yield (kg /fed) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

58 

10 

Root yield (kg /fed) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

58 

11 

Sucrose percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

61 



 

12 

Sucrose percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

62 

13 

Alpha amino – N percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugar beet varieties in the season of 2018/19. 

65 

14 

Alpha amino – N percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugar beet varieties in the season of 2019/20. 

66 

15 

Sodium percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

66 

16 

Sodium percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

67 

17 

Potassium percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

69 

18 

Potassium percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

69 

19 

Quality sugar percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

72 

20 

Quality sugar percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

72 



 

21 

Purity percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

74 

22 

Purity percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

75 

23 

Sugar lost to molasses percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugars beet varieties in the season of 2018/19. 

77 

24 

Sugar lost to molasses percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugars beet varieties in the season of 2018/19. 

77 

25 

Extractable sugar percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugar beet varieties in the season of 2018/19. 

80 

26 

Extractable sugar percentages as affected by 

irrigation treatments and harvest dates applied to 

three sugar beet varieties in the season of 2019/20. 

80 

27 

Extractability percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

82 

28 

Extractability percentages as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

83 

29 

Sugar yield (t/fed.) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2018/19. 

85 



 

30 

Sugar yield (t/fed.) as affected by irrigation 

treatments and harvest dates applied to three sugar 

beet varieties in the season of 2019/20. 

86 

31 

Seasonal water supply for sugar beet as affected by 

water regime, harvesting dates and varieties in the 

season of 2018/19. 

88 

32 

Seasonal water supply for sugar beet as affected by 

water regime, harvesting dates and varieties in the 

season of 2019/20. 

88 

33 

Seasonal water consumptive use for sugar beet as 

affected by water regime, harvesting dates and 

varieties in the season of 2018/19. 

90 

34 

Seasonal water consumptive use for sugar beet as 

affected by water regime, harvesting dates and 

varieties in the season of 2019/20. 

91 

35 

Water use efficiency of root yields (roots kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2018/19. 

93 

36 

Water use efficiency of root yields (roots kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2019/20. 

93 

37 

Water use efficiency of sugar yields (sugar kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2018/19. 

96 

38 

Water use efficiency of sugar yields (sugar kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2019/20. 

96 



 

39 

Water productivity of root yields (roots kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2018/19. 

98 

40 

Water productivity of root yields (roots kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2019/20. 

98 

41 

Water productivity of sugar yields (sugar kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2018/19. 

100 

42 

Water productivity of sugar yields (sugar kg /m
3
) as 

affected by irrigation treatments, harvest dates and 

varieties in the season of 2019/20. 

100 

43 

Growing degree days (GDD) during the different 

growth stages of sugar beet varieties under the 

conditions of the first harvest data treatment 

(*GSL=180days). 

103 

44 

Growing degree days (GDD) during the different 

growth stages of sugar beet varieties under the 

conditions of the first harvest data treatment 

(*GSL=195days). 

104 

45 

Growing degree days (GDD) during the different 

growth stages of sugar beet varieties under the 

conditions of the first harvest data treatment 

(*GSL=210 days). 

105 

46 

Average cumulating growing degree days (CGDD) 

of sugar beet crop under different harvest dates 

during the 1
st
 and 2

nd
 seasons 2018/19 and 2019/20. 

106 

 



Summary and Conclusions 
 

107 
 

5. Summary and Conclusions 
 

Two field experiments were carried-out at Shandaweel Agricultural Research 

Station, Sohag Governorate, Upper Egypt in 2018/19and 2019/20 seasons.  

The aim of the experiments were to study the effects of three irrigation 

treatments, three harvest dates and three sugar beet varieties on yield, yield 

components, quality characters of sugar beet roots, water relations and thermal 

requirements. 

The experiments were carried out in clay loam soil under surface 

irrigation. The design of the experiments were split-split plot with three 

replications. He main plots were devoted for irrigation treatments (100%, 85% 

and 70% WR), the sub- plots were assigned to three harvest dates (180, 195 

and 210 days after sowing). The sub-sub plots comprised of three sugar beet 

varieties (RAVEL, SV841 as a mono-varieties and SA1686 as multi-germ 

variety). The sub-sub plot area was 10 m
2
.  

All cultural practices for growing sugar beet were carried out as 

recommended for the region. The irrigation treatments were applied after the 

first irrigation till the end of the growing season.  

 

The obtained results could be summarized as followed: 

1 - Yield and its components 

 The highest value of the root length (cm) was obtained under irrigation 

with 70% WR in the two growing seasons. While the lowest values were 

obtained from irrigation with 100% WR in both growing seasons. 

 The highest weight of root diameter, above ground biomass, biological 

yield and root yield were obtained from irrigation with 100% WR. On the 

contrary, the lowest values of root diameter, above ground biomass, biological 

yield and root yield were obtained under irrigation with 70% WR in both 

growing seasons. 

 The maximum root length, root diameter, biological yield and root yield 

were obtained from the longest harvest date (210 days) in both growing 
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seasons. On the other hand, the shortest harvest date (180 days) reduced the 

above ground biomass in both growing seasons. 

 The average values of root length, root diameter, above ground 

biomass, biological yield and root yield of RAVEL and SA1686 varieties were 

higher than SV1841 variety in both growing seasons. 

 There were significant effects among irrigation treatments, harvest dates 

and varieties on root length, root diameter, above ground biomass, biological 

yield and root yield in the both growing seasons. 

 The interaction effects of irrigation treatments, harvest dates and sugar 

beet varieties were found insignificant in both growing seasons, except the 

interaction effect between harvest dates and varieties on root yield in the first 

season and the interaction between harvest date and variety on above ground 

biomass in both growing seasons where the interaction between them were 

significant. 

2.) Quality parameters of sugar beet roots: 

 Sucrose percentage was significantly affected by irrigation treatments in 

both growing seasons. Irrigating sugar beet plants with 70 % WR recorded the 

highest sucrose percentage.  

 Sucrose percentage was significantly affected by harvest dates and the 

highest value was obtained from harvest sugar beet after 210 days from 

planting in both growing seasons. 

 The significant differences among the evaluated sugar beet varieties in 

sucrose percentage and the RAVEL variety produced the highest value in the 

both growing seasons.  

 Impurities percentages (sodium, Potassium and α- amino nitrogen %) 

were insignificantly effect by irrigation treatments in both growing seasons.  

 Impurities percentages were insignificantly affected by investigated 

harvesting dates in both growing seasons, except the effect of harvest date on 

sodium percentage in the second season only. 

 Evaluated sugar beet varieties had no significant effect on sodium, 

potassium and α- amino nitrogen % in both growing seasons. 
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 Quality of sugar percentage was significantly affected by irrigation 

treatments in both growing seasons. Irrigating sugar beet plants with 70 % 

WR recorded the highest sugar quality percentages.  

 Sugar quality percentages were significantly affected by harvest dates in 

the second growing season, where the highest value was obtained from harvest 

sugar beet after 210 days from planting. 

 Significant differences among the evaluated sugar beet varieties in 

sugar quality percentages was recorded, the RAVEL variety recorded the 

highest value in the both growing seasons. 

 Irrigation with 70% WR produced the heights purity parameters of 

purity percentage followed by irrigation with 85% WR, then irrigation with 

100% WR in the both growing seasons.  

 Purity percentage was insignificantly affected by the tested harvesting 

dates. However, RAVEL variety produced the heights quality parameters of 

purity percentage. 

 Irrigation treatments, harvesting dates and evaluated sugar beet varieties 

had no significant effect on sugar lost to molasses percentage in both growing 

seasons. 

  Extractable sugar percentage was significantly affected by irrigation 

treatments, harvesting dates and evaluated sugar beet varieties in both growing 

seasons. Irrigation at 70% WR produced the heights extractable sugar 

percentage. 

 The highest value of extractable sugar percentage was recorded for the 

longest harvest dates, namely 210 days followed by 195 days and then by 180 

days in both growing seasons.  

 RAVEL variety produced the heights quality parameters of extractable 

sugar percentage, followed by SA1686 variety then SV1841 variety in the two 

growing seasons. 

  Extractability percentage was significantly affected by water irrigation 

treatments. Irrigation by 70% WR resulted in the highest quality parameters of 

extractability percentage. 
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 RAVEL variety produced the highest quality criteria of extractability 

percentage, followed by SA1686 and then by SV1841 in both growing 

seasons. 

   Irrigated sugar beet plants with 100% WR, recorded the highest sugar 

yield.  

 Increasing season length of sugar beet up to 210 days resulted in 

increasing sugar yield in ton/fed, as compared to harvest after 180 and 195 

days   from planting in the both growing seasons.  

 The investigated sugar beet varieties significantly differed in sugar yield 

in both seasons. RAVEL variety yielded significantly higher sugar yield than 

the other two varieties. 

3.) Sugar beet plants and soil, water relationships  

 The highest values of seasonal applied irrigation water were 4045 and 

3922 m
3
/fed recorded for the longest harvesting dates of 210 days, followed 

by the 3491 and 3390 m
3
/fed for the harvesting date of 195 days and then by 

2967 and 2904 m
3
/fed for the harvesting date of 180 days in the first and 

second growing seasons, respectively. 

 The grand average values of seasonal water consumptive use regarding 

irrigation treatments, harvest dates and sugar beet varieties were 2138 and 

2073 m
3
/fed in the first and the second season, respectively. 

 The highest water consumptive used values of  2467 and 2335 m
3
/fad 

were found in full irrigation water treatment 100% WR, followed by 85%WR 

of 2135 and 2016 m
3
/fed and the least was recorded for 70% WR of 1811 and 

1675 m
3
/fad in the first and the second seasons, respectively. 

 The highest water consumptive use was obtained from the longest 

harvest date of  days, namely 2478 and 2219 m
3
/fed followed by 195 days, 

namely 2129 and 2034 m
3
/fed and 180 days, namely 1806 and 1773 m

3
/fed in 

the first and the second season, respectively. 

 Water consumptive used by RAVEL and SA1686 were slightly higher 

than that of SV1841 in both growing seasons. 
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 The highest root water use efficiency values of 15.7 and 16.2 kg/m
3
 

were obtained from irrigation with 70% WR, followed by 15.3 and 14.9 kg/m
3
 

under irrigation with 85% WR. The lowest value of WATER USE 

EFFICIENCY was recorded under irrigation with 100% WR and were 14.5 

and 14.5 kg/m
3 
in the first and the second seasons, respectively. 

 The water use efficiency values of 210 harvest date were 14.3 and 15.9 

kg/m
3
, the corresponding values for 195 days were 15.1 and 15.2 kg/m

3
 and 

were 16.0 and 14.6 kg/m
3 

for 180 days in the first and the second season, 

respectively. 

 The RAVEL and SA1686 attained higher values of roots water use 

efficiency compared to SV1841 variety, but the differences in root water use 

efficiency of RAVEL and SA1686 varieties were found insignificant.                                           

 The average values of water use efficiency over the two growing season 

were 2.33, 2.54 and 2.86 kg sugar/m
3
 for 100% WR, 85% WR and 70% WR 

irrigation treatments, respectively. 

 The water use efficiency values were 2.55, 2.57 and 2.61 kg sugar/m
3 

for 180 days, 195 days and 210 days harvest date, respectively.                                                            

 The RAVEL variety recorded the highest water use efficiency value of 

3.08 kg sugar/m
3
, followed by SA1686 variety of 2.57 kg/m

3
. The lowest 2-

year average value of water use efficiency was recorded for the SV1841 

variety (2.07 kg sugar/m
3
).  

 Increasing the amounts of applied irrigation water decreased the value 

of water productivity of sugar beet roots. The 2-year average values of water 

productivity were 8.61, 8.98 and 9.52 kg root/m
3
 for 100% WR, 85% WR and 

70% WR irrigation treatments, respectively. 

 The water productivity values were 9.27, 9.07 and 8.77 kg root/m
3
 for 

180 days, 195 days and 210 days harvest treatments, respectively.                                                            

 2-year water productivity values for RAVEL variety were 9.64 kg 

root/m
3 

and was 9.19 kg root/m
3 

for SA1686 variety, both of them were 

significantly higher than SV1841 variety (8.28 kg of root/m
3
 applied water).  
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 Increasing the amounts of applied irrigation water significantly 

decreased the water productivity of sugar yield. The 2-year average water 

productivity values were 1.39, 1.54 and 1.72 kg sugar/m
3
 for irrigation with 

100% WR, 85% WR and 70% WR irrigation treatments, respectively. 

 Increasing harvest date to 210 days after planting decreased the water 

productivity values. The 2-year water productivity values was 1.54 kg 

sugar/m
3
 applied water for 180 and 195 harvest dates, while the lowest value 

was 1.53 kg sugar/m
3
 and was recorded for the longest harvesting date (210 

days). 

 The 2-year water productivity values for RAVEL was 1.85 kg sugar/m
3
 

and 1.53 kg sugar/m
3
 for SA1686 varieties and both of them were 

significantly higher than SV1841 variety (1.23 kg sugar/m
3 
applied water).   

4.) Growing degree days (GDD)    

 The growing degree days (GDD) during the seedling growth stage for 

the respective three varieties registered 198, 198 and 297 °C in the first season 

and it were 306, 349 and 349 °C in the second and it were season.                                                                                                    

 The GDD during vegetative growth stage for the respective three 

varieties registered 786, 811 and 657 °C in the first season 654, 554 and 

611°C in the second season. 

 The GDD of tuber growth stage recorded values of 1120, 1095 and 

1150 °C for the first season, and it were 1254, 1311 and 1254 °C for the 

second season for the first harvest date treatment. 

 The GDD values for the tuber growth stage of the three varieties 

respectively were 1456, 1431 and 1486 °C in the first season, and it were 

1610, 1667 and 1610 °C in the second season for the second harvest date 

treatment. 

 These values of GDD in the tuber growth stage reached 1856, 1831 and 

1886 °C in the first season; and it were 1926, 1983 and 1926 °C in the second 

season. 
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 Values of seasonal GDD were 2104, 2440 and 2840 °C in the first 

season, and it were 2214, 2570 and 2886 °C in the second season for the three 

harvest dates treatments, respectively. 

 Sugar beet crop needed seasonal growing degree days ranging from 2100 to 

2200 °C, if the harvest date done after 180 days from planting, it needed a 

range between 2400-2600 °C, if harvest done after 195 days from planting, 

and if the harvest date done after  210 days from planting, it needed a range 

between 2800-2900 °C. 

 Recommendation 

Form the above results, it could be recommended to maximize sugar beet 

production (Beta vulgaris var. saccharifera, L.), RAVEL or SA1686 varieties 

should be cultivated, irrigated with 100% of its water requirements and 

harvested after 210 days from planting to attain maximum tubers and sugar 

yield of sugar beet under Upper Egypt conditions. Furthermore, to maximize 

water use efficiency and water productivity under water shortage situations, 

irrigation with 70% of water requirement is recommended.  
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