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Abstract 

Water shortages have increased growers interest to investigate the effects of 

deficit irrigation (DI) levels, i.e. 25, 50 and 75% of irrigation water requirement (IWR) 

compared with the full irrigation level (100 % of IWR) on sugarbeet productivity and 

on final population size (pf) and reproduction factor (RF) of root – knot nematode, 

Meloidogyne incognita, as well as on water use efficiency (WUE) at the end of 

growing season, under greenhouse conditions. Results showed that DI at the levels 

of 25, 50, and 75% of IWR decreased significantly yield characters (root and gross 

sugar yields) and sugar percent of sugarbeet, and increased WUE compared to full 

irrigation level (100%) treatment, without significant difference between 75 and 

100% DI levels in root yield. The yield characters were greatly reductions at DI 

levels of 25 and 50% of IWR. Among the irrigation levels treatments, WUE was 

lowest in the 100% irrigation level and highest in the 25% irrigation level. Also, the 

results indicated that the pf and RF were significantly lower at irrigation levels of 25, 

50, and 75% than 100% level. The 75% irrigation level caused minor reductions in 

root yield, gross sugar yield and sugar percent, but significantly reduced nematode 

infection (pf and RF) compared to 100% irrigation level. Thus, deficit irrigation to 

level of 75% of IWR can be utilized to the management of root- knot nematode, M. 

incognita infection without significant reduction in sugarbeet yields. 

Key words: deficit irrigation, M. incognita, root– knot nematode, sugarbeet, water 

irrigation level, water use efficiency, yields. 

Introduction 

Sugarbeet (Beta vulgaris L.) is one of the most important crops in Egypt as it 

is well adapted to Egyptian environment especially reclaimed lands and has 

essential position in winter crop rotation not only in fertile soils but also in poor, 

sandy, saline, alkaline and calcareous soils. Also, it is far better than sugarcane 

when water use efficiency is concerned. One kilogram of sugar needs about 1.4 and 

4.0 m
3 

water by sugarbeet and sugar cane, respectively (Ouda, 2001). Under low 

water availability, suitable irrigation management and scheduling are indispensable 

to increase water use efficiency (WUE) in agriculture. Plant parasitic nematodes are 
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important sugarbeet pests and considered to be very damaging to crop and cause 

significant yield losses (Gohar and Maareg, 2005; Maareg et al., 2009 and 

2018a). These nematodes that are usually known as the root- knot nematodes, 

Meloidogyny javanica and M. incognita. Sugarbeet plants infected by root-knot 

nematodes show stunted growth accompanied by symptoms of severe deficiency of 

some nutritional elements, substantially reduced nutrient and water uptake, and 

yield amount and quality (Ismail et al., 1996; Maareg et al., 1998; Maareg and 

Hassanien, 1999; Gohar, 2003; Gohar and Maareg, 2005 and Maareg et al., 

2005, 2006, 2009 and 2018a). Root- knot nematodes can survive in a fallow soil for 

years but survival diminishes quickly if the soil is either too wet or too dry (Towson 

and Apt, 1983). All Meloidogyne species need water to hatch and hatching is 

regulated by temperature and moisture (Karssen and Moens, 2006). Soil moisture 

is an important factor affecting nematode development and infection (Wallace, 

1963; Duncan et al., 1998 and Hunter 2000). Increasing water stress decreases 

the water potential (from 1 to 10 bars) around root-knot nematode, M. javanica, 

which reduces the percentage of eggs hatching and increases the percentages of 

second stage juveniles mortality (Mohawesh and Karajeh, 2014). For coping with 

water shortage and scarce supplies, deficit irrigation, defined as application of water 

below the full requirement of the crop, is an important tool that achieves the goal of 

reducing the amount of water required for irrigation. Effects of different deficit 

irrigation level on sugarbeet performance have been studied by several researchers 

(Eid and Ibrahim, 2010; Baigy et al., 2012; Asgari et al., 2012; Abdel- Nasser et 

al., 2014 and Maareg et al., 2018b). Although, deficit irrigation has been widely 

investigated as a valuable and sustainable production strategy in dry regions 

(Gearts and Reas, 2009). An additional benefit of deficit irrigation is potential for 

improving water productivity in many field crops, and there is to decrease the level 

of infection with some plant pests and diseases, especially those that are moisture 

dependent (Shin, 2005). Therefore, the main objectives of this study were to 

compare the effects of deficit irrigation levels (25, 50 and 75%) with those of full 

irrigation (100% of IWR) on sugarbeet productivity and population and reproduction 

factor of M. incognita under greenhouse conditions. 

Materials and Methods 

This study was carried out during the growing season of 2015 to compare the 

effects of selected deficit irrigation levels (25, 50 and 75%) with those of full 

irrigation 100% of water requirement (IWR) on sugarbeet productivity and 

population size and reproduction factor of root- knot nematode, M. incognita under 

greenhouse conditions. 30.0 cm- diameter and 35.5 cm – deep earthen pots were 

filled with sterilized sandy loam soil (65.1% sand, 22.6% silt, 12.3% clay; 0.76% 

organic material; 37.56% saturation; electrical conductivity "Ec", 0.9 m mho cm
-1

; 

PH 7.6). Seeds of susceptible sugarbeet, Mammut variety were sown in 7
th
 October, 

2015. All pots were placed in saucers and were irrigated with an equal amount of 
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water every three days using a volumetric cylinder. At germination pots and after 

fifteen days, seedlings were thinned to one vigorous plant per pot. The pots were 

divided into four groups, each contained teen replicates. In total 40 pots were 

arranged in a randomized complete block design inside the greenhouse at 20 ± 5C
 

and 65 ± 5 RH. One week after thinning, the pots were irrigated with a sufficient 

water volume to reach 100% of IWR level. The irrigation scheduling was based on 

the amount of water depleted from the 100% irrigation level. The amount of 

irrigation water for the other irrigation levels (25, 50 and 75% of IWR) was adjusted 

as a percentage of the full irrigation treatment (100% of IWR). The amount of 

irrigation water applied in the 100% treatment increase the soil water moisture 

content to IWR level, with no water excesses to prevent leaching of water and 

inoculants. As the other irrigation levels received less water than the 100% 

treatment. The soil water content at 15 cm- depth was measured six times per 

month at 5- day intervals was monitored throughout the experiment using time 

domain reflect meters. Two weeks after thinning, each pot or seedling was 

inoculated with 10 ml suspension of 2000 freshly hatched second stage juveniles 

(J2s) of M. incognita. The inoculation was performed one week after the irrigation 

level treatments by pouring gently mixed J2s suspension into three holes made in 

the soil around the seedling. All sugarbeet potted plant were managed throughout 

the growing season by standard agricultural practices. Six months after nematode 

juveniles inoculation, plants were uprooted and root were cleaned. Fresh weight of 

root was recorded per plant and gross sugar percentage was determined according 

to Le Docte as described by Mc Ginnis (1982), and gross sugar yield per plant was 

calculated by multiplied gross sugar % x root weight. The number of developmental 

stages per root system was counted after staining with acid fuchsine lacto phenol 

according to Byrd et al., (1983). The J2s per pot was extracted using set of 60-350 

mesh sieves and modified Baermann pan technique. The final population density 

(Pf) of nematode for each treatment separately was determined. The reproduction 

factor (RF) was calculated by the formula: RF= Pf/ Pi. Where: Pi is the initial 

population. All data were subjected to analysis of variance and Duncan
’
s new- 

multiple range test used to separate means at 5% level of probability (Duncan, 

1955).  

Results and Discussion 

1. Effect of deficit irrigation levels on sugarbeet productivity: 

Table (1) shows the efficiency of deficit irrigation (DI) levels i.e. 25, 50, 75 

and 100% of IWR on root yield, gross sugar yield and gross sugar percent as well 

as water use efficiency (WUE) in sandy loam soil. Results showed that the plants at 

different irrigation levels observed significant differences (P  0.05) in root, gross 

sugar yields and gross sugar percent. The irrigation with the highest level (100%) 

produced the highest sugarbeet root and gross sugar yield values and the highest 
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gross sugar percent, while, irrigation with 25% level produced the lowest ones. Root 

yield was significant lower (P  0.05) for sugarbeet plants irrigated with 25 and 50% 

levels than these irrigated with 75 and 100% levels, but plants irrigated at 75% level 

did not differ in their root yield from those irrigated at 100% level. Gross sugar yield 

significantly decreased (P  0.05) as irrigation water level decreased from 100 to 

25%. Also, sugar percent significantly decreased (P  0.05) with decreasing 

irrigation level, without significant different between the treatments of 50 and 75% 

levels. The results in the same Table revealed that the highest DI levels (50% and 

25% of IWR) caused the higher reduction (29.59 and 51.76 %) in root yield, (37.71 

and 63.42%) in gross sugar yield and (11.18 and 24.34%) in gross sugar percent, 

respectively. However, the highest DI level (75%) recorded lower reduction (4.54, 

10.83 and 6.8%) compared by the full irrigation level (100% of IWR), in root, gross 

sugar yields and gross sugar percent, respectively. Irrigation water levels had a 

significant effect (P  0.05) on WUEs for root and gross sugar yields of sugarbeet. 

The WUE was significantly higher for sugarbeet plants irrigated with 25, 50, and 

75% levels when compared with plants irrigated with the full (100%) irrigation level. 

The highest WUEs values (29.60 and 4.01 mg mm
-3

 for root and gross sugar yields, 

respectively) were recorded with plants irrigated at the highest deficit irrigation level 

of 25% of IWR. The value of WUEs significantly increased (P  0.05) (from 15.06 to 

19.19, 21.21 and 29.60 mg/ mm
3
 for root yield and from 2.74 to 3.25, 3.41 and 4.01 

mg/ mm
3
 for sugar yield) with decreasing the irrigation level from 100 to 75, 50 and 

25% of IWR, respectively. 

Table (1). Efficiency of deficit irrigation levels on root, gross sugar yields and gross 
sugar percent of sugarbeet infecting with root-knot nematode, 
Meloidogyne incognita under greenhouse conditions. 
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100 1084.20
a - 197.31

a 
- 18.24

a 
- 15.06

a 
- 2.74

a 
- 

75 1036.00
a 

4.45 175.95
b 

10.83 17.00
b 

6.80 19.19
b 

27.42 3.25
b 

18.61 

50 763.40
b 

29.59 122.91
c 

37.71 16.20
 c 

11.18 21.21
c 

40.84 3.41
c 

24.45 

25 523.00
c 

51.76 72.17
d 

63.42 13.80
d 

24.34 29.60
d 

92.96 4.01
d 

51.42 

Means in each column followed by the same letter (s) did not significantly differ at p 0.05.  

The results in this study revealed that decreasing irrigation water level 

significantly decreased root and gross sugar yields of sugarbeet plants. The 
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reduction in yields at irrigation level of 25% of IWR is caused by a decrease in 

biomasses production. (Kirnak et al., 2001). Furthermore, water productivity which 

is the yield or net income per unit of water used (Kijne et al., 2003), is exacted to 

increase under deficit irrigation relative to its value under full irrigation, as revealed 

experimentally for many groups (zwart and Bastiaanssen, 2004; Fan et al., 2005 

and Fereres and Soriano, 2007). Greater reduction in yield of sugarbeet root and 

gross sugar occurred at deficit irrigation levels of 50 and 25% of IWR than at 75%. 

In this concern, many investigators revealed that increasing amount of irrigation 

water increased root yield and gross sugar yield (Mohamadian et al., 2004; Gharib 

and El-Henawy 2011; El-Hawary et al., 2013; Soliman et al., 2013 and Maareg 

et al., 2018b). Increasing draught period resulted in a significant decreased root 

and gross sugar yields (Eid and Ibrahim, 2010; Mehrandish et al., 2012 and El-

Sheref, 2014). Abdel- Naser et al., (2014) reported that irrigation sugarbeet at 60% 

of evapotranspiration (ETP) gave a highest roots yield and gross sugar yield. 

However, El-Kady (2015) observed that sugarbeet plants irrigated at 75% of IWR 

recorded the highest significant white sugar yield, while application irrigation water 

at 100% of IWR gave the heaviest roots yield.  

Also, the results showed that decreasing irrigation water level from 100 to 

25% of IWR significantly decreased gross sugar percent, without significant 

differences between DI levels of 25 and 50%. Many investigators study the effects 

of amount of irrigation water on sugar percent and they found that the highest 

irrigation water volume (2500 m
3
/ fed) results in highest gross sugar percent 

(Sharief et al., 1999 and Maareg et al., 2018b). On the other hand, decreasing 

amount of irrigation water from 3000 to 2500 and 2000 m
3
/fed increased gross 

sugar percent (El-Hawary et al., 2013). However, Neseim et al., (2014) found that 

low irrigation level was not significant differences for gross sugar percent. Abdel- 

Nasser et al., (2014) observed that the highest gross sugar percent was recorded 

at level of 60% of ETP.  

The values of WUEs significantly increase with decreasing the level of 

irrigation water from 100 to 25 % of IWP. In this, respect, Sonble et al., (2010) 

reported that the highest values of WUEs were obtained when sugarbeet plants 

received the lowest amount of irrigation water, while, the lowest ones were recorded 

with plants received the highest amount values of irrigation water. The same results 

recorded by Asgari et al., (2012) and Baigy et al., (2012).  

2. Effects of deficit irrigation levels on root-knot nematode, Meloidogyny 

incognita infecting sugarbeet. 

Data in Table (2) illustrate effect of deficit irrigation levels on population and 

reproduction factor of M. incognita on sugarbeet plant. It was evident that 

suppressive effects of DI levels (25, 50 and 75% of IWR) was recorded as the 

nematode population in the soil and root system at the end of the growing season 
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(180 days after nematode inoculation). Significantly, the less number of parasitic 

nematodes was observed in the soil and root system obtained from pots treated 

with levels of 25%, 50% and 75% of IWR as compared to the pots treated with the 

full irrigation level (100% of IWR) as control treatment. The highest reduction in final 

nematode population "Pf" (89.05%) was recorded with DI level of 25% followed by 

50% and 75% DI levels, with an average of 76.40 and 34.73 %, respectively (Table, 

2). The reproduction factor (RF) at the end of the sugarbeet growing season was 

significantly lower (P 0.05) for sugarbeet plants irrigated at 25, 50 and 75% of IWR 

levels than plants irrigated at 100% level, but plants irrigated at 25% level did not 

differ in their RF from those irrigated at 50% level.  

Table (2). Efficiency of deficit irrigation water level on population density and 

reproduction factor of root-knot nematode, Meloidogyne incognita 

infecting sugarbeet plants under greenhouse conditions. 

Irrigation 
levels 

 (% of IWR) 

Nematode population density 

Reduction 
percent 

Reproduction 
Factor (RF) 

In soil In root system Total 
population 

(Pf) J2 s pot
-1 Developmental 

Stages root
-1 

Females 
root

-1 

 15778.60
a

 2230.40
a

 387.60
a

 18396.60
a 

- 9.20
a 

75 9579.20
b

 2099.80
b

 327.60
b

 12006.60
b 

34.73 6.00
b 

50 3480.60
c

 736.40
c

 125.00
c

 4342.00
c 

76.40 2.17
c 

25 1333.00
d

 670.60
d

 11.00
d

 2014.60
d 

89.05 1.01
c 

Means in each column followed by the same letter(s) did not significantly at p 0.05. 
 

In short, the Pf and RF of M. incognita root-knot nematode were decreased 

significantly (P0.05) with decreasing in irrigation level from 100% to 25%. More 

significant reduction in these parameters were observed as the irrigation decreased 

from 75% to 25% and the lowest Pf (2014.6) and RF (1.01) values were obtained 

with the lowest irrigation level (25%) as shown in Table, 2. Irrigation water is a 

potential factor that affects the growth, development and survival of nematodes 

(Prot, 1979 and Towson and Apt, 1983).  

In the present study, irrigation as the main factor affected nematode 

parameters, including sugarbeet infection in terms of final population and its 

reproduction factor. The final population and reproduction factor of M. incognita 

were much lower for plants irrigated with 25 and 50% levels than those with 75 and 

100% levels. The DI levels decreased M. incognita in sugarbeet accompanied by a 

small reduction in root and sugar yields and sugar percent at the 75% irrigation 

level. DI can be applied to improve the effectiveness of the present control 

strategies to control root-knot nematodes (Jatala, 1985; Noling and Becker, 1994 
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and Mohawesh and Karajeh, 2014) and increase WUEs. Prot (1979) reported that 

the J2s of M. javanica accumulates most highly at the highest moisture content along 

a soil moisture gradient. Low soil moisture content reduces M. hapla population 

density and inhibits nematode activity in the soil (Couch and Bloom, 1960). 

Consequently, managing the amount of irrigation water may reduce nematode 

development and root infection (Zhang and Schmitt, 2001). Also, Colella et al., 

(2014) showed that water deficit significantly reduced plant- pest infestation rate.  

The results of this study showed that DI practices can be a beneficial 

technique to increase crop yield production per cubic water unit, and to reduce 

nematode infection. Little reduction in roots and sugar yields was observed at the 

75% irrigation level, but root- knot nematode infection and population size were 

significantly reduced (P0.05). In conclusion, deficit irrigation to achieve 75% of 

water requirement is suitable to increase WUE as well as to enhance the 

effectiveness of current integrated control strategies to control M. incognita without 

greatly affecting crop performance which ultimately results in increased yield. 
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  تقييم تأثير تناقص كمية مياه الري علي إنتاجية بنجر السكر 

  (Meloidogyne incognita)ومقاومة نيماتودا تعقد الجذور 
 

  

إبراهيم محمد عبده ، *كمال محمد عجمي،  **ي، عبد المنعم الجند*معارج يمحمد فتح

  *جوهر

  .قسم وقاية النباتات، معهد بحوث المحاصيل السكرية، مركز البحوث الزراعية، جيزة، مصر    *

  .قسم الحيوان الزراعي والنيماتولوجي، كلية الزراعة، جامعة القاهرة، جيزة، مصر  **
  

 الملخص العربي
  

تقييم تأثير ا للتناقص الشديد في الموارد المائية كان الهدف الرئيسي من هذه الدراسة هو نظرً 

تناقص كمية مياه الري علي إنتاجية بنجر السكر وتعداد ومعدل التضاعف لنيماتودا تعقد الجذور 

وكذلك كفاءة الاستفادة ، في التربة والموجودة داخل جذور بنجر السكر" ميليدوجين انكوجينيتا"

ة بكمية مياه مقارن% ٢٥، ٥٠، ٧٥ولذلك استخدم ثلاثة معدلات من مياه الري  .من مياه الري

  .تحت ظروف الصوبة%) ١٠٠(الري الشائع استخدامها

  :تي الآوأسفرت النتائج عن 

بتناقص معدل كمية الري  ل السكر ونسبة السكر نقصت جوهري�امحصول الجذور ومحصو  -

أما  ، )في محصول الجذور% ١٠٠، ٧٥بين معدلي الري  مع عدم وجود فرقاً جوهري�ا(

  .لكمية مياه الري% ١٠٠مقارنة بالمعدل  الري زادت جوهري�ا كفاءة الاستفادة من مياه

، ٢٥الجذور والسكر ونسبة السكر مع معاملات الري  صولينقص في مح ىكان أعل -

قل كفاءة عند أو % ٢٥كفاءة باستخدام مياه الري عند المعاملة   أعلىكما وجد أن %. ٥٠

 .من كمية مياه الري% ١٠٠المعدل 

مع  لنيماتودا تعقد الجذور قل جوهري�اكما وجد أن التعداد النهائي ومعدل التضاعف  -

،  ٥٠(للري  أقل معدليا مع ا جوهري� خفضً  أعلىوكان % ٢٥، ٥٠، ٧٥معدلات الري 

٢٥.(% 

بينما ، الجذور والسكر ونسبة السكر يفي محصول أقل خفضاحقق % ٧٥معدل الري  -

محصول بنجر السكر  ىاد ومعدل تضاعف النيماتودا علتعد كل من  في حقق نقصًا شديدًا

 .من كمية مياه الري% ١٠٠مقارنة بالمعدل 

في مقاومة نيماتودا تعقد الجذور أو كعنصر من % ٧٥لذلك يمكن استخدام معدل الري 

عناصر المكافحة المتكاملة لتأثيره الشديد في خفض تعداد نيماتودا تعقد الجذور في حقول بنجر 

  .  السكر دون المساس الجوهري للمحصول

 


