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ABSTRACT 

This work was investigated to study the combined effects of water stress levels [60%, 

80%, and 100% of irrigation water requirements (IWR)] and different types of soil mulching 

[non-mulch, organic mulch (paddy straw and sawdust), inorganic mulch (black polyethylene 

film mulch (BPFM)] under drip irrigation system on growth, some physiological 

characteristics, yields and quality of sugar beet crop. The study was conducted   at a private 

farm in the vicinity of Cairo-Alexandria Desert Road, Egypt (30° 14' 14.59˝ N latitude and 

30° 46' 53.90˝ E longitude) during 2017/2018 and 2018/2019 seasons. The experimental 

design used was a split plot in a randomized complete blocks arrangement with three 

replications. The results revealed that most of growth, physiological and yield characteristics 

significantly increased by increasing irrigation levels from 60% up to 80 or 100% of irrigation 

water requirements (IWR) in both seasons. On the contrary, quality parameter of sugar beet 

decreased by increasing irrigation levels from 60% to 100% of IWR. Covering soil with 

inorganic mulch (black polyethylene film mulch (BPFM)) was significantly more efficient for 

the growth, physiological and yield parameters followed by organic cover (paddy straw and 

sawdust) compared to non-mulching in both seasons. The distribution of stomata density of 

the leaf increased as water stress level increased. There were slight differences between full 

the irrigation (100%) and moderate stress (80% of IWR) for stomata closure % but stomata 

closed under severe stress (60% of IWR). The results also showed that, all mulching types 

under the three water stress levels had positive effects and increased stomata area, but stomata 

density and its index as well as stomata closure% decreased compared with non-mulch. 

Finally, the highest sugar yield (ton fed
-1

) was observed under moderate stress (80% of IWR) 

and covering soil by BPFM. 

 

Key words: Sugar beet, mulch materials, deficit irrigation, growth, physiological traits, 

stomata. 

 

1. INTRODUCTION  

A great intension must be paid to 

improve water management in farming 

systems. In line with sustainable agriculture, 

it has become mandatory apply to the 

appropriate methods to conserve water 

required for crop production in the field, 

especially in newly reclaimed areas. 

Drought is the major cause of yield and 

economic losses for the sugar beet crop. The 

National Water Resources Plan in Egypt 

estimates that the total cultivated areas 

would increase to 4 .830. 000 ha by 2030. 

The current water shortage in Egypt is 13.5 

billion cubic meter per year (BCM/yr) and is 

expected to continuously increase, to reach 

26 BCM/yr in 2025 in the case of 

continuation of current policies 

(AQUASTAT, FAO 2016). Water 

management efficiency is a key issue for 

sustainable agriculture development, since it 

is necessary to get a higher biomass.  

In Egypt, limited water and agricultural    

land in addition to climate change, 

predictions of increase in temperature and 

decrease in rainfall are problematic in recent 

years. Therefore, there is a need for a 

strategy that depends on modern methods 

and new techniques of irrigation to save 

water.  
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Insufficient water availability is the major 

cause for sugar beet (Beta vulgaris L.) yield 

loss worldwide and causes greater yield loss 

to crops than any other single biotic or 

abiotic factor (Pidgeon et al. 2006). 

Insufficient water inhibits the 

photosynthesis of plants, and thus reduces 

growth and development (Gong et al. 2005). 

It also causes the decrease of leaf turgor 

potential and transpiration rate (Özenç, 

2008). Many cellular functions of plants, 

such as nitrogen metabolism, enzyme 

activities, protein synthesis and cell 

membrane function can also be impaired 

under drought stress (Saneoka et al., 2004). 

Masri et al. (2015) revealed that drip 

irrigated sugar beet plants with 75% of 

irrigation water requirements (IWR) 

recorded the highest significant leaf area 

index, sucrose %, purity%, extractable 

sugar% and white sugar yield. Malik (2017) 

indicated that irrigation regimes [full 

irrigation, 20%, 40% and 60% of FI] 

significantly affected all the yield 

components and water use efficiency of 

sugar beet. Amr et al. (2017) revealed that 

drip irrigation system with 1322 m
3
 water 

/fed (60 % of IWR) gave the best yield and 

good quality of sugar beet crop.  

Mulching is a practice of covering the 

soil surface with plastics, organic and non 

organic materials to reduce evaporation, 

conserves soil moisture and improves 

irrigation efficiency. Drip irrigation in 

combination with mulch is one of the best 

irrigation methods and cultural practice 

which can be used to reduce water 

requirements (Jalota and Prihar, 1998). The 

negative impacts of water stress may be 

minimized by employing mulching with 

suitable materials (Kader et al., 2017). The 

organic mulching materials, such as straw, 

sawdust and dry grass, have been used to 

retain soil moisture by reducing soil-water 

consumption/loss, stimulate microbial 

activity, enhance oxygen availability to 

roots, moderate soil temperature; increase 

nutrient availability (Zribi et al., 2015), 

reduce fertilizer leaching, control weeds and 

increase plant growth, yield and quality 

(Arora et al., 2011).   Artyszak et al. (2014) 

reported that different types of straw 

mulches increased root and sugar yields of 

sugar beet compared to no-mulch treatment. 

Malik et al. (2018) concluded that 

application of surface mulches enhanced 

water use efficiency of sugar beet and 

produced 11.96 to 19.45% higher root yield, 

than No-Mulch treatment.  

Therefore, the present study was 

conducted to determine the optimum and 

efficient amount of irrigation water 

application, and suitable mulching types 

which will improve growth, yield and 

quality of sugar beet.  

 

2. MATERIALS AND METHODS 
The experimental work was performed at 

a private farm behind Cairo-Alexandria 

Desert Road, Egypt (30° 14' 14.59˝ N 

latitude and 30° 46' 53.90˝ E longitude) 

during 2017/2018 and 2018/2019 seasons 

under drip irrigation system. A split plot 

design in randomized complete blocks 

arrangement with three replications was 

used to evaluate the effect of three water 

stress levels [60% (severe stress), 80% 

(moderate stress) and 100% (well water) of 

irrigation water requirement (IWR)] and 

their combinations with four mulch types 

viz., (control) without mulch, two organic 

mulches (paddy straw and Sawdust, 10 cm 

thickens) and inorganic mulch, (black 

polyethylene film mulch (BPFM), with 50 

microns thickens). Main plots were devoted 

to water regime treatments, while sub plots 

were randomly occupied by mulching types. 

The experimental units area was 12 m
2
 (5 

ridges, 4 m long and 60 cm apart). Sugar 

beet was sown on ridges 60 cm apart and 20 

cm between hills. Sugar beet multi-germ 

variety Faten was sown at the first week of 

October in both seasons. Nitrogen was 

added in the form of ammonium nitrates 

(33.5% N) at a rate of 120 kg N/fed in five 

equal splits doses. The first was applied 

after thinning at 4-leaf stage and other splits 

were added at two weeks intervals after the 

first doses. Phosphorous in the form of 

calcium super phosphate (15.5% P2O5) at 

the rate of 200 kg /fed and compost (5 tons 

/fed) was added during land preparation. 

Potassium in the form of potassium sulfate 

(48% K2O) was added at the rate of 48 kg 

/fed with the last does of nitrogen fertilizer. 

Organic mulching was done before planting. 

Plastic mulch was carefully spread over the 

plots and holes were punched, where 

seedlings were to be established.Other 

culture practices were done according to the 
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Sugar Crops Research Institute (SCRI) 

recommendation. Soil (0-20, 20-40 and 40-

60 cm depth) and water samples were 

collected from the experimental site to 

determine its physical and chemical 

properties using the methods described by 

Cottenie et al. (1982) as shown in Tables (1 

and 2). 

2.1.Calculation of irrigation water 

requirements 
Irrigation water requirements were 

determined using Blaney and Criddle (1962) 

method:  

  
Es

DdKET
IR

c0
c


  

Where: IRc = total actual irrigation water 

requirements (mm/intervals), ETo = 

evapotranspiration (mm/day) was calculated 

according to CROPWAT program (Smith, 

1991), Kc = crop coefficient (Doorenbos and 

Kassam, 1979), Dd = time intervals and Es = 

system efficiency (%). 

Metrological data of the experimental 

site according to Chapman and Praft (1961) 

at Southern Tahrir region are illustrated in 

Table (3). Values of crop factor (Kc) through 

the growing seasons are shown in Table (4). 

Table (5) exhibits the average amounts of 

water applied (m
3
/fed) throughout the 

growing seasons for the three studied water 

stress treatments under drip irrigation 

systems. 

2.2. Studied characters 

2.2.1. Growth traits 
Three samples were taken at 105, 135 

and 165 days after planting (DAP), each 

sample (five guarded plans) was separated 

into foliages and roots to determine total 

dray weight (g/plant) and leaf area(cm
2
). For 

leaf area measurement, the disk method was 

followed according to Watson (1958). The          

following growth parameters were 

calculated: 

1. Leaf area index (LAI) = leaf area per 

plant (cm
2
) / Plant ground area (cm

2
) 

2. Crop growth rate (CGR) (g. week
-1

). 

CGR = (W2 - W1) / (T2 - T1) 

3. Relative growth rate (RGR) (g.g
-

1
.week

-1
) (Watson, 1958).  

RGR = (ln W2 - ln W1) / (T2 - T1) 

4. Net assimilation rate (NAR) (g.cm
-

2
.week

-1
) (Radfords, 1967). 

NAR = (W2 - W1) (ln A2 - ln A1) / (A2 - A1) (T2 - T1). 

Where: W1, A1 and W2, A2, refer to dry 

weight per plant and leaf area at time T1 and 

T2, respectively. 

Table (1): Physical and chemical properties of the soil samples  of the experimental site 

(average of two seasons). 

Soil layer 

(cm) 

Particle size 

distribution % Texture class 
Moisture content (%) 

Sand Silt Clay F.C  W.P  A.W 

0-20 

20-40 

40-60 

91.5 

94.0 

95.2 

6.5 

4.3 

3.5 

2.0 

1.7 

1.3 

Sandy 

14.8 

15.2 

15.5 

5.9 

6.2 

5.9 

8.7 

9.5 

10.1 

Soil layer 

(cm) 
SAR PH 

EC 

(dS/m) 

Soluble anions 

 (meq /l) 

Soluble cations 

 (meq /l) 

CO3
--

 HCO3
-

 Cl
-

 SO4
--

 Ca
++

 Mg
++

 Na
+

 K
+

 

0-20 

20-40 

40-60 

0.95 

1.23 

1.52 

7.90 

8.10 

8.00 

0.50 

0.32 

1.60 

0.1 

0.1 

0.1 

0.50 

0.50 

1.00 

3.50 

2.00 

10.5 

0.98 

0.68 

4.48 

1.60 

1.10 

  4.53 

0.50 

0.50 

2.51 

2.85 

1.60 

8.72 

0.13 

0.08 

0.32 

 

Table (2): Chemical analysis of irrigation water 

PH 
EC     

(dS/m)  

Soluble anions  (meq/l) Soluble cations (meq/l) 
SAR 

CO3
-- 

HCO3
- 

Cl
- 

SO4
-- 

Ca
++ 

Mg
++ 

Na
+ 

K
+ 

7.30 5.00 0.1 2.4 48 16.13 22.8 16.2 26.8 0.73 6.06 
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2.2.2. Biochemical analyses 

After 120 days from planting random 

samples were taken from each sub plot to 

determine the following: 

1. Photosynthetic pigments (mg/g f.w.) 

i.e. chlorophyll a, b and carotenoides 

according to Wettstein (1957).  

2. Proline content was estimated by the 

ninhydrin method as cited by Bates et 

al. (1973). 

2.2.3. Leaf relative water content (LRWC 

%) was estimated according to the method 

of Weatherly (1950). Samples (0.5 g) of 

leaves were saturated in 100 ml distilled 

water for 24 h and their turgid weights were 

recorded. Then, they were oven-dried at 

65°C for 48 h and their dry weights were 

recorded. LRWC was calculated as follows:  
LRWC (%) = [(FW – DW) / (TW – DW)] × 100 

Where: FW, DW and TW are fresh, dry and 

turgid weights, respectively. 

2.2.4. Quality parameters 

At harvest (210 DAP), a sample of ten 

roots were taken at random from each sub 

plot cleaned and sent to the Sugar Beet 

Laboratory at Nubaria Sugar Factory, El-

Beheira Governorate, Egypt, to determine 

the following: 

Table (3): Average agro-meteorological data of Southern Tahrir region (average of two seasons). 

Month 

Max. 

temp  

(C
°
) 

Min. 

temp 

 (C
°
) 

Relative 

humidity  

(%) 

Wind speed 

(km/day) 

Sunshine  

(hr) 

Evapotranspiration 

(ET
°
)  

(mm) 

October 30.4 14.5 57 8.4 8.4 4.98 

November 25.4 10.4 69 7.4 7.4 2.73 

December 21.3 6.9 69 6.2 6.2 2.14 

January 19.8 5.6 67 6.1 6.1 2.29 

February 21.2 7.3 65 7.0 7.0 2.97 

March 23.8 10.9 63 7.8 7.8 3.71 

April 28.2 11.4 56 8.7 8.7 5.04 

Average/year 28.2 12.6 58 8.5 8.5 4.45 
Source: Southern Tahrir agro-meteorological station 

Table (4): Crop factor (Kc) through the growing season of sugar beet in the semi-arid region (FAO, 

1979). 

Initial Crop development Mid-season Late-season 
Total 

(days) 

Time 

(days) 

Kc Time 

(days) 

Kc Time 

(days) 

Kc Time 

(days) 

Kc  

210 

30 0.35 60 0.35˃Kc˂1.2 60 1.2 60 1.2˃Kc˂0.7 

 

Table (5): Amounts of applied irrigation water requirements (IWR) (m
3
/fed) throughout 

growing season. 

Days from 

planting 
Growth stage 

Amount of water (m
3
/feddan*) 

60% 80% 100% 

1 
Initial 158.3 158.3 158.3 

30 

31 
Development 260.2 433.7 433.7 

90 

91 
Mid-season 462.6 616.8 771.0 

150 

151 
Late-season 709.9 946.5 1183.1 

210 

Total in the season 1591.0 2155.3 2546.1 

feddan (fed) = 4200 m2 
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1. Sucrose percentage: was estimated by 

using sacharometer lead acetate extract 

of fresh macerated roots according to 

Carruthers and Oldfield (1960). 

2. Juice impurities: in terms of Alpha 

amino nitrogen (α-amino N), Sodium 

(Na) and Potassium (K) concentrations 

according to the procedure of Sugar 

Company by Auto Analyzer as described 

by Cooke and Scott (1993), and 

calculated using the following formula: 

Juice impurities = 0.343(K + Na) + 0.094 

α-amino N + 0.29. 

3. Extractable sugar percentage (ES%) 

was estimated according to Reinefeld et 

al.(1974) by using the following formula:  

ES% = pol% - [0.343(K + Na) + 0.094 α-

amino N + 0.29]. 

Where: Pol% = sucrose percentage 
4. Juice purity percentage = (ES% /pol) × 100 

2.2.5. Yields 
At harvest, root weight per plot was 

obtained and used to calculate:  

1. Root yield (ton fed
-1

).  

2. White sugar yield (ton fed
-1

) = root 

yield (ton fed
-1

) × (extractable sugar % 

/100). 

2.2.6. Leaf stomata measurements: The 

morphological changes of stomata (stomata 

density (No. mm
2
), area (µm), stomatal 

closure % and its index) for abaxial and 

adaxial surface of fully expanded mature 

leaves were measured through Transmission 

Electronic Microscope (TEM) Model JEOL 

(JEM-1400 TEM, Japan) linked with the 

software program at TEM lab (FA-CURP), 

Faculty of Agriculture, Cairo University 

Research Park. The leaf stomata index (SI) 

was estimated using the following formula: 
               SI =            Number of stomata            × 100                  

Number of stomata + epidermis cell 

2.3. Statistical analysis 

Collected data were statistically analyzed 

according to Snedecor and Cochran (1989). 

Treatment means were compared using least 

significant difference (LSD) at 5% level of 

probability. 

 

3. RESULTS AND DISCUSSION 

3.1. Effect of water stress levels  

3.1.1. Growth traits  
Results in Tables (6) show that, crop 

growth rate (CGR), net assimilation rate 

(NAR), relative growth rate (RGR) and leaf 

area index (LAI) significantly decreased by 

increasing water deficit from 100% to 60% 

of the irrigation water requirements (IWR) 

in both seasons, with exception  RGR during 

135-165 days after planting (DAP). The 

highest values of CGR (13.12, 12.31g/week) 

and (13.58, 12.46 g/week) in the 1
 st

 and 2
 nd

 

seasons were obtained under complete 

irrigation condition at the two sampling 

dates, respectively. However, NAR values 

were the highest (3.12, 2.60 and 3.13, 2.65 

g/cm
2
/week) at the two growth stages under 

80% of irrigation water requirements. Also 

the pervious treatment gave the highest LAI 

values (3.83 and 4.55) in the 1
st
 and 2

nd
 

seasons, respectively, with insignificant 

differences were noticed between 100 and 

80% of IWR in the 2
 nd

 season. At the 

beginning of the growing season, CGR, 

NAR and RGR were in the highest rate in 

both seasons and then gradually began to 

decrease. This may be due to the fact at the 

beginning of the growing season the leaves 

were fully exposed to light, so their NAR 

was at maximum. At the end of the growing 

season, NAR decreased, results in increases 

in leaf area and the number of leaves per 

plant of sugar beet and thus increase in 

shading among them (Balak, 1993). The 

reduction in CGR, RGR and NAR with 

increasing water stress levels may be due to 

the reduction in cell division and expansion, 

which in turn reduced photosynthetic 

surface of sugar beet plant, stomata closure 

to avoid excessive water losses occurs 

rapidly and is widely recognized as the 

primary effect of drought on carbon 

assimilation Chaves et al. (2002). A similar 

trend was reported by Amr et al. (2017) who 

mentioned that drip irrigation system with 

80% of (IWR) recorded the highest 

significant leaf area index of sugar beet. El-

Sayed et al. (2018) noticed that increasing 

water stress level from 30 up to 70% from 

F.C significantly decreased beet growth. El-

Kady et al. (2019) found that, significant 

increases were detected in leaf area index, 

crop growth rate and net assimilation rate of 

sugar beet plant during the period between 

30 to 90 and 90 to 150 days from planting 

by increasing IWR from 60% up to 100%. 

3.1.2. Photosynthetic pigments, proline 

and leaf relative water content 
The results shown in Table (7) cleared  

that the examined water regimes gave 

significant effect on the values of leaf 
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chlorophyll (a and b), carotenoids, proline 

and leaf relative water content (LRWC) in 

the two seasons. Full irrigation (100% of 

IWR) overpassed the other two water stress 

levels under study for leaf chl. a in the 2
 nd

 

season, carotenoids and LRWC in both 

seasons. Meanwhile, the highest values of 

chl. a in the1
 st

 season and chl. b in the two 

seasons resulted from 80% of IWR with no 

significant differences were seen among 

100% and 80% of IWR for chlorophyll a 

and b in the 1
st
 season. Water stress levels 

80% and 100% of IWR caused significant 

increases amount to (9.07 and 8.29%) and 

(6.53 and 7.79 %) for chl. a, corresponding 

to (30.34 and 30.90%) and (29.51 and 

25.68%) for chl. b and (1.47 and 4.29%) and 

(35.38 and 38.14%) for carotenoids and 

finally (8.33 and 10.10%) and (9.01 and 

11.14%) for (LRWC) in the 1
st 

and 2
nd 

seasons, respectively, compared to water 

regime 60%.Concerning the leaf proline 

concentration (Table 7), proline 

concentration responded rapidly and 

strongly to water stress levels and 

significantly increased by 8.33% with 

moderate drought stress (80% of IWR) and 

by 24.67% with severe drought stress (60% 

of IWR) compared to (100% of IWR)  in the 

2
nd 

season. While (80% of IWR) recorded 

the lowest concentration of proline in the 1
st
 

season as compared with the other water 

stress levels. Decreased photosynthetic rates 

under severe drought stress conditions may 

be due to lower stomata size (Fig.3 and 4) 

and reduced intercellular CO2 

concentrations as a result of stomatal closure 

and CO2 diffusion limitations under reduced 

free water conditions (Chaves et al., 2003). 

Accumulation of proline is regarded as an 

adaptive metabolic acclimation of plants to 

drought stress; proline can act as a free 

radical scavenger. Similar results were 

reported by Neseim et al. (2014), who stated 

that drought stress significantly reduced 

chlorophyll a and total chlorophyll and 

significantly increased free amino acids 

concentrations in leaves of sugar beet plant. 

Azab (2018) stated that high levels of 

drought (75 and 50% field capacity) reduced 

the amount of chlorophyll a, b and total 

carotenoids of sugar beet leaves. 

3.1.3. Yield and quality 
As shown in Table (8), decreasing 

irrigation water quantity from 100 to 60 % 

of IWR significantly reduced root yield by 

2.34 and 4.01 ton fed
-1

and impurities by 

0.99 and 1.36 % in the 1
st
 and 2

 nd
 seasons, 

respectively as well as purity by 3.56% in 

the 2
nd

 season. On the other hand, sucrose% 

significantly increased by 2.44 and 4.50% as 

well as extractable sugar by 3.43 and 5.87 % 

in the 1
st
 and the 2

 nd
 seasons, respectively, 

and sugar yield by 0.55 ton /fed in the 2
 nd

 

season. Irrigated sugar beet plant by 80% of 

IWR recorded the maximum sugar yield in 

the 1
st
 season and exhibited significant 

increase amounted by 0.11and 0.42 ton /fed. 

compared with 60% and 100% water stress 

levels. Despite greater sugar content under 

severe drought (60% of IWR), the root yield 

of sugar beet was less than under full 

irrigation (100% of IWR). These reductions 

in root yield could be due to the depressive 

effect of drought stress on sugar beet 

growth, in terms of LAI, increasing stomata 

closure % and decreasing stomata area 

which were reflected on the lower RGR and 

NAR (Table 6, Fig.3 and4). The reason of 

increasing sucrose % by moderate and 

severe drought stress might be due to the 

fact that under drought, cell size was lower 

since the cells were not expanded to normal 

size. All factors which inhibit cell expansion 

and thereby, the distance between the 

cambium rings shorten the diffusion 

pathway from the phloem to the vacuole of 

single cells, increase the concentration 

gradient and thereby sucrose transport into 

the cell. It also decreasing root water content 

led to increasing sucrose concentration in 

root cells (Bell et al., 1996). This may 

explain why at a given distance between 

rings, the sucrose concentration was higher 

under drought than under sufficient water 

supply. These results are in harmony with 

those reported by Abd El-All and Makhlouf 

(2017) who stated that, irrigating sugar beet 

with 100% ETc obtained the higher root and 

sugar yields, while, 75% ETc obtained the 

higher sugar quality under drip irrigation in 

sandy soil. El-Sayed et al. (2018) found that 

juice quality of sugar beet (sucrose and 

purity) significantly increased as water 

stress increased while juice impurities 

decreased. Increasing water stress level 

significantly decreased root and sugar yields 

of sugar beet (Emara and Hamed, 2019). El-

Kady et al. (2019) found that root and sugar 

yield/fed   were  significantly   increased  by  
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increasing IWR from 60 to 100%. 

3.2. Effect of mulch types 

3.2.1. Growth traits 

Significant effect of mulch types was 

observed on crop growth rate (CGR), 

relative growth rate (RGR), net assimilation 

rate (NAR) and leaf area index (LAI) of 

sugar beet in both seasons (Table 6). All 

mulch types significantly increased growth 

traits compared to non-mulch. Black 

polyethylene film mulch (BPFM) at stage 

105-135 DAP showed superior performance 

in all growth attributes. Meanwhile, straw 

mulch was in the second rank, followed by 

sawdust mulch. These results might be due 

to the fact that sugar beet plant covered by 

polyethylene film mulch (BPFM) with 50 

microns thickness was more efficient on 

water saving by reducing the evaporation of 

the water from the soil more than other 

mulch types and recorded the lower stomata 

closure % and higher size and led to 

increasing intercellular CO2 concentrations 

and assimilation which in turn improved the 

total amount of dry matter accumulated in 

the plant during growth as shown in Fig. (3 

and 4). Also, most mulch in common usage 

is some types of organic material increased 

the humus content of soil where they 

undergo decomposition, activation soil 

microorganisms which improved growth 

traits (Hassan, 1999). Similar trend was 

reported by Sanbagavalli et al. (2017) who 

stated that the straw mulch recorded high 

crop growth rate (CGR) of soybean (12.40 

g/m
2
/day) at 30-45 days after planting. 

3.2.2. Photosynthetic pigments, proline 

and leaf relative water content 

Table (7) indicates that leaf chlorophyll a 

and b, carotenoids, proline concentration 

and leaf relative water content (LRWC) 

were significantly affected by all types of 

mulching in both seasons except proline 

concentration in the 1
st
 season, the 

maximum pigments (chlorophyll a, b) and 

LRWC% were observed under the BPFM 

mulch followed by straw mulch, while the 

minimum values were observed under 

sawdust mulch. In contrast, the highest 

carotenoids content was provided by straw 

mulch in both seasons. All mulching types 

significantly increased the last mentioned 

traits compared to non-mulch in both 

seasons. The increase in leaf pigments of 

mulched plants was possibly due to lower 

stomata closure % with improving 

intercellular CO2 concentrations, especially 

with BPFM mulch as shown in (Fig. 4), In 

addition better availability of soil moisture 

and optimum soil temperature provided by 

the mulches and availability of uptake of 

nutrients. Regarding proline concentration, 

the obtained results proved that proline 

accumulation was lower in mulched plants 

with BPFM followed by rice straw. All 

mulching types recorded the minimum 

proline accumulation compared with non-

mulch in both seasons which might be due 

to the influence effect of different mulch 

types on decreasing the hazard effect created 

by water stress. The same trend was 

observed by Zhang et al. (2015) who 

reported that the highest chlorophyll content 

of maize was recorded by straw mulching 

compared with no mulch. Xue  et al., (2016) 

showed that inorganic and organic mulch 

increased chlorophyll a by 36.3 % compared 

with un-mulching and did not affect proline 

accumulation of tea olive. 

3.2.3. Yield and quality 
Data presented in Table (8) showed that 

all mulching types significantly affected the 

root and sugar yields and quality traits, i.e. 

sucrose%, extractable sugar %, purity % and 

impurities % in both seasons except sugar 

yield in the 2
nd

 season. Polyethylene plastic 

film mulch (BPFM) produced 42.36% and 

40.72% higher root yield in the 1
st
 and the 

2
nd

 seasons respectively, and 6.65% higher 

purity % in the 2
nd

 season and finally 

14.19% higher sugar yield in the 1
st
 season 

compared to the control (non- mulch). In the 

same time, non-mulch treatment recorded 

the highest sugar content (20.55 and 21.70 

%), extractable sugar % (18.49 and 19.38%) 

in the 1
st
 and 2

nd
 seasons, respectively as 

well as purity % (85.88%) in the1
st
 season. 

On the other hand, the non-mulch treatment 

recoded the minimum  sugar  beet  root  

yield (16.43 and17.24 ton fed
-1

) in the 1
st
 

and the 2
nd

  seasons, respectively, and sugar 

yield (3.03 ton fed
-1

) in the 1
st
 season 

followed by sawdust mulch which recoded 

(19.83 and 18.48 ton fed
-1

) root yield in the 

1
st
 and the 2

nd
 seasons, respectively.. The 

same trend was observed by (Hatamian and 

Salehi, 2017and Artyszak et al., 2014) they 

reported higher sugar yield when the sugar 

beet crop was sown in mulched condition in 

comparison  to   no  mulching.  Malik  et  al.  
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Table (6): Crop growth rate (CGR), net assimilation rate (NAR), relative growth rate (RGR) and leaf area index (LAI) of sugar beet plants as affected by different 

irrigation levels and mulch types during 2017/2018 and 2018/2019 seasons. 

Characteristics CGR* (g/week) NAR* (g/cm
2
/week) RGR* (g/g/week) LAI* 

Seasons 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

Periods (DAP*) 105-135 135-165 105-135 135-165 105-135 135-165 105-135 135-165 105-135 135-165 105-135 135-165 

Treatments    Irrigation levels  

100% of IWR* 13.12 12.31 13.58 12.46 3.09 2.57 3.14 2.64 0.083 0.056 0.092 0.064 3.69 4.52 

80% of IWR 13.08 12.22 13.12 11.96 3.12 2.60 3.13 2.65 0.085 0.058 0.098 0.069 3.83 4.55 

60% of IWR 12.32 11.94 12.48 11.37 2.83 2.21 2.77 2.18 0.072 0.050 0.070 0.058 2.93 3.98 

LSD at 5% 0.03 0.04 0.03 0.01 0.01 0.01 0.02 0.05 0.004 NS* 0.002 NS 0.03 0.04 

                                       Mulching types  

No-mulching 12.23 11.88 12.42 10.94 2.72 2.19 2.61 2.13 0.071 0.048 0.076 0.056 3.29 4.15 

BPFM* 13.44 12.34 14.00 12.91 3.21 2.70 3.29 2.78 0.087 0.061 0.097 0.071 3.88 4.59 

Sawdust 12.58 12.26 12.60 11.56 3.00 2.35 3.02 2.43 0.079 0.056 0.085 0.061 3.26 4.25 

Paddy straw 13.12 12.14 13.21 12.31 3.12 2.59 3.14 2.62 0.084 0.053 0.090 0.067 3.50 4.41 

LSD at 5% 0.02 0.03 0.02 0.01 0.02 0.01 0.01 0.02 0.002 0.001 0.001 0.001 0.01 0.04 

Interaction NS NS NS NS 0.03 0.02 0.02 0.04 NS NS NS NS 0.02 0.06 

              CGR= crop growth rate                                                 NAR= net assimilation rate                                     RGR= relative growth rate              LAI= leaf area index 

IWR= irrigation water requirements                            BPFM= black polyethylene film mulch                     NS= non-significant                       DAP= days after planting          

 

Table (7): Photosynthetic pigments, proline accumulation and leaf relative water content (LRWC) of sugar beet plants as affected by different irrigation levels and mulch 

types during 2017/2018 and 2018/2019 seasons. 

Characteristics 
Photosynthetic pigments (mg/g f.w.) proline accumulation 

(u moles/g leaf fresh weight) 
LRWC* (%) 

Chl. a* Chl. b* Carot.* 

Seasons 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

Treatments Irrigation levels  

100% of IWR* 4.18 4.29 2.33 2.30 0.850 1.101 3.15 3.00 86.31 89.14 

80% of IWR 4.21 4.24 2.32 2.37 0.827 1.079 2.97 3.25 84.54 87.01 

60% of IWR 3.86 3.98 1.78 1.83 0.815 0.797 4.00 3.74 76.21 78.00 

LSD at 5% 0.04 0.03 0.03 0.02 0.02 0.015 0.58 0.02 0.39 0.19 

                                    Mulching types  

No-mulching 3.93 3.61 1.83 1.87 0.708 0.798 3.57 3.45 76.71 78.50 

BPFM* 4.21 4.43 2.29 2.33 0.921 1.103 3.33 3.23 85.93 88.61 

Sawdust 4.04 4.27 2.15 2.20 0.829 0.997 3.50 3.34 82.47 84.70 

Paddy straw 4.14 4.37 2.27 2.30 0.866 1.071 3.09 3.30 84.30 87.07 

LSD at 5% 0.02 0.01 0.02 0.01 0.017 0.022 NS* 0.02 0.53 0.34 

Interaction  0.04 0.02 0.03 0.02 NS NS NS 0.03 0.91 0.58 

Chl.a= chlorophyll a                                                                             Chl.b= chlorophyll b                                                    Carot.= Carotene                                          IWR= irrigation water requirements                    

BPFM= black polyethylene film mulch                                                NS= non-significant                                                     LRWC= leaf relative water content 
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Table (8): Root and sugar yields and quality traits of sugar beet as affected by different irrigation levels and mulch types during 2017/2018 and 2018/2019 seasons. 

Characteristics Root yield (ton/fed) Sugar yield (ton/fed) 

Quality parameters  

Sucrose% Extractable  sugar% Purity% Impurities% 

Seasons 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

Treatments Irrigation levels  

100% of IWR* 20.78 22.64 3.06 3.15 17.87 17.79 14.95 14.23 81.85 84.00 2.92 3.56 

80% of IWR 20.76 19.89 3.48 3.25 19.26 19.33 16.91 16.59 82.83 81.90 2.35 2.74 

60% of IWR 18.44 18.63 3.37 3.70 20.31 22.29 18.38 20.10 84.41 80.44 1.93 2.20 

LSD at 5% 1.34 1.08 0.28 0.17 0.72 0.80 0.70 0.71 1.30 2.38 0.16 0.16 

                              Mulching types  

No-mulching 16.43 17.24 3.03 3.32 20.55 21.70 18.49 19.38 85.88 79.89 2.06 2.32 

BPFM* 23.39 24.26 3.46 3.45 17.47 17.50 14.73 14.48 81.40 85.20 2.74 3.03 

Sawdust 19.83 18.48 3.28 3.33 19.03 21.01 16.57 18.23 81.95 81.50 2.46 2.79 

Paddy straw 20.32 21.57 3.44 3.38 19.53 19.00 17.20 15.80 82.89 81.84 2.34 3.20 

LSD at 5% 0.83 1.27 0.24 NS 0.90 1.00 0.87 1.03 1.31 1.89 0.21 0.19 

Interaction 1.43 NS 0.14  NS NS NS NS NS NS NS NS 0.32 

IWR= irrigation water requirements                                                                                                                      BPFM= black polyethylene film mulch                                                   

 

 



M.S. El-Kady et al., ……………………………………………….…………………………….….. 

 

402 

 

(2018) reported that the use of black 

polyethylene film mulch was found better 

compared to straw mulch, and increased root 

yield of sugar beet by 11.96 to 19.45 % over 

non-mulch.  

3.3. Interaction effects 

Results of the interaction between water 

stress levels and mulching types (Figs. 1 and 

2) showed that root yield and LAI in the 1
 st

 

season as well as chlorophyll a and 

impurities % in the 2
nd

 season under Black 

polyethylene film mulch (BPFM) + 100% 

IWR were observed to be significantly 

higher than other treatments, while BPFM + 

80 % of IWR recorded significantly high 

NAR and chlorophyll b in the two seasons 

and sugar yield and chlorophyll a in the 1
 st

 

season. On the other hand, the minimum 

values of the previous traits were associated 

with no mulch + 60 % of IWR in both 

seasons. Concerning proline concentration, 

no mulch + 60% of IWR gave the maximum 

values of proline in the 2
nd

 season, meantime 

the lowest proline contents were recorded by 

straw mulch + 100% of IWR. Similarly, 

Karam (2016) reported that, the highest 

vegetative and yield of potato were obtained 

by polyethylene black mulch treatment 

combined with 100% irrigation 

requirements. 

3.4. Analysis of stoma to morphological 

parameters 

In relation to the morphological changes 

of stomata response to water stress levels 

and mulch types, the microscopic analysis 

(images a, b, c, and d) showed that water 

 

 
Fig. (1): Net assimilation rate (NAR) (g/cm

2
/week), leaf area index (LAI), chlorophyll a and 

b (mg/g f.w.), root yield (ton fed
-1

) and sugar yield (ton fed
-1

) of sugar beet plants as 

affected by significant interaction between different irrigation levels and mulch 

types during 2017/2018 season. 

 
Fig. (2): Net assimilation rate (NAR) (g/cm

2
/week), leaf area index (LAI), chlorophyll a 

and b (mg/g f.w.), proline (u moles/g) and impurities % of sugar beet plants as 

affected by significant interaction between different irrigation levels and mulch 

types during 2018/2019 season. 
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deficit and mulch types affected stomata 

density, size, stomata closure % and its 

index % (the percentage of stomata number 

to the total cell number on a given leaf area). 

Individual response to increased water-

deficient and different mulch types was 

observed for each parameter of stomata. A 

negative relationship between stomata 

density and size or area was found by 

(Doheny et al., 2012). The distribution of 

stomata density between both lower surface 

(abaxial) and upper surface (adaxial) of the 

leaves was increased in a much more 

pronounced way for the abaxial than the 

adaxial leaf surface as water stress levels 

increased (Fig. 3). Another different 

behavior for stomata closure % was found 

(Fig. 4) with decreasing the amount of 

irrigation water from 100% to 80% and 60% 

of IWR, there were slight differences 

between full irrigation (100%) and moderate 

stress (80% of IWR) but stomata were 

closed under severe stress (60% of IWR) as 

a result of loss of guard cell turgor pressure. 

All mulching types under different water 

stress level had positive effects and 

increased stomata area but decreased 

stomata density and its index as well as 

stomata closure percentage compared with 

non-mulch (Figs. 3 and 4). The microscopic 

analysis (Image a, b, c, and d) showed that: 

the higher stomata area, lower stomata 

density (Fig. 3) and stomata closure % (Fig. 

4) were recorded by black polyethylene film  

 

 
Fig. (3): Stomatal area (µm) and density (No. mm

-2
) for upper and lower surfaces of sugar 

beet leaf as affected by different irrigation levels and mulch types (average of two 

seasons). 

 

 
Fig. (4): Stomatal closure% and stomata index (SI %) for upper and lower surfaces of sugar 

beet leaf as affected by different irrigation levels and mulch types (average of two 

seasons). 
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Image a: Electron microscopic images (magnification 250 x and 2000 x) of (upper) adaxial 

surface stomata of sugar beet leaf under black polyethylene film mulch (BPFM) 

with 100% of IWR. 

  
Image b: Electron microscopic images (magnification·250 x and 2000 x) of (Lower) abaxial 

surface stomata of sugar beet leaf under black polyethylene film mulch (BPFM) 

with 100% of IWR. 

  
Image c: Electron microscopic images (magnification 250 x and 2000 x) of (upper) adaxial 

surface stomata of sugar beet leaf under 60% of IWR (severe treatment) with non-

mulch. 

  
Image d: Electron microscopic images (magnification·250 x and 2000 x) of (lower) abaxial 

surface stomata of sugar beet leaf under 60% of IWR (severe treatment) with non-

mulch. 
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mulch (BPFM) with 100 % of IWR (Images 

a and b). Water deficit at 60 % of IWR 

(severe treatment) with non-mulch affected 

all stomata parameter and recorded the 

highest stomata closure %, an increase in 

density and reduce dimensions (Images c 

and d). Franks et al. (2009) suggested that 

taking into account the leaf area limitation, 

there is a point when the only way to 

increase stomata conductance is by 

decreasing stomata size and increasing 

density. Many researchers indicated that 

drought stress results in increasing stomata 

density; McCree and Davis (1974) in 

sorghum; Zhang et al. (2006) in wheat; and 

a decrease in stomata size. Spence et al. 

(1986) reported that high density and small 

size of stomata may enhance adaptation of 

plant to drought; it allows plants to be more 

efficient in regulation of water transport and 

transpiration (Dickison, 2000). 

Conclusions 

Evaluating sugar beet crop under dry 

climatic conditions in sandy soil, revealed 

that most of physiological and yield 

characteristics significantly increased by 

increased irrigation levels from 60% up to 

80 and 100% of irrigation water 

requirements (IWR) in both seasons. Vice 

versa, proline and quality parameters of 

sugar beet plants decreased by increase 

irrigation levels from 60 % to 100 % of 

IWR. On the other hand, covering soil by 

inorganic mulch [black polyethylene film 

mulch (BPFM)] was significantly more 

efficient on the physiological and yield 

parameters followed by organic cover 

(paddy straw and sawdust) compared to 

non-mulching in the two seasons. Finally, 

the highest sugar yield (ton fed
-1

) was 

observed under 80 % (moderate stress) of 

IWR and covering soil by black 

polyethylene film mulch (BPFM) under 
drip irrigation system. 
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 علي النمو وبعض الخصائص الفسَولوجَت  تغطَت التربتلالمختلفت  طرقالتأثَر مستوٍاث الرً و

  والانتاجَت لمحصول بنجر السكر المنزرع بالأراضٌ الجذٍذة

 

 اللبودى سَذ احمذ حنفٌعصام  -عبذ الفتاح  محمذاٍمان  - محمذ سعَذ القاضٌ

 

 .ِصش -اٌج١ضج -ِشوض اٌثحٛز اٌضساػ١ح -ِؼٙذ تحٛز اٌّحاص١ً اٌسىش٠ح

 

 ملخص

%) اٌّحسٛتح ِٓ 60%  ، 80% ، 100اٌرأث١ش اٌّشرشن ٌّسر٠ٛاخ الاجٙاد اٌّائٟ (خترثاس ال١ّد ٘زٖ اٌذساسح لا

ذحد ٔظاَ اٌشٞ تاٌرٕم١ظ، تالإضافح اٌٝ ذغط١ح اٌرشتح تاٌطشق اٌّخرٍفح (ػذَ  تٕجش اٌسىش  ٌّحصٛي الاحر١اجاخ اٌّائ١ح

اٌرغط١ح، اٌرغط١ح تّٛاد ػض٠ٛح (لش الاسص أٚ ٔشاسج اٌخشة)، اٌرغط١ح تّٛاد غ١ش ػض٠ٛح (اٌثلاسر١ه الاسٛد اٌّصٕغ ِٓ 

إٌّضسع ٌّحصٛي تٕجش اٌسىش ٚصفاخ اٌجٛدج  ١ٌٗٛاٌخصائص اٌفس١ٌٛٛج١ح ٚاٌّحص تؼض ٚ إٌّٛ اٌثٌٟٛ ا٠ث١ٍٓ) ػٍٝ

، ِصش ِٕطمح جٕٛب اٌرحش٠شتأحذ الأساضٟ اٌجذ٠ذج تّضسػح ختاصح تجٛاس طش٠ك ِصش اسىٕذس٠ح اٌصحشاٚٞ تجٛاس 

ذُ اسرخذاَ ذص١ُّ اٌمطغ إٌّشمح ِشج ٚاحذج فٟ ذص١ُّ اٌمطاػاخ .  2018/2019ٚ  2017/2018ي ِٛسّٟ ختلا

 .ثلاز ِىشساخاٌؼشٛائ١ح اٌىاٍِح فٝ 

 ٚلذ أظٙشخ إٌرائج اٌراٌٟ:

ِؼ٠ٕٛا تض٠ادج الاحر١اجاخ اٌّائ١ح ٌٍّحصٛي ِٓ ٌّحص١ٌٛٗ ٌثٕجش اٌسىش ااٌصفاخ اٌفس١ٌٛٛج١ح ٚصفاخ إٌّٛ ٚ صادخ. 1

، ت١ّٕا  % 80% اٚ 100دْٚ ٚجٛد فشق ٚاضح ٌثؼض اٌصفاخ ػٕذ اٌشٞ تّسر٠ٛاخ  % 100ٚ  80% اٌٝ 60

% ِٓ الاحر١اجاخ اٌّائ١ح اٌّحسٛتح ختلاي ِٛسّٟ 100 % اٌٝ  60أخفضد صفاخ اٌجٛدج تض٠ادج ِسر٠ٛاخ اٌشٞ ِٓ 

 اٌذساسح.

  ذفٛلد ِؼ٠ٕٛا طش٠مح ذغط١ح اٌرشتح تاٌثلاسر١ه الاسٛد اٌّصٕغ ِٓ ختاِح اٌثٌٟٛ ا٠ث١ٍٓ ِرثٛػح تاٌرغط١ح تاٌّٛاد اٌؼض٠ٛح . 2

ٚاٌّحص١ٌٛح ٌّحصٛي تٕجش اٌسىش ِماسٔح تؼذَ  اٌصفاخ اٌفس١ٌٛٛج١ح صفاخ إٌّٛ ٚ ة) فٟ( لش الاسص ٚ ٔشاسج اٌخش

 اٌرغط١ح ٌسطح اٌرشتح ٚرٌه ختلاي ِٛسّٟ اٌضساػح.

ذأث١ش الاجٙاد  ت١ٓ صفح غٍك اٌثغٛسفٟ  حق طف١فٚصادخ وثافح اٌثغٛس تض٠ادج ِسر٠ٛاخ الاجٙاد اٌّائٟ. واْ ٕ٘ان فش. 3

 ٍِٚحٛظ ذحد ذأث١ش الاجٙاد اٌّائٟ ا  %) ٌٚىٓ ٘زا اٌفاسق واْ ٚاضح 100اٌشٞ اٌج١ذ ( ٚ%) 80 اٌّائٟ اٌّؼرذي (

 %). 60اٌشذ٠ذ (

صادخ ِساحح اٌثغٛس لأٚساق تٕجش اٌسىش تشىً ٚاضح ذحد ذأث١ش الأٛاع اٌّخرٍفح ِٓ ذغط١ح اٌرشتح سٛاء اٌؼض٠ٛح اٚ . 4

، ت١ّٕا ػٍٝ اٌؼىس أخفضد وثافح اٌثغٛس ٚٔسثح ذحد ِسر٠ٛاخ اٌشٜ اٌّخرٍفح ؼض٠ٛح ِماسٔح تؼذَ اٌرغط١حاٌغ١ش 

 اٌثغٛس اٌّغٍمح ٚد١ًٌ اٌثغٛس.

% ِٓ الاحر١اجاخ اٌّائ١ح ٌٍّحصٛي (اجٙاد ِؼرذي) 80ذحمك اػٍٝ ِحصٛي سىش ( طٓ/اٌفذاْ) ػٕذ اٌشٞ تّسرٜٛ . 5

 اٌثٌٟٛ ا٠ث١ٍٓ.ٚذغط١ح اٌرشتح تّادج اٌثلاسر١ه الاسٛد اٌّصٕؼح ِٓ ختاَ 
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