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The effect of potassium fertilization and foliar spray of yeast on vegetative growth, chemical composition 
and sugar beet yield as well as its attributes under drought stress were investigated. In this study, three 
potassium sulphate 48% doses (50, 75 and 100 kg/Fed) were applied after 30 days after planting and foliar 
spray of yeast (0, 10 or 14 g/l) was repeated two times at 45 and 60 days after planting as sub-plot of two 
irrigation treatments, i.e. control (10 irrigation times) and low water level (6 times). Two samples were 
taken at 130 and 180 days from planting for morphological and chemical studies. At harvest, sugar beet 
yield is determined and their attributes at 205 days. Drought stress significantly reduced all root and 
leaves morphological growth characters, chlorophyll a and total chlorophyll concentrations, root yield 
and white sugar/Fed in both samples. While the total soluble phenols and free amino acids 
concentrations in leaves and roots were significantly increased. Meanwhile, no significant differences 
found in the percentage of sodium, potassium, alpha-amino nitrogen, impurities, sucrose, sucrose 
recovery, sugar loss molasses (SLM), purity (PUR) and total soluble solids (TSS). Finally, the 
recommended K dose (75 kg/Fed) in combination with yeast (14 g/l) recorded the highest yield, sucrose 
%, water use efficiency and the lowest impurities % under drought stress. Also, the application of 100 
kg/Fed potassium fertilization in combination with 10g/l yeast recorded the highest root yield and white 
sugar yield, water use efficiency as well, under sufficient irrigation. 
 
Keywords: Beta vulgaris, sugar beet, growth, yield, chemical composition, drought, Potassium fertilization, white 
sugar, drought stress, foliar spray of yeast, physiological properties 

 
 
INTRODUCTION 
 
Sugar beet, (Beta vulgaris, L) is the main commercial root 
sugar crop all over the world, especially in Egypt. Sugar 
beet is a member of Amaranthaceae. The sugar world is 
about 140 million tons (Mt) 2004 then, 168 Mt in 2011. 
FAO    2013    estimated    2%    annual increase  in  sugar  
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production to reach 212 Mt at 2022. In Egypt, raw sugar 
production from beet and cane was about 1083 and 917 
thousand tons in 2012/2013 and 850 and 950 thousand 
tons in 2011/2012, respectively. The number depicts an 
increase in beet sugar production and a decrease in sugar 
cane production, which is attributed to high sugar 
concentration (13-18%) compared to cane (10%) and low 
water consumption. In the last years, Egypt has been 
suffering    from   severe  water  scarcity.  Unequally  water  



 
 
 
 
distribution, misuse of water resources and inefficient 
irrigation techniques are major factors playing a role in 
water scarcity. The River Nile is the country lifeline as it 
services the country’s industrial, agricultural demand and 
the primary drinking water source (Dakkak, 2013). Nile 
water represents 97% of water availability in Egypt; its 
annual flow is 55.5billion m

3
/year. The other water 

resources rainfall, fossil groundwater extraction, as well as, 
the reuse of spilled water resources. Egypt, annually, is 
going on a water deficit around 7 billion m

3
. In fact; the 

United Nations is already warning that Egypt could run out 
of water by the year 2025, (Texas Water Report, 2014). 

Furthermore, the most prominent challenge is Ethiopia 
Renaissance Dam which will cause for Egypt a huge water 
share reduction. Due to the threats surge concerning water 
in Egypt, the country seeks in decrease sugar production-
consumption gap either by growing area of cultivated lands 
or selection of better cultivars. In addition, Egypt seeks to 
reduce the water misuse and increase the water use 
efficiency. 

Brown et al. (1987) mentioned that leaf water potential 
decreased with drought stress, which influenced leaf 
expansion through leaf turgor that led to a reduction in 
plant growth. Hang, and Miller (1986b) indicated that dry 
matter production increased with increasing water applied, 
and  Clover et al. (1999) mentioned that drought reduced 
total plant weight due to the reduction in light interception. 
Wang et al. (2013) affirmed that plants subjected to the 
drought stress resulted to formation of ROS that led to leaf 
damage and decreasing crop yield. Grzebisz et al. (2013) 
stated that the roots of the plant subjected to the drought 
stress tended to grow faster to create more favourable 
conditions to get water and nutrient supply. There is some 
evidence supported the role of potassium fertilization to 
enhance the plant growth under stress. Wang et al. (2013) 
and Salami and Saadat (2013) pointed out that K played 
an essential roles in enzyme activation, protein synthesis, 
photosynthesis, osmoregulation, stomata movement, 
energy transfer, phloem transport, cation-anion balance 
and stress resistance. Also, some natural bio-substances, 
i.e. yeast have stimulating, nutritional and protective 
functions on the plant against many abiotic stresses. 
Shehata et al. (2012) mentioned that yeast is an enriched  
source of phytohormones especially cytokinins, vitamins, 
enzymes, amino acids and minerals  as well as has a 
stimulatory effect on the cell division and enlargement, 
protein and nucleic acids synthesis, chlorophyll formation 
and protective role against different stresses. Therefore, 
the increasing of potassium fertilization level and as using 
foliar spray of yeast was investigated to have an increase 
in the sugar beet yield productivity as well as sugar quality 
under drought stress conditions. 
 
MATERIALS AND METHODS 
 
Two field experiments were carried out in  The  Agricultural 

 
 
 
 
Research And Experimental Station, Faculty of Agriculture, 
Cairo University, Giza, Egypt during the two successive 
seasons 2011/2012 and 2012/2013. The study included 
the application of basal potassium fertilization and foliar 
spray of dry active yeast on sugar beet vegetative growth 
and yield, subjected to drought stress.  Sugar beet seeds 
(Beta vulgaris L. var. Pleo) were obtained from Sugar 
Crops Research Institute, Agricultural Research Centre, 
Giza, Egypt. Seeds were sown on 19

th
 October in the two 

successive seasons. 
Soil samples were randomly taken each year before 

cultivation, at the depth of 0-60 cm and were subjected for 
physical and chemical analysis according to Jackson 
(1973).  

The mean values of soil mechanical and chemical 
analysis as well as available water, field capacity and 
wilting point percentage of applied water under different 
soil depths were illustrated in Tables (1, 2). 

Soil was mechanically ploughed and irrigated after a one 
week, and then it was mechanically ploughed again to 
eliminate weeds growth.  Then, it was harrowed and 
plotted. All the agricultural practice was applied according 
to the recommendation of Agricultural Ministry. 80 kg/Fed 
of ammonium nitrate (34.4% N) was supplied to soil in two 
equal separate doses. In addition, 50 kg/Fed calcium 
super-phosphate was applied before planting during soil 
preparation. 

A randomized complete block design experiments were 
designed with three replicates in a split plot design. They 
contained 18 experimental units, in which each one 
represented a treatment, and it composed of three rows, 
where each row has 3 meters length and 0.60 m width, 
which represented a one replicate. Irrigation was the main 
treatment, designed as control (100%) and drought (55%). 
The quantities and timing of irrigation schedule during 
different stages of sugar beet plant were shown in figure 1 
and 2. The sub-plot treatments included three doses of 
applied basal potassium sulphate 48% K2O (50, 75 or 100 
kg/Fed) after 30 days after planting. Foliar applications of 
dry active yeast (0, 10 or 14 g/l) were repeated twice at 45 
and 60 days after planting. 

In both seasons, two samples, i.e. at 130 and 180 days 
after planting were collected from each treatment, in which 
each one was represented by three replicates for the 
morphological studies, and chemical analysis. In each 
sampling date, the following growth characters were 
measured, i.e. root length (cm), root diameter (cm), root 
fresh weight (g), root dry weight (g), shoot fresh weight (g), 
shoot dry weight (g) and number of leaves. 

At harvest, a third sample was taken for recording root 
yield (ton/Fed) and white sugar yield (ton/Fed) at 205 days 
after planting, as well as, for determination sugar yield 
recovery % and sugar beet quality. 

a) Chemical analysis; an ethanol extract, for 
determination of reducing, non-reducing, total sugars, total  
 



 
 
 
 

 

pH EC 
7.9 2 HCO3

-
Cl

-
SO4

-2
Na

+
K

+
Ca

+2
Mg

+2

Soluble cations (meq/l)

Table 1.  Mechanical and chemical analysis of the soil experimental site.

Chemical analysis

Soluble anions (meq/l)

1.5 – 6.0 37.0 – 41.2 22.0 – 26.1 31.2 – 35.0 Clay loam

Mechanical analysis
Clay % Texture classCoarse sand % Fine sand   % Silt %

 
 
 

 Table 2. The percentages of available water, field capacity and wilting point 

of the applied water under different soil depths.

Soil depth (cm)

0-20

Wilting point %

16.19

20-40

40-60

Field capacity %

38.78

38.43

36.34

17.36

17.22

Available water 

22.59

21.07

19.12
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Figure (1): The time table (days) for the applied treatments 

during the different growth stages of sugar beet plant.

Drought Control
 

 

 
 
soluble phenols and free amino acids, which was prepared 
by extracting 2.5 g plant fresh material with 50 ml boiled 
ethanol. 

a. Reducing, non-reducing and total sugars 
concentrations: In ethanol extract, the reducing, non-
reducing, and total sugars in the both plant shoot and root 

parts were determined by phosphor-molybdic acid method 
according to A. O. A. C. (1975).  

b. Total soluble phenols concentration: In ethanol 
extract, the total soluble phenols were determined using 
the folin-Ciocalteau colorimetric method Swain and Hillis 
(1959).  



 
 
 
 

c. Total free amino acids concentration: In ethanol 
extract, the total free amino acids were determined by 
using ninhydrin reagent according to Moore and Stein 
(1954).  

d. Plant Pigments: The photosynthetic pigments 
(chlorophyll a, chlorophyll b, total chlorophylls and total 
carotenoids) concentrations were determined in leaf fresh 
samples according to Nornai (1982). 

b) Sugar yield and juice quality character: 
All sugar quality parameters were determined at harvest 

in the Delta Sugar Company, Kafr El-Sheikh, Egypt, 
according to Le Docte (1927), where root samples were 
cleaning, and then passed through machine with knifes to 
give macerated roots. Then, 40 g of macerated roots mixed 
with 165 ml lead acetate (5%) solution by magnetic stirrer 
and then filtrate to determine sugar beet yield quality. 

a. Total soluble solids (TSS %) = (Sucrose %) / 
(Purity %) as described by Brown and Serro (1954) 

b. Sucrose percentage % was determined as 
described by Watts and Tempany (1908). 

c. Potassium and sodium concentration was 
determined using flame photometer (mg/100 g sugar beet). 

d. Alpha amino nitrogen concentration (mg/100 g 
sugar beet) was determined using Kjeldahl wet oxidation 
process as described by Blakemore et al. (1987). 

e. Impurities percentage % = {(K + Na) x 0.0343) + 
(alpha amino – N x 0.094) + 0.29}  

f. Purity percentage % = {((Sucrose % - Impurities 
%) x 100 / sucrose %} as described by Carruthers et al. 
(1962) 

g. Sucrose loss to molasses percentage (SLM %) = 
{(0.343 (Na + K) + 0.094 (alpha amino- N) – 0.31} as 
outlined by Cook and Scoot (1993) who cited from 
Reinefeld et al. (1975). 

h. Sucrose Recovery % (RS%) = { Sucrose % - 0.29 
– (0.343 ( Na + K) -0.094 (alpha amino-N)} as outlined by 
Cook and Scoot (1993) who cited after Reinefeld et al. 
(1975). 
 
 
Statistics analysis 
 
All data recorded were subjected to normal statistical 
analysis as described by  Snedecor and Cochran (1980). 
Comparison among means was done using LSD at 5% 
level of probability. All statistical analysis was performed by 
using analysis of variance technique of Mstat-C computer 
software package. 
 
 
RESULTS 
 
Growth characters 
 
The results mentioned in figure (3) showed that drought 
stress has significantly reduced the root length, both  fresh  

 
 
 
 
and dry weights of roots and leaves at 130 days from 
planting. While the root diameter and number of 
leaves/plant did not show any significant differences 
between both irrigation levels at the same age. In addition 
at 180 days from planting, drought significantly decreased 
the entire root and leaves growth characters, i.e. root 
diameter, fresh and dry weight of both roots and leaves, 
whereas the root length was not affected.  

The mean effects of potassium fertilization and foliar 
spray of yeast on sugar beet had a similar trend in both 
samples (130 and 180 days after planting), as it was found 
that the K1 dose, which represented the lowest applied 
dose, increased the number of leaves when applied in 
combination with foliar yeast spray (FYS) at 10 g/l or 14 g/l 
concentration at 130 and 180 days from planting. 
Meanwhile, increasing the potassium dose to K2 in 
combination with FYS at concentration of 10 g/l has 
increased the root diameter, fresh and dry weights, as well 
as leaves fresh and dry weights. However, the increasing 
of potassium application doses to K3 increased root length, 
growth and root to shoot ratio.  

Considering the combination effect of both potassium 
fertilization and foliar spray of yeast on sugar beet leaves 
and roots grown under drought stress, it was found that 
increasing the applied dose of potassium fertilizer from 50 
kg/Fed (control) to 75 kg/Fed in combination with foliar 
yeast spray at concentration of 14 g/l increased root and 
leaves growth; fresh and dry weights of roots and leaves, 
root diameter and number of leaves as well as root to 
shoot ratio at 130 and 180 days from planting.  
 
 
Chemical analysis 
 
a. Reducing, non-reducing and total sugars 
concentrations 
 
The results mentioned in Figure(4) revealed that the non-
reducing and total sugar concentrations in roots were 
significantly decreased under drought stress at 130 days 
from planting, whereas there is no significant difference 
was recorded for reducing, non-reducing and total sugar 
concentrations at 180 days from planting. In addition, the 
reducing and total sugar concentrations were significantly 
decreased in leaves under drought stress at 130 days and 
180 days from plant. 

The mean effects of potassium fertilization and foliar 
spray of yeast on reducing (RS), non-reducing (NRS) and 
total sugars (TS) concentrations in plant roots and leaves 
indicated that the increase in applied potassium dose from 
50 (the control) to 75 kg K2O/Fed led to an increase 
concentration in RS of roots at 130 days and then 
decreased at 180 days, however, it decreased at 130 days 
and increased at 180 days in the plant leaves (Figure. 4). 
In addition, increasing the potassium dose to 75 or 100 kg 
K2O/Fed increased  the  NRS  and   TS  concentrations  in  
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Figure 3.  Effect of potassium fertilization and foliar yeast spray on sugar beet (a) root fresh weight, (b) root dry weight, (c) root length, (d) root diameter, 
(e) leaves fresh weight, (f) leaves dry weight, (g) number of leaves of sugar beet and (h) root to shoot ratio of sugar beet under normal and drought stress. 
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l. 
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Figure 4. Effect of potassium fertilization and foliar yeast spray on (a) reducing sugars in leaves, (b) reducing sugar in root, (c) non-reducing sugars 
in leaves, (d) non-reducing sugar in root, (e) total sugars in in leaves, (f) total sugars in roots of sugar beet under normal and drought stress.  
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
 
 
roots and leaves at 130 and 180 days from planting. 
Furthermore, the foliar spray of yeast at 10g/l concentration 
(K1Y1) increased the NRS at 130 days and then 
decreased at 180 days in leaves. On the other hand, the 
NRS concentration decreased at 130 days and then 
increased at 180 days in roots.. These results indicated 
that the sugar translocation from the source leaves to the 
sink organs would be enhanced. 

On the other hand, the increase in foliar spray of yeast 
concentration to 14 g/l (K1Y2) increased the NRS at 130 
days, and then decreased at 180 days in the roots. 
However, the RS in roots and leaves and the NRS in 
leaves decreased at 130 days and then increased at 180 
days. 

Finally, it was found that the application of 75 kg K2O/Fed 
combined with 14g/l foliar spray of yeast, (K2Y2) was the 
highest significant value in NRS and TS concentration in 
roots at 130 and 180 days from planting. In addition, the 
NSR concentration in leaves was significantly decreased at 
130 days and then increased at 180 days. On the other 

hand, the RS concentration was significantly increased at 
130 days in leaves, and then significantly was decreased in 
the roots and leaves at 180 days from planting. 
 
b. Total soluble phenols and free amino acids 
concentrations 
 
The total soluble phenol concentrations were significantly 
increased in roots and leaves at 130 and 180 days from 
planting under drought stress. On the contrary, the free 
amino acids concentrations were significantly decreased in 
the roots at 130 days and increased in both roots and 
leaves 180 days under drought stress (Figure.5). 

Considering the mean effects of potassium fertilization, it 
was indicated that increasing the dose of potassium 
resulted in an increase of phenol concentration in leaves at 
130-180 days. On the other hand, the free amino acids 
concentration was increased in plant leaves at 130 days 
and then decreased at 180 days whereas it decreased in 
the plant roots at 130 or180 days.  
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Figure 5. Effect of potassium fertilization and foliar yeast spray on free amino acids in sugar beet (a) leaves, (b) root, and total soluble phenols 
in (c) leaves (d) root of sugar beet under normal and drought stress. 
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
Furthermore, foliar yeast spray at concentration of 10g/l 

increased total soluble phenols and free amino acids 
concentrations in both leaves and roots at 130 days from 
planting. While they are increased in leaves and decreased 
in roots at 180 days from planting. In addition of yeast 
concentration to 14g/l resulted in an increase in total 
soluble phenols concentrations in both roots and leaves at 
130 days while it decreased in roots at 180 days. 
Furthermore, the free amino acids were increased in roots 
at 130 and 180 days from planting, while it increased in 
leaves at 180 days from planting.  Finally the treatment 
K2Y2 significantly increased the total soluble phenols 
concentrations in sugar beet roots and leaves at 130 days. 
However, the total soluble phenols and free amino acids 
significantly recorded higher values in plant leavesthan in 
roots at 180 days from planting. Under drought stress, the 
application of treatment K2Y2 resulted in a significant 
increase in total soluble phenols and free amino acids 
concentrations the roots and leaves at 130 days whereas, 
they increased in leaves only at 180 days and decreased in 
roots.  
 
c. Chlorophyll a, b, total chlorophylls and total 
carotenoids concentrations 
 
The results affirmed that drought stress has significantly 
decreased the chlorophyll a and total chlorophyll 
concentrations in leaves at 130 and 180 days. Meanwhile, 
no significant differences were obtained in chlorophyll b 
and total carotenoids concentrations between both 
irrigation treatments were found at 130 and 180 days. Also, 

the results revealed that the treatments K2Y2 and K3Y1 
had the highest significant concentrations of chlorophyll b, 
total chlorophyll and total carotenoids at 130 days. On the 
other hand, no significant differences in chlorophyll a, b 
and total chlorophyll as well carotenoids concentrations 
were found among the studied treatments at 180 days.  

Meanwhile, the effect of applied potassium and the foliar 
spray of under drought stress indicated that there were no 
significant differences among the applied treatments on 
chlorophyll a, b, and total chlorophylls as well as total 
carotenoids concentrations in both roots and leaves at 130 
and 180 days from planting. 
 
d. Sugar beet root yield and white sugar yield 
 
In a respect to the mean effect of irrigation treatment, 
drought stress has significantly decreased the white sugar 
yield/Fed, and beet root yield/ Fed. Furthermore, the 
results revealed that the increasing in potassium dose has 
reduced the root weight and white sugar yields. 
Nevertheless, the addition of yeast at concentration 14g/l, 
increased both yields. Thus, both treatments K3Y1 and 
K2Y2 recorded the highest significant root and white sugar 
yields per Feddan.   

Also, the results indicated that the highest significantly 
root and white sugar yields / Fed were recorded under 
sufficient irrigation by K3Y1. Meanwhile, under drought 
stress, the treatment K2Y2 recorded the highest significant 
root and white sugar yields per Feddan.  
 
 



 
 
 
 

 

0.0

0.2

0.4

0.6

0.8

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

130 Days 180 DaysC
h

lo
ro

p
h

y
ll

 B
 (

m
g

/
g

 F
.W

.)

10 Irrigated times 6 Irrigated times
 

0.0

0.2

0.4

0.6

0.8

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

130 Days 180 DaysC
h

lo
ro

p
h

y
ll

 B
 (

m
g

/
g

 F
.W

.)

10 Irrigated times 6 Irrigated times

 

0.0

0.5

1.0

1.5

2.0

2.5

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

130 Days 180 Days

T
o

ta
l 

C
h

lo
ro

p
h

y
ll

  
(m

g
/

g
 

F
.W

.)

10 Irrigated times 6 Irrigated times
 

0.0

0.1

0.2

0.3

0.4

0.5

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

K
1

K
2

K
3

K
1

Y
1

K
1

Y
2

K
2

Y
1

K
2

Y
2

K
3

Y
1

K
3

Y
2

130 Days 180 Days

C
ar

o
te

n
o

id
s 

(m
g

/g
 F

.W
.)

10 Irrigated times 6 Irrigated times

 
 

Figure 6. Effect of potassium fertilization and foliar yeast spray on (a) chlorophyll a, (b) chlorophyll b, (c) total chlorophyll, and (d) total 
carotenoids concentrations in sugar beet leaves under normal and drought stress. 
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
 
 
 
 
Sugar beet yield attributes 
 
The results showed in figure (8) revealed that there were 
no significant differences between both irrigation 
treatments on the sodium percentage, potassium 
percentage, alpha-amino nitrogen percentage, 
Impurities%, sucrose%, sucrose recovery%, sugar loss 
molasses (SLM)%, purity (PUR)% and total soluble solids 
(TSS)%. In addition, the treatment K2Y1 has the highest 
significant sodium, potassium, and alpha-amino nitrogen 
percentage as well as sugar loss molasses percentages, 
and the lowest significant value in purity percentage. It 
could be concluded that sodium, potassium and alpha 
amino nitrogen percentage - impurities percentage - were 
directly proportional with sugar loss molasses percentage, 
while the latter has an inversely relationship with the sugar 
purity percentage as the results indicated that K2Y1 
recorded the lowest significant values in sucrose and 
sucrose recovery percentage. On the other hand, the 
treatment K1Y1 was completely opposite to the K2Y1 
regarding the previously mentioned parameters.  
Meanwhile, the treatment K2Y2 recorded the highest 
significant sucrose and sucrose recovery percentage under 
drought stress. Likewise, the treatment K1Y1 increased the 
sucrose and sucrose recovery percentage as well as a 
significant higher purity% under drought stress. Also, K1Y1 
and K2Y2 recorded the significantly lowest sugar loss 

molasses, sodium, potassium, alpha amino nitrogen and 
the impurities percentages under normal irrigation. 
  
e. Water use efficiency 
 
The results in figure 9 revealed that drought stressed sugar 
beet had higher significantly record in water use efficiency 
than those normally irrigated. Also, the results affirmed that 
the treatment K2Y2, and then K3Y1 showed the highest 
water use efficiency than the other studied treatments. 
Finally, the application of the treatment K2Y2 showed the 
highest significant record in water use efficiency in plants 
subjected to drought stress. Meanwhile, the treatment 
K3Y1 recorded the highest significant water use efficiency 
under sufficient irrigation as compared to other studied 
treatments under the normal irrigation. 
 
 
DISCUSSION 

 

1. The effect of drought stress 
 
The results in figure (3) revealed that the plant fresh weight 
was reduced under drought stress which could be 
attributed to the foliage and root fresh weight reduction, 
which was related to the turgor pressure  fall,  leading  to  a  
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Figure 7. Effect of potassium fertilization and foliar yeast spray on sugar beet (a) root yield/ Fed, (b) white sugar yield/ Fed, (c) K%, (d) Na%, (e) 
alpha amino-nitrogen, (f) impurities%, (g) purity%, (h) total soluble solids under normal and drought stress  
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
decrease in cellular expansion and resulted in a reduction 
in leaf area and size. Consequently, the exposed leaf area 
to the light is decreased leading to a reduction in dry matter 
light conversion coefficient. Furthermore, the results in 
figure (3) indicated that the increase in dry matter 
partitioning towards the storage root was at the expense of 
leaves growth under drought stress. These results are in 
agreement with those obtained from Kant and Kafkafi 
(2001), Bloch et al.(2006a), Bloch et al.(2006b), . In 
addition, the Hoffmann (2010)mentioned that most of 
cambium rings were formed within 10 weeks (70 days) 
after sowing, while the other two novel ones formed at final 
harvest. So, drought stress did not affect the root diameter 

at 130 days after planting. Also, Clarke et al. (1993),  
Dreesmann et al. (1994) and Bloch et al. (2006a) 
mentioned that drought stress decreased the 
photosynthetic rate, transpiration rate and stomatal 
conductance of sugar beet which resulted in a reduction in 
reducing sugars, as well as non-reducing sugars (include 
sucrose). Vassey and Sharkey (1989) mentioned that the 
extractable activity of SPS (sucrose phosphatase enzyme) 
was inhibited by more than 60% in water stressed plants. 
The results in figure (4) indicated an insignificant 
differences of reducing, non-reducing and total sugar 
concentrations in roots, at 180 days from planting, between 
well-irrigated and  drought   stress  plants  which  might  be  
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Figure 8. Effect of potassium fertilization and foliar yeast spray on (a) sodium %, (b) potassium %, (c) alpha-amino nitrogen, (d) impurities %, (e) purity %, 
(f) total soluble solids %, (g) sucrose %, (h) total soluble solids in the sugar beet roots under normal and drought stress. 
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
attributed to the age factor as mentioned by Giaquinta 
(1979), who found that the source leaves exported about 
40 % of the fixed carbon,  70% from them was transferred 
to the beet root and the remaining transferred to the sink 
organs, i.e. young leaves and petioles.  So, as the plant 
early aged due to drought stress, less young leaves are 
formed and the partitioning towards the beet root 
increased. 

Marur et al. (1994) observed a sharply increase in proline 
in plants under drought stress. In addition, the amino acids 
accumulation increased in the drought stressed plants 
107% and 126% than control plants in the plant roots and 
leaves, respectively. Navari-Izzo et al. (1990) mentioned 
that protein was decreased under drought stress with an 
increase in accumulation of amino acids, which could 

reflect either diminishing synthesis or breaking down, 
leading to increase in amino acids. In addition, Blum and 
Ebercon (1976) suggested that proline participated as a 
source of energy, carbon and nitrogen for tissues 
recovering from water deficit. According to Steward and 
Lee (1974) proline induced osmotic adjustment of the cell.  

The results in figure (6) were in harmony with Xiang et al. 
(2013); Chutia and Borah (2012) who mentioned that 
chlorophyll b was decreased under drought stress. Drought 
stress caused a degradation in chlorophyll a. Cha-um and 
Kirdmanee (2008) found that low water availability induced 
pigment degradation and total chlorophyll reduction in 
sugarcane leaves. Rahdari and Hoseini (2012) and Anjum 
et al. (2011) mentioned that the decrease in chlorophyll 
content   under    drought   stress  is  considered  a  typical  
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Figure 9. (A) Effect of potassium fertilization and foliar yeast spray on water use efficiency under normal and drought stress.  
K1 = 50 kg K2O, K2=75 kg K2O, K3= 100 kg K2O, Y1=10g yeast/l, Y2=14g/l 

 
 
 
symptom of pigment photo-oxidation and chlorophyll 
degradation. Chutia and Borah (2012) found that a 
significant decrease in the chlorophyll a and chlorophyll b 
as well as total chlorophylls content in the plants subjected 
to drought stress.  

The results in figures (7-9) revealed that the white sugar 
yield reduction could be attributed to the reduction in root 
yield/Fed rather than the reduction in sucrose %. This 
result was in agreement with those of Brown et al. (1987) 
and Bloch et al. (2006), who illustrated that drought stress 
decreased the sugar beet final sugar yields. In addition, 
Clover et al. (1999) found that drought stress reduced total 
final root yield, due to root weight reduction rather than 
sugar concentration. 
 
2. Effect of potassium and foliar spray of yeast 
 
Kant and Kafkafi (2002),  Hanahan and Weinberg (2011), 
Salami and Saadat (2013) and Wang et al. (2013) 
mentioned that potassium plays  significant roles in 
increasing the root elongation, depth, enlarging root 
absorptive surface, maintaining turgor by reducing water 
loss and wilting and maximizing water retention in plant 
tissue, nutrients uptake, phloem unloading, and it 
enhances the photosynthetic products translocation from 
the source leaves to the sink organs which subsequently 
increases the plant dry matter and leads to an increase in 
the storage root growth. In addition, Draycott (2006) 
mentioned that K played an essential roles in enzyme 
activation, protein synthesis, photosynthesis, 
osmoregulation, stomata movement, energy transfer, 
phloem transport, cation-anion balance and stress 
resistance.  Abd-El-Hadi et al. (1995) mentioned that 
potassium nutrition improved water use efficiency by its 
involvement in stomata regulation and so affecting the 
plant growth and dry matter production. Grzebisz et al. 
(2013)  mentioned that the reduction in the root elongation 
could be referred to the reduction in soil moisture which 
could influence potassium uptake and its rate of diffusion 

which in turn reduced the root elongation. This could be the 
reason for the accumulation of potassium ions by plants 
before stress initiation which might be considered as 
insurance strategy to allow the plant to survive the sudden 
abiotic environmental stresses, This strategy was 
supposed by  Salami and Saadat (2013). Also, Taiz and 
Zeiger (2002) mentioned that the osmotic adjustment role 
of potassium accomplished through its ability to form 
electrostatic bonds with the carboxylic group of organic 
compounds in the cytosol and cell vacuole. 

In addition, the reduction of the reducing sugar in leaves 
might be resulted from an increase in its conversion to non-
reducing sugars, as the main sugar for translocation in 
beet plant. Potassium enhances the translocation of sugars 
into sink roots. In this concern, Grzebisz et al. (2013) 
mentioned that the transportation of assimilates in the 
phloem is also K concentration-dependent. Hong-juan et 
al. (2012a) mentioned that potassium fertilization increased 
the sweet potato yield, the soluble sugar content, SPS 
(sucrose phosphate synthase), SS (sucrose synthase) 
activities and consequently, the transportation of 
photosynthate from functional leaves to storage roots are 
improved.  

On the contrary, increasing the reducing sugars in the 
plant roots might refer to the occurrence of the respiration 
process in the plant roots which resulted in conversion of 
the non-reducing sugars (sucrose) to reducing sugars in 
force to obtain energy, which might indicate for insufficient 
non-reducing sugars translocation.  Huber and Huber 
(1992) mentioned that the degradation of sucrose is 
essential   for providing the metabolic energy and the 
substrates for the synthesis of the cellular components. 
Finally, it could conclude that increase in the potassium 
fertilization mainly increased the conversion of reducing to 
non-reducing sugar and their translocation to some extent 
to the beet roots under drought stress.  

Bhattacharya et al. (2010) mentioned that phenolic 
compounds in plant have several physiological roles in 
plant    development   particularly    in   lignin  and  pigment  



 
 
 
 
biosynthesis in addition to providing the structural integrity 
and scaffolding support to plants as well as for plant 
protection against stresses. Rispail et al. (2005) mentioned 
that phenols have antioxidant actions due to its tendency to 
chelate with the metals. Phenols might inactivate the iron 
ions by chelating and suppressing the superoxide driven by 
Fenton reaction which is believed to be the most important 
source of ROS-species. 

The results in figure (6) were in harmony with Eisa et al. 
(2012) who mentioned that applying of potassium tended 
to accelerate the photosynthetic activity in sugar beet 
under salt stress. In this regards, Salami and Saadat 
(2013) observed that the increase in root yield is attributed 
to the stimulatory effect of potassium fertilizer on the rate of 
photosynthesis.  

The results in figures (7-9) were in harmony with Emami 
(1999) and Seadh (2012)  who mentioned that sugar 
percentage and sugar yield were significantly increased by 
potassium increase. on the contrary, Salami and Saadat 
(2013) mentioned that the increased of cations contents 
might be associated with a decrease in the sucrose and 
purity percentage. In addition, EL-Taweel (1999) and 
Tawfic and Mostafa (2012) observed that 24 kg K2O/Fed 
was enough to produce the highest value of juice quality as 
sucrose percentage, purity percentage, root and sugar 
beet yield, whereas EL-Shafai (2000) mentioned that juice 
purity was not significantly affected by potassium level.. 
Hong-juan et al. (2012) reported that potassium increased 
the sweet potato yield and increased the soluble sugar 
content and storage roots components. Moreover, the 
sucrose phosphate synthase (SPS) activity and sucrose 
content of functional leaves are increased significantly. 
Additionally, the sucrose synthase (SS) activity and 
insoluble acid invertase activity of storage roots are 
increased observably indicating for the transportation of 
photosynthate from functional leaves to storage roots are 
improved.  

Shehata et al. (2012), mentioned that dry yeast as a 
natural bio-substance has stimulating, nutritional and 
protective functions when it is used on vegetables. Its 
protective and stimulatory effects might be attributed to its 
content that enriched with the sources of phyto-hormones 
especially cytokinins, vitamins, enzymes, amino acids and 
minerals. Kraig and Haber (1980) and Castelfranco and 
Beale (1983)  confirmed that dry yeast has stimulatory 
effects on cell division and enlargement, protein and 
nucleic acid synthesis and chlorophyll formation and 
increased photosynthetic process. El-Tohamy and El-
Greadly (2007) found that bean and snap bean plants 
treated by yeast increased significantly the chlorophyll 
content. El-Tohamy et al. (2008) pointed out that spraying 
yeast increased chlorophylls, proteins and nucleic acids 
contents due to its mineral and hormonal content. 
 
 

 

 
 
 
 
CONCLUSION 
 
The increase in potassium fertilization from 50 to 75 Kg 
K2O/Fed in combination with foliar spray of yeast at 
concentration of 14g/l, enhanced the root and leaves as 
well as overall plant growth under drought stress. In 
addition, it enhanced the sugar translocation to sink organs 
at different growth stages. The plant recorded the highest 
water use efficiency under drought stress with K2Y2 
treatment also, it recorded the highest white sugar and root 
yields under drought stress. On the other hand, the 
treatment K3Y1 significantly recorded the highest root and 
white sugar yields under sufficient water irrigation. 
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