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ABSTRACT 
 

The promotive role of stigmasterol under salinized soil level is well 
documented in this report to elucidate the physiological effect of stigmasterol 
(10-6 and 10-4 M) to overcome soil salinity (0.59, 0.67 and 0.96m mos) on 
growth aspects, yield, photosynthetic pigments and sugar contents in sugar 
beet organs (Beta vulgaris, L.) variety Rass poly. Stigmasterol was added 
during vegetative and root growth stages. 

Growth measurements of sugar beet plant organs as top (leaf area, 
fresh and dry weights) and root (diameter and fresh weight) significantly 
reduced with increasing salinity levels of soil, while, root length was 
insignificantly increased during root growth and sugar accumulation stages. 

Stigmasterol significantly increased top and root measurements of 
sugar beet plant specially 10-6 M at root growth and 10-4 M at sugar 
accumulation stages except leaf area and top fresh weight at sugar 
accumulation stage that were significantly reduced. These concentrations 
gave the same trend with salinity levels specially 0.69 m mos at root growth 
and 0.96 mmos. 

Salinity levels with or without stigmasterol significantly increased 
chlorophyll (a and b) contents with increasing both, while carotene content 
with salinity levels or its interaction with stigmasterol was insignificantly 
increased, however it significantly increased with stigma sterol application 
alone. Leaves soluble sugar were significantly increased by salinity or 
stigmasterol compared with control at root growth stage and insignificantly at 
sugar accumulation stage, also with interaction especially with (10-6 M) of 
stigmasterol. Salinity levels insignificantly decreased nonsoluble sugar at 
both stages. However, it significantly increased with stigmasterol 
concentrations during both stages with salinity levels. So, total sugar content 
of leaves was significantly increased at root growth stage and reduced at 
sugar accumulation stage with salinity levels. While, stigmasterol or its 
interaction with salinity significantly increased it at all stages compared with 
control. 

Increasing salinity levels increased sugar contents of root compared 
with control at both stages, sucrose and glucose at sugar accumulation stage 
were significantly increased. Stigmasterol had the same trend of salinity but 
there was significant effect on total sugars, sucrose, glucose and TSS at 
sugar accumulation stage. However, sucrose and glucose were significantly 
increased with increasing salinity levels with stigmasterol concentrations (10-4 
and 10-6 M). 

Stigmasterol concentration (10-4 M) was more effective to overcome 
salinity effect and increase sucrose content of sugar beet root.  
Keywords: Stigmasterol, salinity, sugar beet, growth, sugars. 
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INTRODUCTION 

 
Sugar beet is primarily a crop of temperate climates, but, in the last 

decades its cultivation has spread to sub tropical sugar crop to augment sugar 
cane production. The main problem that hinders its growth and production is its 
cultivation in lower soil fertility in Egypt. This return  to salinity effect on plant growth 
and yield to various degrees depending on plant species, salinity level and ionic 
composition of the growth medium (Kent and lauchli, 1985). Salinity caused 
an increase of glucose, fructose, soluble carbohydrate and change in sucrose 
content, but, it reduced growth and elongated tissue of growing leaves. 
Nevertheless it  had no effect on photosynthesis (Dey and Dixon, 1985). Root 
elongation is vital for the plants to survive salinity (Ashraf, et al., 1986). 
Salinity provoked a decrease in the hexose contents and also dramatically 
enhanced sucrose accumulation in all organs of the plants. It had fast 
changes in soluble carbohydrates, (Balibrea et al., 1997). Stress may reduce 
root yield and the rate of photosynthesis, sugar juice content and sterols of 
sugar beet, but it increased content of certain melassigenic compounds 
(Rover, 1998 and Yahya, 1998). So, salility provoked a decrease in the 
hexose contents and it also dramatically enhanced sucrose accumulation in 
all organs of tomato plants to a greater extent in the salt sensitive variety 
(Balibrea et al., 1997). Additionally, the use of saline water to irrigate sugar 
beet decreased percentage sugar, sugar yield, (Kaffka et al., 1999) and 
growth Rajasekaran et al., (2000). So, cytological and physiological 
characters of sugar beet plants were accomplished with tolerant plant to salt 
treatment that were obtained through somatic embryogensis and 
organogensis processes by Moghaddam et al., (2001). 

Stigmasterol is found as a free or compound in the cell. They are 
structural components of the lipid core of cell membranes and being 
precursor of numerous secondary metabolites including plant steroid 
hormones (Genus, 1978). Much less the biological functions of steryl 
conjugates such as fatty acid or glucoside esters and steryl acyl glucoside 
were as a sterol storage forms. Additionally, it has been suggest that the 
interaction of sterols with phospholipids stablizies membrane controls 
permeability (Grunwald, 1982). In this respect the role of sterols is of 
particular interest. It has been shown that membrane sterol composition 
seems to have an effect on the activity of H+-ATP ases in plant (Cooke et al., 
1989). Whereas, brassinosteroid induced inclination was accompanied by 
increasing lamina fresh weight, total water content, free water content, proton 
extrusion and decreased bound water content. Also, brassinosteroids play a 
role in plant developments including cell expansion, vascular differentiation, 
etiolation and reproductive development (Steven and Jenneth, 1998). In this 
respect Ozolina, et al. (1999) found that epibrassinosteroide was shown to 
relgulate the hydrolytic and transport activities of tonoplast 
phosphohydrolases. H+-pyrophosphatase was sensitive during the dormancy 
period. Whereas H+-ATPase  was sensitive during growth and accumulation 
of metabolities. The transport function of the phosphohydrolases was 
stimulated to a grater extent than the hydrolytic function. The most effective 
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epibrassinolide concentration was in the range 10-13-10-11M. So, brassinolide 
stimulated mesocotyl, coleoptile and leaf sheath elongation and increased the 
number of leaves (Chon et al., 2000). 

The aim of this investigation is to study the effects of stigmasterol 
on soil salinity level control, vegetative and root characters and their sugar 
contents. 

 

MATERIALS AND METHODS 
 
The experiment was conducted on salinized loamy soil at green 

house of National Research Centre, Cairo, Egypt in 1996/97 and 1997/98 
seasons. Sugar beet (Beta vulgaris, L.) variety (Rass poly) was hand seeded 
on 29 and 20 November, in the two seasons respectively, at pots N. 30. 
Seedlings were thinned to two plant at each pot. Calcium superphosphate 
fertilizer (15.5% P2O5) was added pre sowing at 10 g/pot during vegetative 
stage. Also, nitrogenous fertilizer as urea (46% N) was applied at 15 g/pot 
divided into two equal doses after 21 and 35 days from sowing. Potassium 
sulphate (48% K2O) was added at 10 g/pot after 21 and 35 days from sowing. 
 

Soil Salinity levels: 
Salinity treatments consisted of three levels (0.59, 0.67 and 0.96 m 

mos) of salinized soil compared with control (0.36 m mos). Soil salinity 
concentrations were obtained from treating loamy soil with different 
concentrations of saline water of Rashidy salt. 
 

Stigmasteral treatments: 
The treatments consisted of two concentration (10-4 and 10-6M) of 

stigmasterol (stigmasta-5,22-diene-3 -oL: (24 S)-24- ethylcholesta 5,22-

dien-3 -oL) and control with distilled water which was added as foliar 
application at towic spray with the previous concentrations at vegetative 
stage (45 days from planting) and root growth stage (75 days from sowing). 

The experiment was arranged as split plot design keeping salinity 
levels in main plots and stigmasterol treatments in the sub plots replicated 
three times. 
 

Growth and yield measurements: 
The estimated root characteristics were diameter, length and fresh 

weight. Top characteristics were leaf area, fresh and dry weights. Three 
plants were taken to determine the measurements on root and leaves at root 
growth (after 75 days from sowing) and sugar accumulation stages (after 180 
days from sowing). 
 

Chemical constituents: 
Photosynthetic pigments (Chl.a and Chl.b) were determined in fresh 

leaves according to Lichtenthalerand Wellburn (1983) and carotene according to 
(Booth , 1958). Root and leave sugars contents as total, soluble sugars, glucose 
and nonsoluble sugar were determined according to Dubois et al., (1956), 
sucrose content according to Frederick et al., (1949) and Frank (1952) and total 
soluble solids content in root juoice by hand refractometer. 
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Combined analysis of variance for data collected in both seasons 
were calculated as described by Snedecor and Cochran (1980). 

 

RESULTS AND DISCUSSION 
 

Effect of salinity levels on top characteristics : 
Data presented in Table (1) show that top characteristics (leaf area, 

fresh and dry weights) were significantly affected by salinity level of soil 
except top fresh weight at sugar accumulation stage. The lowest level of 
salinity (0.59 M mos) gave the least decreasing on all top characteristics at 
both root growth and sugar accumulation stages. These characters were 
insignificantly decreased with enhancing salinity level of soil. Salinity might 
seemed to cause a stress on the imbibition ability of water and nutrients 
requirements from the roots to top organs, thus it reduced growth and 
elongation of growing leaves tissue (Dey and Dixon, 1985). This might be due 
to the involvement of activated oxygen species in the mechanism with celluar 
toxicity of NaCl and pointed out differences in the induction of antioxidant 
defences in wheat  (Meneguzzo et al., 1999). This effect was return to 
maintenance of cell turgor accomplishing through osmoregulation of solutes 
within the cells (Morgan, 1984). Whereas, brassinosteroid (24-
epibrassinolide) promoted cell expansion in whole plants and excised organs, 
(Lee et al., 2000). 
 
 Table 1: Effect of salinity levels on the growth characters of sugar beet 

plants. 
Top characteristics 

Characters Root growth stage Sugar accumulation stage 

Salinity level 
M mos (1:5) 

 

Leaf area 
(cm2) 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Leaf area 
(cm2) 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Control 2233.0 152.95 12.25 9018.6 158.73 46.85 

0.59 2651.4 171.15 14.2 6298.4 155.52 38.88 

0.67 1929.3 144.75 12.8 5392.6 142.36 32.24 

0.96 1842.9 140.70 13.13 5330.7 135.33 35.81 

LSD at 5% 50.39 24.38 1.14 7.99 NS 3.33 

 
Root characteristics 

Characters Root growth stage Sugar accumulation stage 

Salinity level 
M mos (1:5) 

Diameter 
(cm) 

Length 
(g) 

Fresh 
weight 
(cm) 

Diameter 
(cm2) 

Length 
(cm) 

Fresh 
weight 

(g) 

Control 2.25 19.0 54.6 6.86 22.17 266.33 

0.59 3.17 19.17 77.28 7.29 21.94 308.18 

0.67 2.08 17.83 44.90 6.61 21.61 322.17 

0.96 2.18 19.67 44.50 6.61 22.83 271.53 

LSD at 5% 0.15 NS 9.13 NS NS NS 
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Effect of salinity levels on root characteristics : 
Results presented in Table (1) showed that soil salinity levels had 

significant effect on root characteristics of sugar beet plant viz, diameter and 
fresh weight at root growth stage and insignificant effect at sugar 
accumulation stage and other characters. Root diameter and fresh weight 
were significantly decreased where salinity levels increased. While, root 
length gave the opposite trend in the two stages. Root fresh weight declined 
with enhancement of salinity levels. This effect might be due to decreased 
phospholipids, phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylserine and phosphatidylglcerol as a consequence of saline 
treatment as well as sistosterol: stigmasterol ratio in bean root (Cachorro et 
al., 1993). It seemed that these levels of salinity don’t significantly affect root 
development. This might be due to biochemembranes plant plasma 
membrane, which contains ATP-ase as it’s major in pump is a barrier 
controlling the process of transpority external salt into the cell (Brown and 
Dupont, 1989). Additionally, it generates an electric potential and pH gradient 
across the plasma membrane by extruding protons from the cell forms, the 
proton force that promote the secondary active transport across plasma 
membrane (Palmgren, 1991). In this connection, salinity caused a reduction 
in membrane potential, disturbed homeostasis, and loss of absorption 
capacity (Pakhomova, 1996). Increasing external concentrations of NaCl in 
media, root elongation was suppressed (Yermiyahu et al., 1997). So, water 
salinity did not affect overall clear root yield (Kaffka et al., 1999). 
 
Effect of stigmasterol treatments on top characteristics : 

Top characteristics viz, dry weight/ plant was significantly increased 
with stigmasterol application at root growth stage as shown in Table (2). 
While, leaf area and dry weight/plant these were significantly reduced 
compared with control at sugar accumulation stage. Magnitude values were 
obtained with the concentrations (10-6 and 10-4M) at the two developmental 
stages. It might be due to brassinosteroid indication through increasing 
lamina fresh weight, total water, free water contents and proton extrusion. In 
addition to, vascular differentiation, etiolation and reproductive development 
(Steven and Jenneth, 1998), which might increase the translocation of plant 
requirements of soil to plant organs. 
 
Effect of stigmasterol treatments on root characteristics : 

Data presented in Table (2) showed that root characteristics as, 
diameter and fresh weight were significantly increased with stigmasterol 
application at (10-6M) concentration during root growth stage. While, 
stigmasterol concentration (10-4M) gave the same effect on root diameter and 
length during sugar accumulation stage. Root fresh weight/plant was 
insignificantly increased with stigmasterol application. The used 
concentrations seemed to be sufficient to provide sugar beet plant with it’s 
needs of stigmasterol to consequent root growth. This positive effect  might 
be due to brassionsteroide role on plant developmental including cell 
expansion, and etiolation (Steven and Jenneth, 1998). In this concern, Abd 
El-Wahed (2001) found that root fresh and dry weight and root number 
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increased with sitosterol application to maize plant. 
 
Table 2: Effect of stigmasterol treatments on the growth haracters of 

sugar beet plants. 
Top characteristics 

Characters Root growth stage Sugar accumulation stage 

Stigmasterol 
treatments  

M 

Leaf area  
(cm2) 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Leaf area 
(cm2) 

Fresh 
weight 

(g) 

Dry 
weight 

(g) 

Control 2233.0 152.95 12.25 9018.6 158.73 46.85 

10-6 2242.4 170.43 13.43 3862.5 121.43 27.64 

10-4 1948.1 133.22 14.45 5029.4 153.14 31.81 

LSD at 5% NS NS 1.01 7.79 NS 3.58 

 
Root characteristics . 

Characters Root growth stage Sugar accumulation stage 

Stigmasterol 
treatments  

M 

Diameter 
(cm) 

Length 
(Cm) 

Fresh 
weight 

(g) 

Diameter 
(cm) 

Length 
(cm) 

Fresh 
weight 

(g) 

Control 2.25 19.0 54.6 6.86 22.17 266.33 

10-6 3.05 20.33 66.55 7.33 22.00 324.57 

10-4 2.18 17.33 45.53 7.60 22.20 311.1 

LSD at 5% 0.28 NS 11.59 NS NS NS 
 

Effect of stigmasterol treatments under soil salinity levels on top 
characteristics: 

The results presented in Table (3) showed that top characteristics 
(leaf area, fresh and dry weights) were significantly decreased with increasing 
soil salinity levels as well as stigmasterol concentrations during root growth 
stage. These characters were more affected with stigmasterol concentration 
(10-6 M) to protect sugar plant from soil salinity level injures. However, the 
maximal values of these characters were obtained with stigmasterol 
concentration (10-4 M) during sugar accumulation stage that significantly 
increased root dry weight. 
 

Table 3: Effect of stigmasterol treatments under soil salinity levels on top 
characters of sugar beet plants. 

Treatments  
Stigmasterol 

M 

Root growth stage Sugar accumulation stage 

Leaf area 
(cm2) 

Weight (g) 
Leaf area 

(Cm2) 

Weight (g) 

Salinity levels 
m mos (1:5) 

Fresh  Dry Fresh Dry 

Control 00 2233.6 152.95 12.25 9018.6 158.73 46.85 

0.59 
10-6 3141.5 188.35 13.60 5667.3 187.63 38.80 

10-4 2579.0 172.15 16.75 4209.2 120.63 33.00 

0.67 10-6 1891.6 164.8 14.95 2600.9 85.73 20.27 

10-4 1663.2 131.5 11.20 4558.4 182.60 29.60 

0.96 10-6 1694.0 158.15 11.75 3319.6 90.93 25.87 

10-4 1601.6 111.0 15.40 6320.4 156.63 32.83 

LSD at 5% 182.68 30.65 1.88 35.6 76.28 28.29 
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Stigmasterol effect on salinity levels might be due to increased sterol content 
in seedling. In addition, saline treatments caused a reduction in 
phospholipids, phosphatidylcholine, phosphatidyle thanolamine, 
phosphatidylserine and phosphatidylglycerol as well as sitosterol: stigmasterol 
ratio, (Cachorro et al., 1993). This effect could be recovered by stigmasterol 
application which is precursor of numerous secondary metabolites including 
plant steroid hormones (Genus, 1978). 
 
Effect of stigmasterol treatments under soil salinity levels on root 
characters: 

Root fresh weight was significantly decreased with increasing soil 
salinity levels as well as stigmasterol concentrations during root growth stage 
and root diameter at sugar accumulation stage as presented in Table (4). 
However, root length gave the opposite response to stigmasterol application 
under salinity levels. These results showed that stigmasterol concentrations 
(10-6M and 10-4 M) were more effective on salinity injury of root diameter and 
fresh weight  or length at root growth stage. While, stigmasterol concentration 
(10-4 M) gave the best control on soil salinity level at sugar accumulation 
stage. Length and fresh weight of root insignificantly increased with 
increasing stigmasterol concentration under salinity levels compared with 
control at sugar accumulation stage, while, it gave the opposite trend with 
root diameter. This effect might be due to a reduction in growth and 
elongation of tissues caused by salinity stress (Dey and Dixon, 1985 and 
Ashraf et al., 1986), which avoid by stigmasterol application. In this 
connection, sitosterol increased roots number, length, relative multiplication 
rate and relative extension rate of maize roots (Abd El-Wahed, 2001). 
 
Table 4: Effect of stigmasterol treatments under soil salinity levels on root 

characters of sugar beet plants. 
Characters treatments Root growth stage Sugar accumulation stage 

Salinity 
levels  

M mos (1:5) 

Stigmarterol  
M 

Diameter 
(Cm) 

Length 
(Cm) 

Fresh 
weight 

(g) 

Diameter 
(Cm) 

Length 
(Cm) 

Fresh 
weight 

(g) 

Control 00 2.25 19.00 54.60 6.86 22.17 266.28 

0.59 
10-6 4.35 17.50 100.10 7.33 21.67 327.40 

10-4 2.90 21.00 77.13 7.67 22.00 330.83 

0.67 106 2.15 13.00 50.65 6.33 19.67 258.63 

10-4 1.85 21.50 29.45 6.73 23.00 441.80 

0.96 10-6 2.65 18.50 48.90 6.27 21.00 204.4 

10-4 1.65 21.50 30.00 6.80 25.33 343.87 

LSD at 5% NS NS 51.62 1.4 NS NS 

 
Effect of salinity levels on leaves pigments and sugar contents: 

Data presented in Table (5) showed that leaves chlorophyll a and b 
contents were significantly increased with soil salinity increment.  The highest 
level of salinity (0.96 mmos) gave the highest chlorophyll contents. However, 
carotene content insignificantly increased as soil salinity level increased. In 
this respect, chlorophyll and carotenoid contents were reported to increase in 
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leave of plants subjected to salinity or drought or both (Hamada, 1996). This 
might be due to a slight enhancement of specific RNA observed in salt 
shocked and salt acclimated cells. High levels of flavodoxin protein were 
detected in cells acclimated to NaCl. which plays a role as an alternative 
electron carrier (Hagemann et al., 1999), that lead to accumulate large 
amounts of 5-aminolevulinic acid. Whereas, the protochlorophyllide is based 
on an increased formation of 5-aminolevulinic acid. (Hansson et al., 1997). 
Concerning the effect of salinity level of soil on leaf sugar contents, data 
presented in Table (5) showed that soluble and total sugar contents were 
significantly increased with increasing soil salinity level at root growth stage. 
The highest level of salinity (0.96 mmos) gave the highest values of leaf 
soluble and total sugar contents. Leaf total sugar content was significantly 
affected at sugar accumulation stage. Also, leaf nonsoluble sugar contents at 
both physiological stages were significantly decreased accomplishing with 
soil salinity level. Whereas, starch was degraded in response to high salt, to 
provide either low molecular mass osmotic component (Goyal et al., 1987) or 
sucrose (Rathert, 1985). 

That was contribute to the activities of key enzymes of succinate 
metabolism and the activity of soluble acid invertase (Dorion et al., 1996), 
which led to decrease hexose contentes and it also, dramatically enhance 
sucrose accumulation in all organs of the plants (Balibrea et al., 1997). 
 
Table 5: Effect of salinity levels on pigment and sugar contents of sugar 

beet. 
Leaves pigments and sugar contents 

Characters Vegetative growth stage Root growth stage 
Sugar accumulation 

stage 

Salinity 
levels 

Mmos (1:5) 

Pigments content mg/g Sugars Content % 

Chl.a Chl.b Carotene Soluble 
Non-

soluble 
Total Soluble 

Non-
soluble 

Total 

Control 1.06 0.80 5.34 5.03 8.99 14.02 4.85 2.32 7.17 

0.59 0.94 0.64 5.83 6.00 11.73 17.74 3.77 9.75 13.51 

0.67 1.09 0.78 6.64 7.88 10.18 17.23 5.27 8.23 12.67 

0.96 1.29 1.07 6.81 10.47 8.29 18.74 4.52 6.71 11.22 

LSD at 5% 0.11 0.17 NS 0.84 0.99 0.15 NS 1.33 1.07 

Root sugar contents 
Characters Root growth stage Sugar accumulation stage 

Salinity levels 
Mmos (1.5) 

Soluble 
% 

Total 
% 

Soluble 
% 

Sucrose 
% 

Glucose 
% 

Total 
% 

TSS 
% 

Control 30.44 54.22 50.00 54.42 19.07 19.02 11.33 

0.59 29.63 53.20 52.78 19.82 15.90 63.62 12.66 

0.67 27.94 54.90 53.33 19.21 17.59 66.38 12.88 

0.96 42.86 57.14 54.00 23.20 20.54 68.67 12.78 

LSD at 5% 4.61 1.08 NS 0.30 2.53 NS NS 

 
Effect of salinity levels on sugar content of root: 

Data of root sugar contents in Table (5) showed that soluble and 
total sugar contents was significantly increased during root growth stage but it 
was insignificantly affected at sugar accumulation stage. So, sucrose and 
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glucose were significantly increased. Similar trend was accurred concerning 
TSS contents in the roots.  These results showed that all sugar contents were 
related to soil salinity levels and sugar beet showed high response to (0.96 
mmos) salinity level. It might be due to that salinity caused an increase of 
glucose, fructose, soluble carbohydrate and change in sucrose content. 
Nevertheless it had no effect on photosynthesis (Dey and Dixon, 1985). In 
this respect, salinity enhanced sucrose accumulation in all organs of tomato 
plants (Balibrea et al., 1997). 
 
Effect of stigmasterol treatments on leaves pigments and sugar 
contents: 

Leaves pigments (chlorophyll a and b) were significantly increased 
with stigmasterol application as presented in Table (6). Application of 
stigmasterol at concentration of 10-6M gave the highest values of leaves 
chlorphyll components, which was sufficient to produce the best content of 
leaves pigments. The stigmasterol concentration (10-4M) gave the highest 
value of carotene compared with the other treatment. In this trend carotene 
increase was related to stigmenterol concentration. This might be due to the 
presence of stigmasterol as a free or combined with fatty acids or sugars or 
both in the cell. In this connection, brassinosteroids stimulated a variety of 
physiological responses including changes in enzymatic activities, membrane 
potential, DNA, RNA and protein synthesis (Mandava, 1988 and Szekers and 
Konez, 1998). Whereas, protein complex is a small double electron carrier, 
that can functionally replace ferrodoxin for almost all of it’s functions e.g. 
photosynthetic electron transport, nitrate reduction, fatty acid desaturation 
(Straus, 1994). A close binding of flavodoxin to PS1 has been demonstrated 
by chemical crosslinking, in which binding to the PS1 proteins (Muhlenhoff et 
al., 1996), that can transfer electrons. 

Concerning stigmasterol effect on leaves sugar contents, data 
presented in Table (6) showed that soluble and nonsoluble sugars were 
contrasted as their significant response to stigmasterol at root growth and 
sugar accumulation stages. These contents were higher with concentrations 
(10-6 and 10-4 M) of stigmasterol at both stages. Concequantly total sugar 
content was significantly related to stigmasterol treatments during both 
physiological stages compared with control. The highest concentration (10-4 
M) of stigmasterol was sufficient to produce the highest total sugar content. It 
might be due to epibrassinosteroide effect on regulation of the hydrolytic and 
transport activities of tonoplast photohydrolases, whereas, H+-ATPase was 
sensitive during growth and accumulation of metabolites, (Ozolina et al., 
1999). Meanwhile, Triase-P and 3-phosphoglycerate formed during 
photosynthesis move out of the chloroplast in strict counter exchange with 
inorganic phosphate on the phosphate translocator. In the cytosol, a series of 
enzyme reactions results in the synthesis of sucrose which is either 
translocated away or temporarily transferred to the vacule by facilitated 
diffusion (Nelson and Spollen, 1987). 
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Effect of stigmasterol treatments on root sugar content: 
Root total sugar content was significantly increased at root growth 

stage with stigmasterol application as presented in Table (6). While, sugar 
accumulation stage, all sugar contents were significantly enhanced compared 
with control except glucose content which was contrasted. The enhancement 
was positively accompanied with stigmasterol application. This showed that 
stigmasterol was effective on salinity control. It might be due to stigmasterol 
effect on numerous secondary metabolites including plant hormones (Genus, 
1978) and biological functions of sterylglucoside esters and 
sterylacylglucoside which were a sterol storge forms (Grunwald, 1982). In this 
concern, it has been shown that membrane sterol composition seems to have 
an effect on the activity of H+-ATPases in plant (Cook et al., 1989). Whereas, 
it affects triose 3 phosphoglycerate exchange with inorganic phosphate which 
produce sucrose in series of enzymatic functions (Nelson and Spollen, 1987). 
 
Table 6: Effect of stigmasterol treatments on pigments and sugar 

contents of sugar beet. 
Leaves pigments and sugar contents 

Characters Vegetative growth stage Root growth stage 
Sugar accumulation 

stage 

Stigmasterol 
treatments  

M 

Pigments content mg/g Sugars Content % 

Chl.a Chl.b Carotene Soluble 
Non-

soluble 
Total 

Solu-
ble 

Non-
soluble 

Total 

Control 1.06 0.80 5.34 5.03 8.99 14.02 4.85 2.32 7.17 

10-6 1.31 1.19 5.33 10.06 9.64 19.99 5.70 9.91 14.76 

10-4 0.93 0.49 8.61 9.22 11.61 19.73 3.01 12.46 15.76 

LSD at 5% 0.01 0.13 0.13 1.05 1.35 2.03 1.52 3.53 0.48 

Root sugar contents 
Characters Root growth stage Sugar accumulation stage 

Stigmasterol 
treatments  

M 
Soluble 

Total 
 

Soluble Total Sucrose Glucose TSS 

Control 30.44 54.22 50.00 54.42 19.07 19.02 11.33 

10-6 34.26 54.58 53.22 72.93 20.85 18.35 12.60 

10-4 35.73 56.10 56.22 71.31 22.34 16.66 14.33 

L.S.D at 5% NS 1.35 NS 9.17 1.55 NS 2.11 

 
Effect of stigmasterol treatments under soil salinity level on 
photosynthetic pigment and sugar contents of leaves: 

Leaves chlorophylls (a and b) were significantly increased with 
stigmasterol concentration (10-6M) under salinity level compared with control 
treatment. However, the increase in leaves carotene content was related to 
stigmasterol concentration (10-4 M) under salinity levels at vegetative stage 
as presented in Table (7). 

Concerning leaves sugar contents, the results in Table (7) showed 
that stigmasterol concentration (10-6M) under soil salinity level significantly 
increased soluble sugar content of leaves during root growth stage and sugar 
accumulation stage compared with control. While, nonsoluble sugar content 
gave the contrasted trend in the same stages. Total sugar content of leaves 
significantly increased during both physiological stages compared with control 
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with increasing stigmasterol concentrations and salinity levels. These results 
show that stigmasterol concentration (10-4 M) had more effect on sugar 
synthesis and translocation to storge organs under soil stress. It might be due 
to accumulation of protochlorophyllide (Hansson et al., 1997) and 
brassinosteroid effect on enzymatic activities membrane potential, DNA, RNA 
and protein synthesis (Mandava, 1988 and Szekers and Konez, 1998). 
 

Table 7: Effect of stigmasterol treatments under soil salinity 
levels on pigment and sugar contents of sugar beet 
Leaves. 

Characters 
Treatments 

 
Stigmas-

terol 
M 

Vegetative stage Root growth stage 
Sugar accumulation 

stage 

Pigment content mg/g Sugar content % 

Salinity 
levels 

Mmos (1:5) 
Chl..a Chl.b Carotene Soluble 

Non-
soluble 

Total Soluble 
Non-

soluble 
Total 

Control 00 1.06 0.80 5.34 5.03 8.99 14.02 4.86 2.32 7.17 

0.59 
10-6 1.34 0.95 4.66 6.78 12.45 18.54 3.72 11.46 15.19 

10-4 0.86 0.59 7.49 6.17 13.99 20.66 2.72 15.47 18.19 

0.67 10-6 0.98 0.77 5.65 9.34 10.60 19.80 7.77 7.65 15.38 

10-4 0.77 0.36 8.92 9.28 11.31 17.88 3.19 12.22 15.42 

0.96 10-6 1.62 1.87 5.67 14.05 7.56 20.77 5.60 8.12 12.82 

10-4 1.18 0.528 9.42 12.32 8.67 21.47 3.12 9.70 13.67 

LSD at 5% 0.16 0.25 NS 4.67 2.23 2.03 NS 4.14 2.44 

 
Effect of stigmasterol treatments under salinity levels on root sugar 
content: 

Root soluble sugar content was insignificantly changed with salinity 
level and stigmasterol combination during root growth stage compared with 
other treatments as presented in Table (8). Stigmasterol concentration (10-4 
M) under salinity level (0.96 mmos) at root growth and (0.59 m mos) during 
sugar accumulation stages gave the highest values of soluble sugar. So, root 
sucrose and glucose contents were significantly increased with combined 
treatments compared with control. 
 
Table 8: Effect of stigmasterol treatments under salinity levels on sugar 

percentage of sugar beet root. 
Characters Root  growth 

stage 
Sugar accumulation   

stage Treatments 

Salinity 
level Mmos 

(1:5) 

Stigmasterol 
M 

 
Soluble 

 
Total 

 
Soluble 

 
Sucrose 

 
Glucose 

 
Total 

 
TSS 

Control 00 30.44 54.22 50.00 19.07 19.02 54.42 11.33 

0.59 
10-6 30.90 52.12 47.67 18.93 12.36 59.93 12.33 

10-4 27.56 53.26 60.67 21.46 16.31 76.50 14.33 

0.67 10-6 28.10 57.88 56.33 19.17 19.35 71.33 12.13 

10-4 25.28 59.31 51.67 19.40 14.39 73.39 15.00 

0.96 10-6 43.79 52.60 55.67 24.20 23.33 64.04 13.33 

10-4 54.36 56.86 56.33 26.40 19.26 87.54 13.67 

LSD at 5% 26.57 5.99 NS 6.58 13.31 16.43 NS 
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However, their responses were contrasted. Whereas stigmasteral 

treatment (10-4 M) stimulate sucrose and (10-6 M) glucose synthesis. The total 
sugars were significantly increased with enhancement of both salinity level 
and stigmasterol concentration at both stages, in addition to its accumulation 
under saline stress (Balibrea et al., 1977). In this trend TSS was 
insignificantly increased with stigmasterol under salinity level combination. 
These results showed that stigmasterol concentration (10-4 M) was more 
effective to avoid salinity effect on total sugar content. Whereas steryl 
conjugates such as fatty acid glucoside esters and steryl acylyglucoside were 
a sterol storage forms (Grunwald, 1982). 
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 محمد سالمة أحمد عبد الواحد ، زكريا أمين على
 المركز القومى للبحوث –عية الشعبة الزرا -قسم النبات 

 

 

 ةذر  بدراةذل  –جيذو   –دقذو  –حثذاف تم إجراء هذاا ابحثذف  ذو ةذاحل ا ب رلذو ابلذا و ب 
 ع و ةذفا  تأثير االةتج اةتيرال ابفةياباجو ب تغ ب ع و تأثير اب  اثل  و حنجر ابةلر حدراةل ابتأثير
 ابن ا، اب ثةال، ابةحغا  )ل ارا يل أ، ب( اابلاراتين الابك ابةلريا  حأجواء ابنحا  

، 0.59 ابثذل حذث ف ترليذوا     )  ذو ترحذل Rass polyتم وراعل حذاار حنجذر ابةذلر ب ةذن  
ةذتيرال    ي ذاو(  اقذد تذم رال االةتج ا 0.36ا   ي او( حاإلضا ل ب لنترال )ترحل غير  ابثذل  0.96، 0.67

 تذو يذام  ذن ابوراعذل  ذو  رث 75يذام ،  45 ابر( تث  لل  ةتاى   اثل  رتين حعذد  4-10، 6-10حترليو )
 ف  لررا  تة يم اب ةتخدم ها ابلطع  اب نشلل  ر  ااثد   و ث ابن ا ابخضرى ان ا ابجاار ب حنجر الان اب

 وتتلخص النتائج كاآلتى:
بلد انخفض  ةفا  اب ج اع ابخضرى ) ةاثل األاراق/ نحا  ااباون ابغض اابجذا  ب ل ذل  -

 ةذتاى  حابنحا ( اةفا  ابجار )ابلطر ، اباون(  عناياً اواد طال ابجار غير  عنايذاً حويذاد 
 اب  اثل 

ً واد -    ابةفا  ابخضريل ) ةاثل األاراق/نحا  اابذاون ابغذض اابجذا  بل ذل ابنحذا (  عنايذا
 ذابر(  ذو  رث ذل تذرالم ابةذلر اانخفضذ  ابةذفا   6-10حإضا ل اإلةتج اةتيرال حترليذو )

 األخرى  عناياً 
-10 بلد واد  ابةفا  ابخضريل بنحا  ابحنجر وياد   عنايل حإضا ل االةتج اةذتيرال حترليذو -

جار  ع  ابر  و  رث ل ترالم ابةلر حاب 4-10بر  و  رث ل ن ا ابجار حين ا لان ابترليو  ا 6
  ةتايا  اب  اثل اب خت فل 

رال اباون ابغض( وياد   عنايل حإضا ل ترليو االةتج اةتي –بلد واد  ةفا  ابجار )ابلطر  -
ا ل ر حابجار حإض ابر(  و  رث ل ن ا ابجار اوياد  غير  عنايل  و  رث ل ترالم ابةل10-6)
  ابر(  10-4)

ويذاد  حواد   لانا  األاراق  ن ابةحغا  )ل ارا يل أ، ب(  عناياً اابلاراتين غير  عنايذاً  -
رث ل ن ذا ل ا واد  ثتاى األاراق  ن ابةلريا  اباائحل اابل يل  عناياً  و   –ترليو اب  اثل 

 ابجار اانخفض  غير  عناياً  و  رث ل ترالم ابةلر حابجار 
  بجذار ويذادبلد أد  وياد  اب  اثل إبو وياد  ابةلريا  اباائحل اابل يل حابجار  و  رث ذل ن ذا ا -

نذل  عنايل الابك  ثتاى ابجار  ن ابةلراو اابج الاو  و  رث ل ترالم ابةذلر حابجذار  لار
 حابلنترال 

ل تيراواد  ثتاى األاراق  ن ابةحغا  )ل ارا يل أ،ب( حوياد  اب  اثذل اإضذا ل االةتج اةذ -
ليذو  ابر(  ذو  رث ذل ن ذا ابجذار حين ذا واد  ثتذاى ابةذلريا  ابل يذل   ذع ابتر 6-10حترليو )

  ابر  و  رث ل ترالم ابةلر حابجار  10-4
ثذذل واد  ثتذاى ابةذذلريا  ابل يذذل  عنايذذاً  ذذو  رث ذذل ن ذا ابجذذاار حويذذاد  ترليذذو لذذل  ذذن اب  ا -

لم  ل االةتج اةذذتيرال  ذذو  رث ذذل تذذراااالةتج اةذذتيرال  حين ذذا لانذذ  ويادتوذذا  عنايذذاً حإضذذا
 ابةلر حابجار 

ل  واد  ثتاى ابجذاار  ذن ابةذلراو  عنايذاً حويذاد  ترليذو لذ   ذن اب  اثذل ااالةتج اةذتيرا -
 الابك ابج الاو حوياد  ترليو اب  اثل  و  رث ل ترالم ابةلر حابجار 


