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ABSTRACT 

 
Two field experiments were conducted in new reclaimed soil at Nobaryia, Behaira Governorate, Egypt  

during the two winter seasons 2008/2009 and 2009/2010 to study the effect of derby herbicide (Florasulam + 
Flumetsulam) with or without β-sitosterol on the growth and yield of wheat cv. Gemmeiza 10 plants and 
associated weeds. The herbicide was applied at the recommended dose (30ml/fed.) and higher dose (46ml/fed). 
β-sitosterol was applied at the concentrations, 0, 25, 50 and 100 ppm. The results revealed sever reduction in 
broadleaved weed growth, while little effect was obtained on grass weed growth was due to the herbicide. Derby 
herbicide alone or in combination with β-sitosterol - especially at 50 ppm- caused a significant increase in 
growth and yield of wheat plants expressed in 1000 grain weight and grain yield (kg/fed.). The increase in 
growth and yield was concomitant with increase in different metabolic processes in wheat leaves such as protein 
and carbohydrates beside to chlorophyll and phenol contents. The results suggested availability of using the 
bioregulator β-sitosterol with derby herbicide to avoid the derby herbicide negative effect on growth and yield 
of wheat plants without affecting the selectivity and the efficacy of the herbicide on weeds. 
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Introduction 

 
Wheat is one of the most important food crops in the world. So, increasing wheat production must be a 

national interest to minimize the gab between production and consumption.  
Weeds are one of the most important factors of wheat yield reduction. The weeds compete with wheat 

plants for light, water and minerals (Lehoczky and Reisinger, 2003) and caused a significant yield reduction of 
wheat amounted 30-61% (Abd El-Samie, 2001; El-Kholi and Metwally, 2001) as compared to weed free 
control.  

Herbicides are considered the main option to control weeds effectively in wheat fields. Derby 
(Florasulam+Flumetsulam) is a selective herbicide related to groups that control broadleaved weeds through 
inhibiting branched chain amino acids (leucine, isoleucine and valine) by inhibiting one key plant enzyme 
acetolactate synthase (Buker et al., 2004).                     

It was found that Derby significantly decreased the population and biomass of weeds grown in wheat fields 
as compared to unweeded treatment (Baghestani et al., 2007, El-Metwally and El-Rokiek, 2007, Abouziena et 
al., 2011). 

It has been found that some herbicides had retardant effects on crop plants and these negative effects could 
be avoided or reduced by application of some growth agents or safeners (Hassan et al., 1996, Hassan, 1998; El-
Rokiek, 2002 & Hassan and Gad, 2003). Exogenous application of phytohormones or other natural plant 
products could compensate certain metabolites that were eliminated by herbicide treatment. Stigmasterol and 
sitosterol are major constituents of the sterol profiles of plant species. Those are growth regulators and signaling 
molecules essential for normal plant growth along with auxins, cytokinins, gibberellins, abscisic acid and 
ethylene (Clouse, 1997). Regulate biological processes and sustain the domain structure of cell membranes 
whereas, are considered as membrane reinforcers (Schaeffer et al., 2001 and Ribeiro et al., 2007). Plant growth 
regulators are involved in the embryonic growth of plants (Schrick et al., 2002 and Schaller, 2004). Steroidal 
compounds had a regulatory significant function in cell elongation and division, vascular differentiation and 
other diverse developmental programs (Sasse, 2003). In wheat plant, cell elongation, differentiation as well as 
chemical constituents were altered by brassinosteroids (Janeczko and Swaczynova, 2010, Janeczko et al., 2008, 
2009, 2010 and 2011). Plant sterols had the ability to confer resistance to plants against various a biotic stress 
(Priti, 2003). Stigmasterol is being precursor of numerous secondary metabolites including plant steroid 
hormones (Noguchi et al, 2000). It affected strongly growth and flowering (Abd El-Wahed et al., 2000, Abd El-
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Wahed and Gamal El-din, 2004, Ayad et al., 2009) by affecting protein mechanism and other constituents (El-
Lethy et al., 2010).  

Depending on the previous review an attempt was carried out to examine the availability of using β-
sitosterol to avoid the derby herbicide negative effect on growth and yield of wheat plants. 

 
Materials and Methods 

 
Two field experiments were conducted under the conditions of new reclaimed soil of El Nobaryia, El 

Behaira,Egypt in the winter seasons of 2008/2009 and 2009/2010 to study the effect of the derby herbicide 
(Florasulam+Flumetsulam) and β-sitosterol (22,23-Dihydrostigmasterol, Stigmast-5-en-3-ol,) alone or combined 
in sequence on controlling weeds in wheat fields. The soil of the experiments was sandy; the physical and 
chemical characteristics of the soil are shown in Table 1. Wheat seeds (Triticum aestivum L) cv Gemmeiza 10 
was sown broadcast at 70kg/feddan on the second week of November in both season.  The experimental unite 
(plot) area was 10.5m2 [feddan = 4200m2]. Phosphorus and potassium fertilizers were added before sowing at 
rates 46.5 and 50 kg/fed as super phosphate (15.5 % P2O5) and potassium sulphate (48% K2O), while nitrogen 
fertilizer was added at a rate 70 kg N/fed as ammonium nitrate (33.5%N) at three equal doses after 21 , 42 and  
63 days from sowing.  

The treatments were: 
1- Unweeded; 2-Hand weeding after 35 days from sowing; 3- Derby (30ml/fed.); 4)Derby (46ml/fed; 

5- B- sitosterol (25mg/L); 6-B- sitosterol (50mg/L); 7 -B- sitosterol (100mg/l);  8-Derby (30ml/fed.) + B- 
sitosterol (25mg/L); 9-Derby (30ml/fed.) + β-sitosterol (50mg/L); 10-Derby (30ml/fed.) + β- sitosterol 
(100mg/L); 11-Derby (46ml/fed.) + β-sitosterol  (25mg/L); 12-Derby (46ml/fed.) + β- (50mg/L) and 13-Derby 
(46ml/fed.) + β-sitosterol  (100mg/L). Derby herbicide was sprayed with knapsack sprayer after 28 days from 
sowing. Derby  herbicide 175Sc (Florasulam + Flumetsulam) is selective herbicide, its chemical name is N-(2, 
6-difluorophenyl-8-fluoro-5-methoxy[1,2 4] triazolo[1,5- c]pyrimidine-2-sulfonamide+ N-(2,6-difluorophenyl-
8-fluoro-5-methyl[1,2 4] triazolo [1, 5-α] pyrimi-dine-2- sulfonamide. β-sitosterol was sprayed one week after 
herbicide application. 

 
Wheat and weed samplings: 
 
 Weed samples from one square meter were taken randomly from each plot at 60 and 90 days after sowing 
(DAS) and the fresh and dry weight of broadleaf, narrow leaf and total weeds were recorded. Samples of ten 
wheat tillers at grain filling stage were taken randomly from each plot to measure plant height, fresh and dry 
weight, spike length, and number of spikelets/spike, number of grains/spike, weight of grains/spike and 1000-
grain weight (g). At harvest, number of spikes/m2

, grain yield (kg/fed) and straw yield (ton/fed) were recorded 
by harvesting the whole plot area. 
 
Table1: Physical and chemical analysis of the experimental soil  

                                       Character Value 
 

Physical analysis 
 

Sand % 75.6 
Silt % 17.4 
Clay % 5.5 
Texture Sandy 

 
 
 

Chemical   analysis 

PH 7.9 
CO3  

HCO3 25.0  mg kg-1soil 
Cl- 10.0 mg kg-1soil 

Ca+2 25.0 mg kg-1soil 
Mg+2 10.0 mg kg-1soil 
Na 13.0 mg kg-1soil 
K+ 5.0 mg kg-1soil 

EC (dS m-1). 1.1 
 

Biochemical analyses: 
 
Determination of photosynthetic pigments: 

 
Chlorophyll a, b and carotenoids (mg/g) were extracted from fresh leaves according to the producer of 

Wettstein (1957). 
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Determination of some biochemical constituents: 

 
Total carbohydrate were extracted from dry finaly ground leaves as well as grains according to Herbert et 

al. (1971) and estimated colourimetrically by the phenol-sulphoric acid method (Montogomery 1961), protein 
according to the method of Lowery et al. (1951),and  total phenols according to Snell and Snell (1953). 
 
Statistical analysis: 

 
The experimental design was complete randomized Block plot with three replicates. The data obtained were 

submitted to standard analysis of variance procedure of design; LSD values were obtained when F values were 
significant at 5% level (Snedecor & Cochran, 1980). 

 
Results: 
 
Weeds: 

 
The common weeds in both growing seasons were Chenopodium album L., Ammi majus L., Coronopus 

squamatus, L. Melilotus indicus L. and Centaurea calcitrapa as broadleaved weeds, while the grassy weeds 
were Avena fatua L. and Lolium multiforum L.  

Significant reduction in fresh and dry weight of broadleaved weeds was achieved with the application of 
derby herbicide at both doses (30&46ml/fed.), especially with the higher dose (46ml/fed.), where the 
broadleaved weeds reached to complete death. On the other hand, the two doses of the herbicide failed to give 
satisfactory control of grassy weeds (Table 2). However, the combined application of derby herbicide (30 
ml/Fed) and β-sitosterol (50ppm) was more significantly effective at both stages (vegetative and heading) stages 
of wheat plant on broad weeds than the other treatments. In the same trend, derby herbicide (46 ml/fed) and β-
sitosterol (100ppm) combination was significantly effective on fresh and dry weight of grassy weeds at both 
stages of wheat plant. The control of grassy weeds (represented by dry weight) by combined application ranged 
from about 28 to 45% of the untreated control. Weed control was more consistent when the herbicide and β-
sitosterol were used compared with single application of both compound. 

 
Table 2: Effect of derby herbicide and β-sitosterol on fresh and dry weight of broadleaved weeds and grasses associated with wheat crop  
              (Average of the two seasons)  

 
Treatments 

 

 
 

Concentration 
(ppm) 

At 60 days after sowing At 90 days after sowing 
Fresh weight (g/m2) Dry weight (g/m2) Fresh weight (g/m2) Dry weight (g/m2) 

Broadleaf Grasses Broadleaf Grasses Broadleaf Grasses Broadleaf Grasses 

β-sitosterol 
25 162.7 94.2 24.7 13.2 356.0 292.0 44.7 40.9 
50 158.0 92.5 24.3 13.4 348.0 285.0 42.7 38.0 
100 153.3 90.2 22.1 12.2 333.3 259.3 39.9 36.7 

Derby 
(ml/fed) 30 16.6 85.1 2.8 11.2 38.7 252.0 5.4 37.0 

Derby + β-
sitosterol 

+25 31.5 83.2 5.4 10.5 20.1 257.7 3.5 34.5 
+50 5.7 77.8 2.5 10.4 7.2 246.3 1.5 34.3 
+100 11.9 80.1 2.3 10.3 15.7 242.0 2.8 34.7 

Derby 
(ml/fed) 46 6.0 78.2 1.2 9.6 8.3 234.3 1.9 32.5 

Derby + β-
sitosterol 

+25 13.6 82.0 4.1 9.2 16.1 225.3 3.1 30.2 
+50 9.5 76.9 1.7 9.0 11.6 220.3 2.6 28.5 
+100 7.19 68.1 1.3 8.7 10.1 213.0 2.1 27.0 

Hand-
weeded - 38.25 26.3 6.7 3.3 78.6 57.2 18.2 10.8 

Unweeded - 187.22 108.9 25.6 14.6 391.6 306.7 54.3 49.2 
LSD at 5% 2.03 3.18 0.37 0.471 4.73 6.97 0.941 1.39 

 
Wheat: 
 
Vegetative growth: 

 
Single application of β-sitosterol up to 100ppm induced a significant increase in plant height as well as 

number of leaves/plant compared with the unweeded or untreated control. A significant increase was detected 
with the combined application of both the derby herbicide and β-sitosterol. Maximum significant increases in 
plant height and number of leaves/plant were achieved with the moderate concentration of β-sitosterol (50ppm) 
and the recommended dose (30ml/fed) of the herbicide (Table 3) at the vegetative and heading stages as 
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compared to the unweeded check. This treatment provided the greatest significant increases in fresh weight at 
both vegetative and heading stages which exceeded 260% over the untreated control. The increase in fresh 
weight was accompanied by dry matter accumulation as compared to the untreated control. However, there were 
insignificant responses in number of tillers/plant.   

 
Yield and its components: 

 
The results reveal significant increase in number of spikes/m2, spike length, number of spikelets/spike and 

number of spikes/plant with all treatments. The increase was higher with using the combined application of 
derby herbicide and β-sitosterol than individual treatments of both (Table 4). Remarkable increase was obtained 
with the application of recommended dose of the herbicide and β-sitosterol at (50ppm). However, the lowest 
results were recorded with unweeded control.                                                                                                                                                     

Treating wheat plants with herbicide alone or in combination with β-sitosterol appeared to enhance 
significantly weight of grains/spike, weight of 1000 grains (g) as well as grain yield (kg/fed.) in comparison to 
the unweeded control. The increase was noticeable with combined application than individual treatments of the 
herbicide or β-sitosterol (Table 4). The increase in grain yield exceeded unweeded treatment by 150% with the 
combined treatment of the herbicide (30ml/fed.) and β-sitosterol (50ppm). There was significant increase in 
straw yield (kg/feddan) of all treatments. The increase was higher with combined application of derby herbicide 
and β-sitosterol (Table 4). Derby herbicide (recommended rate) and β-sitosterol (50ppm) treatment caused the 
highest value of straw yield (175.6% over unweeded check). 

 
Biochemical constituents in wheat leaves: 
 
Photosynthetic pigments: 

 
The data indicate that β-sitosterol, derby herbicide and their combination stimulated significantly the 

synthesis of chlorophyll a, chlorophyll b and carotenoid (Figs.1&2) in comparison to the unweeded control. The 
increasing herbicide rate reduced the photosynthetic synthesis. The combined treatments induced higher 
contents than individual treatments. The treatments (β-sitosterol + the recommended dose (30ml/feddan) of the 
herbicide were found to be the optimum treatment at which maximum contents of chlorophyll a&b and 
carotenoids were obtained. 

 
Table 3: Effect of derby herbicide and β-sitosterol on some growth criteria of wheat plants (Average of the two seasons).             

 
Treatments 

 

Concentrati
on (ppm) 

At vegetative stage At heading stage 
Plant  
height 
(cm) 

No. of 
 .tillers 

No. of 
leaves 

FW (g/ 
plant) 

DW 
(g/ 
plant) 

Plant. 
height 
 (cm) 

No. of  
tillers 

No. of 
leaves 

FW (g/ 
plant) 

DW 
(g/ 
plant) 

 
β-sitosterol 

25 37.0 2.1 8.9 7.0 1.2 64.5 4.0 18.5 14.4 3.4 
50 41.0 2.3 10.6 11.0 2.2 71.0 3.7 18.6 17.6 4.0 
100 42.5 2.3 11.8 11.8 2.4 68.0 4.1 20.3 18.0 4.1 

Derby 
(ml/fed) 30 47.0 3.1 14.0 18.5 3.4 74.0 5.0 25.2 29.5 6.9 

Derby + β-
sitosterol 

+25 43.5 3.0 12.2 16.2 2.6 71.0 4.6 24.8 24.5 5.5 
+50 49.5 3.1 12.8 22.3 3.6 76.0 5.1 28.2 34.4 7.4 
+100 41.5 3.0 12.2 14.3 3.6 69.5 4.2 22.5 20.0 4.6 

Derby 
(ml/fed) 46 46.0 3.0 12.6 17.7 2.6 71.0 4.6 23.3 26.0 6.2 

Derby + β-
sitosterol 

+25 42.4 3.0 12.1 11.0 2.0 68.5 4.7 23.0 19.3 4.2 
+50 47.5 4.0 12.6 14.1 2.6 69.0 4.3 21.6 24.5 5.4 
+100 41.0 2.9 12.1 11.8 2.5 64.5 4.3 21.0 18.4 4.0 

Hand-
weeded - 51.5 3.4 14.2 24.0 3.9 83.0 4.8 22.6 35.0 8.1 

Unweeded - 34.0 2.1 6.5 5.7 0.9 54.5 2.5 16.3 9.3 2.1 
LSD at 5% 1.73 NS 0.6 1.2 0.16 1.81 NS 0.95 1.16 0.24 

Abbreviation: DW= Dry weight,               FW= Fresh weight,                   No. = number 
 

Carbohydrate and protein contents: 
 
β-sitosterol at the three concentrations (25,50&100 ppm) enhanced  the carbohydrate and protein synthesis 

significantly in wheat leaves (Table 5) at vegetative and heading stages. Derby herbicide in combination with β-
sitosterol induced similar significant changes but higher than single ones in comparison to the unweeded 
control. Maximum contents of both were verified with combination of the recommended dose of derby 
herbicide with β-sitosterol at 50ppm. 
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Free amino acids and phenol contents: 

 
The data indicated that individual treatments of β-sitosterol, the derby herbicide or their combination exert 

opposite action on both phenols and free amino acid contents, i.e. the effects on carbohydrate and protein 
synthesis were accompanied by suppression in free amino acid and phenol contents in comparison to the 
unweeded control (Table 5). 

 
Table 4: Effect of derby herbicide and β-sitosterol on yield and yield components of wheat plants (Average of the two seasons).             

 
Treatments 
 

 
 
Concentration 
 (ppm) 

Yield and Yield components  
Spike 
length 
(cm) 

No. of 
spikes   
/plant 

No. of  
spikes/m2 

No.of 
spiklets/spike 

Spike 
grain      
weight 
 (g) 

1000 
grain  
weight 
(g) 

Grain 
 yield 
(kg/fed) 

Straw 
yield 
(kg/fed) 

β-sitosterol 25 8.1 4.8 269 20.0 5 3 1000 2316 
50 9.1 5.4 243 19.0 7  1320 3120 
100 8.5 6.0 230 8 4  1104 2568 

Derby 
(ml/fed) 

30 10.4 
7.5 300  2.0 

41.8 1968 
4548 

Derby + β-
sitosterol 

+25 7 6.2 297 8 2.3 5 1752 4536 
+50 5 7.6 386  .5  2200 4896 
+100 5 6.1 329 8  8 1624 3996 

Derby 
(ml/fed) 

46 9.4 
7.2 286 .7  

 1400 
3780 

Derby + β-
sitosterol 

+25 11.0 6.8 353  2 34.4 1584 3360 
+50 11.4 6.3 329   40.0 1784 4488 
+100 8.9 6.3 269    1032 2532 

Hand-
weeded 

- 1 
7.2 389 8  

1 2312 
4728 

Unweeded -  3.8 214  7  864 1776 
LSD at 5% 0.6 0.8  1.14 0.12 2.39 50.36 110.3 

 

 
 
Fig. 1: Effect of derby herbicide (ml/fed) and β-sitosterol (ppm) on chlorophyll a,chlorophyll b and carotenoid  
            contents of wheat leave plants at vegetative stage (Average of the two seasons). 
 

 
Fig. 2: Effect of the herbicide derby (ml/fed.) and β-sitosterol (ppm) on chlorophyll a, chlorophyll b and  
            carotenoid contents of wheat leave plants at heading  stage (Average of the two seasons). 
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Table 5: Effect of derby herbicide and β-sitosterol on some chemical constituents in wheat leaves (Average of the two seasons).       

 
Treatments 

 
 
Concentrat
ion (ppm) 

At vegetative stage At heading stage 
Total 
Phenols  
(mg/gD
W) 
 

Carbohydr
ate 
 % 

Free 
amino 
acids  
(mg/gDW
) 

Protein 
% 

Total 
Phenols 
(mg/g 
DW) 
 

Carbohydr
ate  
(%) 

Free amino 
acids 
(mg/gDW) 

Protein 
% 

β-sitosterol 25 19.1 33.0 52.1 6.6 15.2 38.8 18.6 11.1 
50 25.2 43.6 6.0 8.5 20.6 41.2 22.2 12.5 
100 30.3 44.0 42.4 10.01 21.3 42.2 21.4 13.9 

Derby 
(ml/fed) 

30 
21.8 55.8 22.0 16.9 22.1 51.6 14.9 19.0 

Derby + β-
sitosterol 

+25 14.4 61.2 19.3 17.8 19.1 63.6 12.6 21.2 
+50 14.9 81.8 25.6 21.1 20.6 55.2 17.4 24.6 
+100 17.4 58.7 18.3 13.8 19.2 48.6 17.1 23.1 

Derby 
(ml/fed) 

46 
16.3 34.8 32.0 10.8 25.4 41.7 16.3 14.7 

Derby + β-
sitosterol 

+25 19.5 43.7 27.0 11.2 18.6 42.0 14.6 16.3 
+50 15.0 81.6 19.3 13.9 20.4 49.2 23.3 21.0 
+100 18.9 57.6 29.5 11.3 22.0 45.0 19.2 13.9 

Hand-
weeded 

- 19.1 
84.1 19.4 36.0 14.6 65.6 15.9 29. 9 

Unweeded - 26.4 29.1 36.2 4.7 21.3 31.8 17.7 7.9 
LSD at 5% 2.2 2.3 3.3 0.94 0.9 1.4 1.3 2.2 

                      
Biochemical constituents in grains: 

 
Carbohydrate contents increased significantly in the grains as response to individual treatments of β-

sitosterol, derby herbicide and their combination (Table 5). Increased protein contents in the grains due to β-
sitosterol and their combination with the herbicide was also evident. Marked increases of both carbohydrate and 
protein were recorded with combined treatments compared to the unweeded control. The highest values were 
detected in handweed treatment followed by combined treatment of both concentration of herbicide and 50ppm 
of β-sitosterol 

 
Table 6: Effect of derby herbicide and β-sitosterol on the percentage of carbohydrate and protein in wheat grain (Average of the two 

seasons). 
 
Treatments 
 

 
Concentration (ppm) 

 
Carbohydrate % 

 
Protein 
% 

β-sitosterol 25 51.0 13.2 
50 50.2 11.9 
100 45.7 11.6 

Derby (ml/fed) 30 67.1 17.8 
Derby + β-sitosterol +25 61.0 19.2 

+50 66.3 27.4 
+100 65.2 25.3 

Derby (ml/fed) 46 54.3 17.4 
Derby + β-sitosterol +25 59.7 18.9 

+50 63.5 24.9 
+100 60.2 25.8 

Hand-weeded - 68..8 28.7 
Unweeded - 42.9 10.0 
LSD at 5% 2.7 0.5 

 
Discussion: 

 
Protective agent protects crop plants from herbicide damage without reducing activity in target weed 

species (Davies and Caseley, 1999, Moran et al., 2011). Various attempts were developed to reduce the negative 
effects of the recommended rates of herbicides. Thus altering the phytotoxicity of the herbicide on crop plants 
(Benavides et al., 2000, Rapparini et al., 2000 and El-Rokiek et al., 2007). 

The results obtained reveal that foliar spray with the recommended dose (30ml/fed.) and higher dose 
(46ml/fed) of derby herbicide caused a greatly significant inhibition in the fresh and dry weight of broadleaved 
weeds (Table 2) at vegetative and heading stages of wheat reaching nearly to complete death. However, little 
inhibition was detected in narrow weeds. Several workers recorded control of broad leaved weeds by derby in 
wheat (Baghestani et al., 2007, El-Metwally, El-Rokiek, 2007 and Abouziena et al., 2011).   

The results obtained show that the inhibition in weed growth caused by derby herbicide was accompanied 
by an increase in different growth parameters of wheat plants (Table 3). Thus, a highly significant increase in 
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plant height, fresh and dry weight, at the two tested stages of growth and development of wheat plants was 
obtained. The enhancement in growth and development of wheat due to weed control by derby was found by 
several workers (Baghestani,et al., 2007, El-Metwally and El-Rokiek, 200 and Abouziena et al., 20117), Geisel 
et al. (2008) and Raatz et al. (2011).   

The results also show that different concentrations of β-sitosterol induced increase in the growth parameters 
of wheat plants (Table 3) as plant height, fresh and dry weight. Additional significant increase was recorded due 
to dual treatments of β-sitosterol up to 100 ppm (especially at 50ppm) and derby herbicide. In general, growth 
promotion caused by sterols in many plants was recorded (Abd El-Wahed et al., 2000, Ayad et al., 2009, 
Janeczko and Swaczynova, 2010 and Janeczko et al., 2008, 2009 and 2010. This effect might due to steroidal 
compounds function in cell elongation and division, vascular differentiation and other diverse developmental 
programs (Sasse, 2003).  

Many research workers applied exogenous some growth agents with the herbicides in attempts to avoid the 
phytotoxic action of these herbicides without affecting the herbicide selectivity on weeds (Davies and Caseley, 
1999, Abd El-Wahed et al., 2003, El-Rokiek et al., 2007 and Abouziena et al., 2011; Moran et al., 2011). Thus, 
the greater influence of combined treatments on the extension growth of wheat than individual one might be due 
to β-sitosterol role on regulatory function in plant development (He et al., 2003). This conclusion was supported 
by El-Lethy et al. (2010), Janeczko and Swaczynova, 2010, Janezko et al., 2008, 2009 and 2010 and Eskandari, 
2011). 

The growth promotion of wheat plants were concomitant with parallel increase in yield expressed as 
increased number of spikes per plant, number of spiklets per spike and grain yield per spike, weight of 1000 
grain (Table 4). These reflected on significant increases in the grain yield (yield/fed.) resulted.                                                                   

Increased metabolic activity of wheat plants was assumed to result mainly due to corresponding increase in 
photosynthetic pigments (Figs. 1&2) as well as  the contents of carbohydrate (Coruzzi and Last, 2000). In 
addition to increase of protein synthesis  (Table 5) that might be due to β-sitosterol effect on enzymatic activities 
of membrane potential DNA, RNA (Mandava, 1988). In this respect, Noguchi et al. (2000) concluded that β-
sitosterol play a role in plant phytochemical mechanisms through affecting the metabolism of protein, phenols 
and polyphenol oxidase activity. Moreover, application of β-sitosterol was accompanied in the present work 
with increase in phenol content (AbdEl-Wahed et al., 2003).                                                                                    

Thus, the above-mentioned pattern was also recorded with regard to the contents of different carbohydrate 
and protein contents of the wheat grains.  
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