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ABSTRACT 
 

Two field experiments were carried during the two successive winter seasons of 2009 and 2010 at the 
experimental station of the Agriculture Research Center (ARC), Kafr El-Zayat, El-Gharbia Governorate, Egypt 
to study the response of potato plant (Solanum tuberosum L.) cv. Valor to foliar application of yeast extract and 
manganese on vegetative growth, yield and tubers quality of potato plants as well as nutritional value of tubers. 
The experiment included 12 treatments representing the interaction of three yeast extract (0, 2 and 4 g/l) with 
four mangance concentrations (0, 100, 200 and 300 ppm). Results showed that increasing of foliar application of 
active yeast extract up to 4 g/l. improved the vegetative growth characters of potato plants as expressed as plant 
length, stems and leaves number/plant, leaf area/plant, fresh and dry weights of whole plant. Likewise, 
increasing of manganese concentrations up to 300 ppm enhanced the vegetative growth characters as mentioned 
previously. Both foliar spray of yeast extract at 4g/l. and manganese at 300 ppm resulted in the highest values of 
vegetative growth characters. Productivity of potato plants and tubers quality such as specific gravity, starch 
percentage, crude protein percentage and dry matter percentage as well as N, P, K and Mn contents showed 
observed improvement to different yeast concentrations. Whereas, they were increased with increasing the yeast 
concentrations in both seasons. The above mentioned findings take the same trend with manganese 
concentrations. Moreover, both foliar application of yeast extract at 4 g/l. and manganese at 300 ppm gave the 
highest total tubers yield (ton/fed.);   feddan = 4200 m2 and tubers quality.  
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Introduction 
 

Potato (Solanum tuberosum L.) is the fourth important crop in the world after wheat, maize and rice. It is 
known as a favorite crop and considered as one of the most important vegetable crops in Egypt where it grows 
under different environmental conditions (Ahmed, 1994 and 1999). It is recognized as one of the most important 
vegetable crops for local consumption and exportation. It is cheap source of energy due to it contains high levels 
of carbohydrates and significant amounts of vitamins B and C and minerals (Stephen, 1999; Tigoni, 2005 and 
Muthoni and Nyamango, 2009). It is used in various forms such as french fries, chips, starch and alcohol 
production.  

Potato plays an important economic role as a food as well as a cash crops and much foreign exchange can 
be earned by potato exportation to other contries (Ahmed, 1999 and Pervez et al., 2000). Both yield and quality 
of potato are affected by variety, environmental conditions and cultural practices (Westermann, 2005).  

Yeast as a natural source of cytokinins stimulates cell division and enlargement as well as the synthesis of 
protein, nucleic acid and chlorophyll (Spencer et al., 1983; Castefranco and Beale, 1983 and Hewedy et al., 
1996). It contains many nutrient elements and productive compounds of semi growth regulator compound like 
auxins, gibberellins and cytokinins and it is used as soil fertilization or as foliar application on the vegetative 
growth of vegetable crops (Glick, 1995 and El-Ghamriny et al., 1999).  

Many investigators reported that spraying plants with yeast extract improved plant growth, yield and potato 
quality (Yeo et al., 2000; Abdel-Mouty et al., 2001; Awad, 2002; Mahmoud, 2004 and Gomaa et al., 2005).  

Moreover, Hussain and Khalaf (2007) reported that spraying yeast solution increased the vegetative growth 
characters, yield/ plant, tubers dry matter percentage and total soluble solid (TSS).  

Likewise, Sarhan and Abdulah (2010) found that yeast treatments caused gradul significant increase in 
potato plant growth, total chlorophyll and shoots dry matter percentage.  

Recently, Ahmed et al. (2011) demonstrated that increasing of foliar application of active dry yeast 
concentrations increased the vegetative growth characters of potato plants, productivity of potato plants, tubers 
quality and tubers dry matter percentage.  
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Manganese is one of the main micronutrients, which has an important role in plant, low levels are 
absolutely necessary for normal nutrition and development of plants (Clarkson, 1988 and Migocka and Klobus, 
2007).  

Manganese plays vital roles in photosynthesis, as a structural component of the photosystem II water-
spliting protein. It also serves as electron storage and delivery to the chlorophyll reaction centers (Goussias et 
al., 2002; Diedrick, 2010 and Millaleo et al., 2010). Manganese has important role on activates several enzymes 
which involve to oxidation reactions, carboxylation, carbohydrates metabolism, phosphorus reactions and citric 
acid cycle (Jackson et al., 1978; Mukhopadhyay and Sharma, 1991 and Millaleo et al., 2010). Manganese has an 
effective role in lipids metabolism and proteins (Ness and Woolhouse, 1980); Lignin and flavonoids (Lidon et 
al., 2004); assimilation of nitrate (Ducic and Polle, 2005).  

Many investigators reported that spraying plants with manganese treatment enhanced plant growth, yield 
and quality on many vegetable crops such as (Crosier et al., 2004) on potato; (Khedr et al., 2004) on eggplant; 
(Sood and Sharma, 2004) on pepper; (Mousavi et al., 2007) on potato and (Savvas et al., 2009) on tomato. 

Moreover, Osama et al. (2010) concluded that spraying potato plants with micronutrients as a powder 
containing Mn along with Fe, Zn and Cu improved physiological performance of plants and nutrients balance 
between macro and micronutrients.  

Therefore, the present study aims to evaluate the efficiency of using foliar spray of active yeast extract and 
manganese and their combination on potato vegetable growth, productivity of plants and tubers quality.  
 
Materials and Methods 

 
Two field experiments were conducted during the two successive winter seasons of 2009 and 2010, 

respectively in clay loam soil at the Agriculture Research Center (ARC) at Kafr El-zayat, El-Gharbia 
Governorate Egypt. The physical and chemical analysis of the experimental soil are shown in Table (1).  

Each experiment contained 12 treatments, which were the simple combinations between 3 concentrations of 
active yeast extract i.e., 0, 2 and 4g/l. as foliar application and 4 manganese concentrations i.e., 0, 100, 200 and 
300  ppm in the form of manganese chelates as foliar application. Active dry yeast were dissolved in water 
followed by adding sugar at ratio 1: 1 and kept overnight to activate and reproduction of yeast before using its as 
foliar application on the vegetative growth of potato plants.  
 
Table 1: Physical and chemical analysis of the experimental soil during the two successive seasons of 2009 and 2010.  

A- Physical properties 2009 2010 
Soil texture Clay loam Clay loam 

Clay (%) 49.60 48.20 
Silt (%) 27.50 28.60 

Fine sand (%) 20.20 20.60 
Coarse sand (%) 2.70 2.60 

B- Chemical analysis   
Available K mg/100g soil 0.45 0.46 
Available P mg/100g soil 5.80 5.85 

Total N mg/100g soil 149.20 148.60 
CL- (meq/l) 1.80 1.84 


3CO  5.20 4.80 

Na2

3CO (meq/l) 3.60 3.30 

Ca2

3CO (meq/l) 1.70 1.74 


4SO (ppm) 80.40 80.60 

Organic matter (%) 1.80 1.85 
Ec (mmhos/25°C) 2.10 2.15 

pH 8.1 8.2 
Fe++

 (ppm) 17.60 17.50 
Zn++

 (ppm) 1.13 1.10 
Mn++

 (ppm) 5.80 5.40 
Cu++

 (ppm) 4.40 4.30 

 
Potato plants were sprayed with the yeast extract and manganese concentrations at three times during the 

growth period, the first was after 45 days from planting seed tubers, the second was two weeks later from the 
first the third was two weeks later from the second one. The experimental design was split split design with 
three replicates.  

Whereas, the three different concentrations of active yeast extract were arranged within the main plots 
while the four manganese concentrations were distributed randomly within  the sub-plots. Each sub-plot area 
was 14.0 m2 consisted of three ridges each was 0.75 m in width and 6.25 m long. Seed tubers cv Valor were 
cultivated on one side at 25 cm a part. Potato seed tubers were cultivated on 3rd of October and 5th in the 2009 
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and 2010, respectively. Harvest date was done at 110 days after planning in both seasons. The normal 
agriculture practices took place whenever it was necessary according to the recommendations of the Egyptian 
Ministry of Agriculture. Six plants were taken randomly from each sub-plot as a representative sample at 105 
days after planting seed tubers and the following criteria's were recorded:  
 
Vegetative Growth Characters: 
 

Plant length (cm), main stems number/ plant, leaves number/ plant and fresh and dry weights of whole plant 
(g) were recorded. Leaf area/plant (cm2) was measured according to the method as described by Moursi et al. 
(1968).  
 
Tubers Yield: 
 

Tubers number/plant, Tubers yield /plant (g), total tubers yield (ton/fed.) which was calculated from tubers 
yield /plant and marketable tubers percentage.  
 
Tubers Quality: 
 

Specific gravity was calculated from samples weights measured in air and water as described by (Edgar, 
1951). Starch content (%) was measured according to the method as described by (Winton and Winton, 1935). 
Crude protein (%) was calculated according to the following equation: crude protein = total nitrogen X 6.25 
(A.O.A.C., 1990). Tubers was dried in a 70°C oven to constant weight (for about 70 hrs) and then dry matter 
(%) was determined.  
 
Tubers Chemical Content: 
 

N, P and K were analysed in dry matter according to Black (1983);  Troug and Mayer (1939) and Jackson 
(1967). Manganese concentration (ppm) was measured by atomic absorption.  
 
Statistical Analysis: 
 

All the obtained data were statistically analysed according to Gomez and Gomez (1984).  
 
Results and Discussion 

 
A-Vegetative Growth Characters: 
 
1- Effect of foliar application of yeast extract: 

 
Data presented in Table (2) demonstrated that foliar application of yeast extract affected significantly 

vegetative growth parameters of potato plants. Whereas, plant length, stems number/plant, leaves number /plant, 
leaf area/plant, whole plant fresh weight and whole plant dry weight were gradually improved by increasing of 
different yeast extract concentrations.  

The highest values of the above mentioned vegetative growth characters were recorded with the highest 
yeast concentration (4g/l.). On the other hand, the lowest values of the above mentioned findings were noticed 
with corresponding untreated plants.  

These results held good in both seasons. Significant differences were detected among the different yeast 
concentrations for all plant growth criterias in both seasons.  

The positive effects of foliar application of yeast extract on the vegetative growth of potato plants may be 
attributed to the yeast extract is a nature component of cytokinins, vitamins B1, B2, B3 and B12, enzymes, 
amino acids, minerals, carbohydrates and sugars (Castelfranco and Beale, 1983; Sponcer et al., 1983; Somer, 
1987; Fathy and Farid, 1996 and Khedr and Farid, 2000). Also, its considers as a nature source of cytckinis that 
stimulates cell division and enlargment as well as synthesis of protein, nucleic acid and chlorophyll (Barnett et 
al., 1990 and Fathy and Farid, 1996).  

Likewise, Bevilacqua et al. (2008) demonstrated that yeast extract contains growth factors and arelatively 
larger proportion of free amino acids and short peptides of two three amino acids long than protein hydrolisates 
which consequently increased the vegetative growth of plants.  
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Table 2: Effect of foliar application of yeast on the vegetative growth characters of potato plant during the two successive seasons of 2009  
              and 2010.  

Yeast concentrations 
(g/l.) 

Plant length 
(cm) 

Stem No/Plant Leaves 
No/plant 

Leaf area/plant 
(cm2) 

Whole plant 
fresh weight 

(g) 

Whole plant 
dry weight (g) 

 First season 
0 41.7 1.5 19.6 1013.9 104.7 9.8 
2 47.3 2.0 23.2 1194.1 148.6 10.7 
4 50.1 2.4 26.3 1461.4 170.3 11.9 

L.S.D. at 5% level 0.4 0.3 0.6 76.9 6.1 0.5 
 Second season 

0 43.3 1.5 19.6 967.7 107.8 10.1 
2 47.0 2.1 22.3 1237.8 150.1 11.1 
4 49.8 2.7 28.3 1537.2 172.2 12.4 

L.S.D at 5% level 0.6 0.4 1.2 132.4 3.3 0.3 

 
Improving of vegetative growth of plants by application of active yeast extract were recorded by several 

investigators such as (Yeo et al., 2000; Abdel-Mouty et al., 2001; Awad, 2002; Mahmoud, 2004; Gomaa et al., 
2005; Hussain and Khalaf, 2007; Sarhan, 2008 and Taha and Omar, 2010) on potato.  

Moreover, Ahmed et al. (2011) found that increasing of foliar application of active dry yeast concentration 
up to 5g/l increased the vegetative growth characters of potato plants.  

Likewise, similar trend of results were reported with other vegetable crops such as (El-Ghamriny et al., 
1999; Khedr and Farid, 2000 and Omar, 2003) on tomato; (El-Tohamy et al., 2008) on eggplant and (Ghoname 
et al., 2010) on sweet papper. Also, Abou El-Yazid and Mady (2011) on tomato, they indicated that foliar 
application of yeast extract significantly increased the number of branches and leaves, total leaf area and dry 
weight of leaves per plant.  
 
2- Effect of foliar application of manganese: 

 
Data in Table (3) indicated that growth of potato plants were significantly affected by manganese 

treatments compared to corresponding untreated plants. Whereas, plant length, stems number/ plant, leaves 
number/plant, leaf area/plant, whole plant fresh weight and whole plant dry weight were improved with 
increasing of different manganese concentrations in both seasons. The highest values of the above mentioned 
plant growth parameters were detected with the highest manganese concentration (300 ppm) compared with 
corresponding untreated plants. These results held good in both experimental seasons. The statistical analysis of 
the obtained data revealed significant differences among the different manganese concentrations in both 
seasons.  

The stimulatory effects of foliar application of manganese on the growth of potato plants may be due to 
manganese plays an important role on oxidation and reduction processes, as electron transport in photosynthesis. 
Moreover, manganese acts as an activator of many enzymes (more than 35 different enzymes) which involve to 
oxidation reactions, carboxylation, carbohydrates metabolism. Of the most important these enzymes, protein–
manganese in phtosystem II and superoxide dismutase (Jackson et al., 1978; Mukhopadhy and Sharma, 1991; 
Millaeo et al., 2010 and Mousavi et al., 2011).  
 
Table 3: Effect of foliar spray of manganese on the vegetative growth characters of potato plant during the two successive seasons of 2009  
              and 2010.  

Mn concentrations 
(g/l.) 

Plant length 
(cm) 

Stems 
No/Plant 

Leaves 
No/plant 

Leaf 
area/plant 

(cm2) 

Whole plant 
fresh weight (g) 

Whole plant 
dry weight (g) 

 First season 
0 44.3 1.6 21.3 1111.7 132.1 9.0 

100 46.0 1.8 22.7 1219.5 135.8 10.2 
200 47.0 1.9 23.6 1256.8 144.8 11.4 
300 48.1 2.6 24.6 1304.5 152.0 12.5 

L.S.D. at 5% level 0.6 0.2 0.5 36.8 4.3 0.3 
 Second season 
0 44.4 1.7 21.3 1061.6 133.7 9.4 

100 46.6 1.9 22.6 1270.3 139.2 10.5 
200 47.3 2.0 24.1 1307.5 146.1 11.7 
300 48.4 2.7 25.6 1350.9 154.4 13.2 

L.S.D at 5% level 1.0 0.2 0.8 46.0 4.2 0.4 

 
In addition, manganes plays an important role in chlorophyll production and its presence is essential in 

photosystem II, also involved in cell division and plant growth (Ness and Woolhouse, 1980; Mukhopadhyay and 
Sharma, 1991; Marschner, 1995 and Mousavi et al., 2011), which improved plant growth and development.  
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Moreover, Ndakidemi et al. (2011) indicated that net photosynthesis and chlorophyll amounts decreases 
with manganese deficiency.  

The obtained results are in agreement with those reported by (Kelling and Speth, 2001 and Crosier et al., 
2004) on potato; (Khedr et al., 2004) on eggplant; (Sood and Sharma, 2004) on pepper; (Mousavi et al., 2007) 
on potato and (Savvas et al., 2009) on tomato.  

Recently, Kumar et al. (2012) on tomato, they found that foliar spray of Mn at 100 ppm enhanced the 
vegetative growth of plants over control.  
 
3- Effect of the interaction between foliar application of yeast extract and manganese:  
 

Data in Table (4) indicated that vegetative growth characters of potato plants were significantly enhanced 
by the interaction treatments between yeast extract and manganese. Whereas, application of yeast extract as 
foliar spray at 4g/l. combined with manganese treatment as foliar fertilizer at 300 ppm gave the highest values of 
plant length, stems and leaves number/plant, leaf area/plant, whole plant fresh weight and whole plant dry 
weight. On the other hand, the lowest values of the above mentioned findings were recorded with the 
corresponding untreated plants with yeast extract and Mn.  

 
Table 4: Effect of the interaction between foliar application of yeast and manganese on the vegetative growth characters of potato plant  
              during the two successive seasons of 2009 and 2010.  

Yeast g/l. Mn (ppm) Plant length 
(cm) 

Stems 
No/Plant 

Leaves 
No/Plant 

Leaf area/ 
plant (cm2) 

Whole plant 
fresh weight (g) 

Whole plant 
dry weight 

(g) 
  First season 

0 0 38.7 1.2 17.7 927.2 93.7 8.2 
100 41.7 1.3 19.7 1027.2 96.8 9.5 
200 42.7 1.5 20.0 1038.1 112.8 10.2 
300 43.7 2.0 21.0 1062.9 115.4 11.2 

2 0 45.7 1.7 22.0 1071.4 141.7 9.1 
100 46.7 1.9 23.0 1184.7 144.8 10.1 
200 48.0 2.0 23.7 1254.5 151.9 11.3 
300 49.0 2.4 24.0 1265.8 156.0 12.2 

4 0 48.7 1.9 24.3 1336.6 161.1 9.8 
100 49.7 2.0 25.3 1446.6 165.7 10.9 
200 50.3 2.3 27.0 1477.6 169.7 12.7 
300 51.7 3.4 28.7 1584.8 184.7 14.1 

L.S.D at 5% level 1.0 0.4 0.9 63.8 7.5 0.5 
  Second season 

0 0 39.3 1.3 18.0 630.0 95.5 8.5 
100 43.7 1.4 19.0 1039.3 104.5 9.9 
200 44.3 1.5 20.3 1076.5 113.6 10.4 
300 45.7 2.0 21.0 1124.9 117.6 11.6 

2 0 45.7 1.8 20.7 1145.5 142.2 9.4 
100 46.7 1.9 21.7 1255.5 145.2 10.5 
200 47.3 2.0 22.7 1258.4 154.4 11.6 
300 48.3 2.5 24.0 1291.9 158.6 12.8 

4 0 48.3 2.1 25.3 1409.4 163.5 10.2 
100 49.3 2.3 27.0 1516.1 167.9 11.2 
200 50.3 2.7 29.3 1587.6 170.3 13.2 
300 51.3 3.5 31.7 1635.9 187.0 15.1 

L.S.D at 5% level 1.8 0.4 1.5 79.6 7.3 0.7 

 
These results held good in both seasons. The statistical analysis of the obtained results revealed that the 

differences among the different interaction treatments were significant at 5% level in both seasons.  
The superiority vegetative growth of potato plants may be attributed to the combination effects for both 

yeast extract on enhancing the vegetative growth of plants (Table 2) and manganese treatment on improving 
also vegetative growth of plants (Table 3)  
 
B- Yield and Quality: 
 
1- Effect of foliar application of yeast extract: 

 
Data in Table (5) indicated that productivity of potato plants were significantly influenced by using of 

different yeast concentrations as foliar spray on potato plants.  Whereas , their productivity  was increased with 
increasing the different concentrations of yeast extract which consequently reflected on the total tubers yield as 
ton/fed. in both experimental seasons. The highest values of yield were observed with the highest yeast 
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concentrations which it was 12.030 and 12.601 ton/fed in the first and second seasons, respectively. On the other 
hand, the lowest values were recorded with corresponding untreated plants which it was 8.789 and 8.430 ton/ 
fed. for the first and second seasons, respectively. Likewise, marketable tubers percentage was also influenced 
by different yeast concentrations and showed  the same trend of yield as mentioned before. Regarding, the tuber 
quality in respect to specific gravity, starch percentage, crudeprotein percentage and dry matter percentage 
showed observed responses to different yeast concentrations whereas, the highest values of the above mentioned 
findings were recorded with the highest yeast concentrations (4g/l.). Meanwhile, the lowest values were 
obtained with the corresponding untreated plants by yeast treatment. 
 
Table 5: Effect of foliar application of yeast on the yield and quality as well as chemical composition of potato plant during the two  
              successive seasons of 2009 and 2010.  

Yeast 
concentrations 

(g/l.) 

Yield 
/plant 

(g) 

Yield 
(ton/ 
fed.) 

Marketable  
tubers 

% 

Specific 
gravity 
(g/cm3) 

Starch 
% 

Crude 
protein 

% 

N 
% 

P 
% 

K 
% 

Mn 
(ppm) 

Dry 
matter 

% 
 First season 

0 404.3 8.789 94.4 1.0168 8.2 13.594 2.175 0.296 3.227 1.275 14.0 
2 478.3 10.398 97.0 1.0605 11.5 16.063 2.570 0.633 3.468 1.728 17.3 
4 553.4 12.030 98.7 1.0740 14.1 16.438 2.630 0.678 3.523 2.335 19.9 

L.S.D. at 5% 
level 

19.0 0.414 0.8 0.0215 0.2 0.183 0.033 0.019 0.213 0.192 0.1 

 Second season 
0 387.8 8.430 94.9 1.0193 8.2 13.531 2.165 0.298 3.233 1.303 14.0 
2 490.8 10.669 97.1 1.0600 11.4 15.750 2.520 0.638 3.468 1.693 17.2 
4 579.6 12.601 98.6 1.0714 14.0 16.505 2.633 0.675 3.505 2.273 19.8 

L.S.D. at 5% 
level 

4.9 0.106 0.8 0.0272 0.4 0.269 0.033 0.019 0.193 0.214 0.4 

 
Moreover, N, P, K and Mn contents in potato tubers were increased with increasing of  different yeast 

concentrations up to 4g/l. in both seasons. The highest nutritional elements were noticed with plants which were 
sprayed with the highest yeast concentrations (4 g/l.) while, the lowest ones were recorded with the 
corresponding untreated plants by yeast treatment.  

The increment in the productivity of plants and tubers quality may be attributed to the positive effects of 
application active yeast extract on potato plants which consequently increased contents of different nutrients, 
high percent of protein, high amount of vitamin B and natural plant growth regulators such as cytokinins (Glick, 
1995 and Fathy and Farid, 1996); physiological roles of vitamins and amino acids in the yeast extract which in 
turn increased the metabolic processes role and levels of endogenous hormones such as IAA GA3 (Chaliakhyan, 
1957 and Sarhan and Abdullah, 2010).  

Similar trend of results were reported by (Yeo et al., 2000; Abdel-Mouty et al., 2001; Awad, 2002; 
Mahmoud, 2004; Gomaa et al.., 2005; Hussain and Khalaf, 2007 and Taha and Omar, 2010) on potato.  

Recently, Ahmed et al. (2011) indicated that productivity of potato plants, tubers quality and nutritional 
elements were positively responded to the application of active yeast extract and increased with increasing yeast 
extract concentrations up to 5 g/l.  

Moreover, similar trend of results were reported by several scientists for several crops (Khedr and Farid, 
2000) on tomato; (Omar, 2003) on tomato; (El-Tohamy et al., 2008) on eggplant; (Ghoname et al., 2010) on 
sweet pepper; (Abou El-Yazid and Mady, 2011) on tomato and (Sarhan et al., 2011) on eggplant.  
 
2- Effect of foliar application of manganes: 

 
Data in Table (6) illustrated that various manganese concentrations significantly affected the productivity of 

potato plants. Whereas, it was increased with increasing of different manganese concentrations up to 300 ppm. 
The highest productivity of potato plants was recorded with the highest manganese concentrations (300 ppm) 
and which it was 11.628 and 11.534 ton/fed. for the first and second seasons, respectively. On the other hand, 
the lowest productivity was noticed with untreated plants by manganese treatments which it was 8.329 and 
8.608 ton/fed. for the first and second seasons, respectively.  

The differences between treatments were significant at 5% level. These results were true in both seasons.  
Moreover, marketable tubers % was also influenced by different  manganese concentrations compared to 

corresponding untreated plants and take the same trend of the productivity of potato plants as mentioned 
previously.  

Concerning, the potato tubers quality as expressed as specific gravity, starch percentage, crude protein % 
percentage and dry matter percentage showed observed improvement to different manganese concentrations. 
Whereas, they were increased with increasing manganese concentrations. The highest values of tubers qualities 
as mentioned above were recorded with that plants which were enhanced with the highest manganese 
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concentration (300 ppm). Meanwhile, the lowest values were observed with the corresponding untreated plants 
by manganese treatments.  

Similarly N, K and Mn contents in the potato tubers were enhance with increasing of manganese 
concentrations up to 300 ppm.  

 
Table 6: Effect of foliar spray of manganese on the yield and quality as well as chemical composition of potato plant during the two  
             successive seasons of 2009 and 2010.  

Mn 
concentrations 

(g/l.) 

Yield 
/plant 

(g) 

Yield 
(ton/ 
fed.) 

Marketable 
tubers 

% 

Specific 
gravity 
(g/cm3) 

Starch 
% 

Crude 
protein 

% 

N 
% 

P 
% 

K 
% 

Mn 
(ppm) 

Dry 
matter 

% 
 First season 

0 383.1 8.329 95.4 1.0307 10.1 14.364 2.298 0.639 3.274 1.645 15.9 
100 489.2 10.636 96.4 1.0407 11.1 14.990 2.398 0.545 3.385 1.738 16.9 
200 507.3 11.029 97.3 1.0627 11.6 15.636 2.502 0.502 3.438 1.815 17.4 
300 534.9 11.628 97.7 1.0677 12.2 16.469 2.635 0.455 3.525 1.918 18.0 

L.S.D. at 5% 
level 

10.9 0.238 0.4 0.0048 0.2 0.178 0.028 0.016 0.042 0.056 0.2 

 Second season 
0 396.0 8.608 95.3 1.0323 9.8 14.198 2.272 0.659 3.274 1.618 15.6 

100 501.7 10.906 97.0 1.0423 10.8 14.823 2.372 0.545 3.379 1.705 16.6 
200 516.1 11.219 97.2 1.0617 11.8 15.531 2.485 0.498 3.452 1.798 17.6 
300 530.6 11.534 97.9 1.0646 12.4 16.496 2.628 0.445 3.502 1.902 18.2 

L.S.D. at 5% 
level 

4.8 0.104 0.4 0.0064 0.4 0.253 0.028 0.016 0.059 0.036 0.4 

 
Meanwhile, P content in the tubers were decreased as a results of increasing of manganese concentrations. 

These results were significant and true in both  seasons.  
The promotive effects of applying Mn on productivity of potato plants and tubers quality may be attributed 

to manganese is essential for better crop and quality. Manganese ficilatates the production of carbohydrates and 
is required for optimum utilization of macro nutrients in plants. Also, manganese promotes the activity of 
various enzymes that helps in the photosynthetic light reactions, respiration and protion synthetic processes 
leading to better utilization of NPK to convert into functional seed carbohydrates. Manganese increases 
photosynthesis efficiency and synthesis of carbohydrates such as starch. Thus its deficiencies decreases 
photosynthesis efficiency and thereby reducing crops yield and quality (Hiller, 1995; Kelling and Speth, 2001; 
Crosier et al., 2004 and Mousavi et al., 2007 and 2011).  

The obtained results are in harmony with those reported by (Crosier et al., 2004) on potato; (Khedr et al., 
2004) on eggplant ; (Sood and Sharma, 2004) on pepper and (Savvas et al., 2009) on tomato.  

Recently, Kumar et al. (2012) reported that foliar spray of Mn at 100 ppm enhanced the fruit yield of 
tomato plants over control.  
 
3- Effect of the interaction between foliar application of yeast extract and manganese:  

 
Data presented in Table (7) showed that productivity of potato plants were progressively responded to the 

interaction treatments between yeast extract and manganese. Whereas, the highest yield was recorded with that 
plants which were sprayed with yeast extract at 4 g/l. along with manganese treatment at 300 ppm in both 
seasons. It was 13.620 and 13.552 ton/fed. for the first and second seasons, respectively. On the other hand, the 
lowest values were detected with the corresponding untreated plants which it was 6.778 and 6.414 ton/fed. for 
the first and second seasons, respectively.  Likewise, marketable tubers percentage and tubers quality as 
expressed as specific gravity, starch, crude protein % and dry matter percentages as well as N, K and Mn 
contents in the tubers were also influenced by the interaction treatments and showed the same trend of the yield 
as mentioned above. Meanwhile, the highest P content in the tubers was observed with that plants which were 
sprayed with the highest yeast concentration (4g/l.) without any manganese treatment. These results were true in 
both seasons. The statistical analysis of the obtained data revealed significant differences between the 
interaction treatments in both experimental seasons.  

The observed improvement in the total tubers yield and tubers quality may be attributed to the positive 
physiological roles for both active yeast extract on the growth of potato plants (Table 2) and manganese 
treatment on the growth  of plants (Table 3) which reflected on the productivity of plants and tubers quality.  
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Table 7: Effect of the interaction between foliar application of yeast and manganese on the yield and quality as well as chemical  
              composition of potato plant during the two successive seasons of 2009 and 2010.  

Yeast 
(g/l) 

Mn 
(ppm) 

Yield 
/plant 

(g) 

Yield 
(ton/ 
fed.) 

Marketable 
tubers 

% 

Specific 
gravity 
(g/cm3) 

Starch 
% 

Crude 
protei
n % 

N 
% 

P 
% 

K 
% 

Mn 
(ppm) 

Dry 
matter 

% 
  First season 
0 0 311.8 6.778 92.4 1.0040 7.0 12.718 2.035 0.488 3.042 1.155 12.8 

100 418.1 9.089 93.7 1.0140 8.2 13.344 2.135 0.325 3.175 1.235 13.8 
200 428.5 9.316 95.7 1.0230 8.7 13.719 2.195 0.235 3.285 1.315 14.5 
300 458.8 9.973 95.9 1.0260 9.0 14.594 2.335 0.135 3.405 1.395 14.8 

2 0 389.3 8.463 96.2 1.0370 10.2 15.031 2.405 0.685 3.365 1.615 16.0 
100 494.6 10.753 96.9 1.0470 11.2 15.656 2.505 0.645 3.465 1.715 17.0 
200 509.8 11.083 97.3 1.0740 12.0 16.469 2.635 0.615 3.505 1.765 17.8 
300 519.4 11.291 97.6 1.0840 12.5 17.094 2.735 0.585 3.535 1.815 18.3 

4 0 448.3 9.746 97.6 1.0510 13.0 15.344 2.455 0.745 3.415 2.165 18.8 
100 555.0 12.065 98.6 1.0610 14.0 15.969 2.555 0.665 3.515 2.265 19.8 
200 583.7 12.688 99.0 1.0910 14.2 16.719 2.675 0.655 3.525 2.365 20.0 
300 626.5 13.620 99.6 1.0930 15.1 17.719 2.835 0.645 3.635 2.545 20.9 

L.S.D. at 5% 
level 

18.9 0.412 0.7 0.0083 0.4 0.308 0.048 0.028 0.073 0.097 0.3 

  Second seaons 
0 0 295.0 6.414 92.8 1.0060 6.3 12.656 2.025 0.498 3.052 1.195 12.1 

100 398.8 8.670 95.1 1.0160 7.3 13.281 2.125 0.345 3.168 1.255 13.1 
200 422.0 9.173 95.5 1.0240 9.4 13.656 2.185 0.225 3.315 1.325 15.2 
300 435.3 9.462 96.1 1.0310 10.0 14.531 2.325 0.125 3.395 1.435 15.8 

2 0 401.5 8.729 95.8 1.0390 10.3 14.531 2.325 0.715 3.355 1.565 16.1 
100 508.2 11.048 97.1 1.0490 11.3 15.156 2.425 0.625 3.455 1.665 17.1 
200 520.3 11.311 97.4 1.0700 11.8 16.281 2.605 0.615 3.505 1.715 17.6 
300 533.0 11.588 98.1 1.0820 12.2 17.031 2.725 0.595 3.555 1.825 18.0 

4 0 491.3 10.681 97.4 1.0520 12.9 15.406 2.465 0.765 3.415 2.095 18.7 
100 598.0 12.999 98.7 1.0620 13.9 16.031 2.565 0.665 3.515 2.195 19.7 
200 605.9 13.172 98.8 1.0910 14.1 16.656 2.665 0.655 3.535 2.355 19.9 
300 623.4 13.552 99.6 1.0807 15.0 17.927 2.835 0.615 3.555 2.445 20.8 

L.S.D. at 5% 
level 

8.3 0.100 0.7 0.0111 0.7 0.438 0.048 0.028 0.102 0.062 0.7 

 
Conclusion: 

 
The results of this study showed that foliar spray of active yeast extract and manganese enhanced growth of 

plants, increased yield of potato plant and improved tubers quality. The highest values of vegetative growth and 
productivity of plants as well as tubers quality were obtained from application of yeast extract at 4 g/l along with 
manganese at 300 ppm. In generally, using of active yeast extract and manganese element as foliar spray on 
plants, at low concentrations on a few times gave desirable potato yield and good quality.  
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