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ABSTRACT  
 

Two field experiments were conducted during 2011 and 2012 growing two successive winter 
seasons in the experimental sandy soil at Baloza Experimental Station of the Desert Research Center, 
North Sinai Governorate in Egypt to study the effect of some vitamins (cobalamin: B12 at rate 50, 
100 or 150 ppm), (folic acid: B9 at rate 50, 100 or 150 ppm), (ascorbic acid: vitamin C at rate 150, 
300, 450 ppm) and combination between them of the low level, medium level or high level and 
control treatment on growth, yield and its components, as well as chemical composition of potato 
plants (cv. Valor cultivar). Results revealed that that foliar application of these vitamins added solely 
or in combination significantly increased the growth of potato plants, tuber yield and its components 
as well as chemical composition and total chlorophyll. The best results with growth, yield and quality 
of potato were obtained with spraying the plants three times with a mixture of vitamins containing 
medium level followed by high level. While, the lowest of chemical contents were observed with low 
level and control treatments. Vitamins used of natural materials and safe in order to improve the 
growth of plants. Vitamins can be used as a new, convenient and affordable organic fertilizer to 
increase the efficiency of the plant and preserve its nutrients. A medium of levels (100 ppm 
Cobalamin+100 ppm folic acid and ascorbic acid at 300 ppm) were ideal for potato, as a source of 
nutrients, could be recommended.  

 
Key words: potato plants, Solanum tuberosum, vegetative growth, yield, chemical composition, 

cobalamin, folic acid and ascorbic acid, sandy soil. 

 
Introduction 

 
Potato (Solanum tuberosum L.) is the fourth important crop in the world after wheat, maize 

and rice. The United Nations (FAO) reports that the world production of potatoes in 2009 was 330 
million tones (Abo-Hinna et al. 2012). It is considered as one of the most important vegetable crops 
growth in Egypt, where it grows under different environmental conditions (Ahmed 1999). It contains 
high level of carbohydrate and significant amounts of vitamins and minerals. Moreover, potato is used 
in many industries such as French fries, chips, starch and alcohol production (El-Banna et al. 2006). 
Potato plays an important role in the economy of the country as a food additionally a cash crop; much 
foreign exchange can be earned by exporting potatoes to other countries (Ahmed, 1999 and Pervez et 
al. 2000), we must increase the agricultural area of potatoes and to maximize productivity in a secure 
manner 

In this respect vitamins are known to improve plant growth and development. Beneficial 
effects of vitamins on yield quantity and quality have been reported for various crops by El-Ghamriny 
et al. (2005) and El-Tohamy et al. (2008). 

Cobalamin is called vitamin B12: Cobalamin is necessary for the regulation of DNA synthesis 
during cell division (Warren et al. 2002; Smith et al. 2007& Mohamed and Naheif, 2013). The same 
trend, El-Gharmany, (2005) maintained that, foliar spray of cowpea with vitamin B12 at 100 ppm 
singly, significantly enhanced total root length of cowpea plants, number of branches/root, both 
nodules numbers and weight/plant and nitrogen fixation activity expressed as acetylene reduction. In 
addition, Hamed and Sanavy, (2015) found that vitamin B12 application showed a significant effect 
on morphological characteristics, yield and its component on Phaseolus vulgaris.  

Folic acid is called vitamin B9: Folic acid is essential biochemical functions in amino acid 
metabolism and nucleic acid synthesis (Andrew et al. 2000). Folic acid enables plants to produce 
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RNA, a nucleic acid that carries information from DNA to plant cell structures known as ribosomes 
and helps a plant synthesize protein (Poudineh et al. 2015). However, Stakhova et al. (2000) and 
Burguieres et al. (2007) obtained that folic acid treatment increases the productivity of pisum sativum 
by affecting the yield, weight, and quality of the seed and folic acid increased the content of 
chlorophyll in the leaves. The same trend, Al-Said & Kamal, (2008) found that foliar spray with folic 
acid enhanced flowering, yield and quality of sweet pepper. In this respect, a few literatures reported 
that exogenous folic acid has positive effect on growth, yield and quality of soybean (Mahmoud, 
2014) and Li et al. (2015) on strawberry. Moreover, Ibrahim et al. (2015) found that folic acid 
improved significantly growth parameters including plant length of potato plants, leaf area, haulm dry 
weight and chlorophyll compared to the controls in both seasons. Additionally, total soluble 
carbohydrates and total soluble protein were increased significantly in the leaves, foliar application of 
folic acid was the most favorable treatments for increasing number of tuber, yield per plant and 
feddan as well as marketable yield in the two tested seasons.  

Ascorbic acid (vitamin C): Ascorbic acid is an essential antioxidant in the ascorbate-
glutathione pathway. It is a cofactor for many enzymes, including those involved in cell wall 
synthesis, most notably in the hydroxylation of proline residues (Smith et al. 2007 and Abo-Hinna & 
Merza, (2012). Moreover, Shokr &Abdelhamid, (2009) reported that foliar spraying of ascorbic acid 
improving vegetative growth and yield as well as pod soluble solid substances and pigments 
constituents of leaves and pods of snap bean plants compared with untreated control (tap water) in 
both seasons. The same resulted, Shafeek, et al. (2013) on Lettuce and Mahmoud & Mansour (2014) 
found that, foliar spray vitamins C significantly increasing growth soybean and total yield and its leaf 
contents of nutritional values.  

Interaction with vitamin has become the most prominent of vitamins despite its essential 
biochemical function in amino acids metabolism and nucleic acids synthesis (Andrew et al. 2000 and 
Helal et al. 2005). However, El-Gharmany, (2005) maintained that, spray of B-vitamins (B1, B6 and 
B12) at the abovementioned concentrations to cowpea plants significantly increased dry weight of 
different plant organs, leaf chlorophyll, number of pods/plant and dry seed yield per plant as well as 
per feddan compared to check. Also, Burguieres et al. (2007) found that, folic acid 50 and vitamin C 
500 μM significantly increasing growth and yield of pea (Pisum sativum).  

So, the present work was conducted to evaluate the efficiency of foliar application of three 
levels of cobalamin, folic acid or ascorbic acid and combination between low, medium or high levels 
on improving the growth, yield and its component and quality of potato plants c.v. Valor cultivar. 
This study conducted under Baloza Experimental Station of the Desert Research center, North Sinai in 
Egypt.  

 
Material and Methods 

 
The field experiments were carried out during the two successive Winter seasons of 2011 and 

2012 at the Baloza Experimental Station of the Desert Research Center, North Sinai Governorate. The 
aim of this study was to investigate the effect of different levels of Cobalamin (vitamin B12), Folic 
acid (vitamin B9), Ascorbic acid (vitamin C) and their combination at rate low, medium and high 
levels on plant growth, yield and its components, as well as chemical constituents of potato tubers. 

Potato seeds (cv. Valor cultivar) was chosen which introduced by Bio. Tec. Company. Tubers 
was sown in the second week of September of both seasons in sandy soil and irrigated with drip-
irrigation system. The physical and chemical analysis of the experimental soil was carried out 
according to Page et al. (1982) as presented in Table (A). Irrigation water analysis was determined 
according to Richards, (1954) and presented in Table (B). 
 
Table A: Physical and chemical properties of the experimental soil. 

Particle size 
distribution (%) 

T
ex

tu
re

 
so

il
 

E
c 

ds
m

-1
 

pH 

Available nutrients 
(Cations) 

Available nutrients 
(Anions) 

Sand Silt Clay Na % P % K % 
Ca 

meg/l 
Mg 

meg/l 
CO3-- 

HCO3
-- 

meg/l 
Cl- SO4-- 

90 5 5 Sand 1.37 8.2 4.78 0.42 0.54 3.65 4.4 - 3.85 3.3 6.5 
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Table B: Chemical analysis of irrigation water. 

Samples pH 
E.C. 
(ppm) 

S.A.R 
Soluble anions (me/l) Soluble anions (me/l) 

Ca++ Mg++ Na+ K+ CO3
-- HCO3

- SO4
-- Cl- 

1 st season 7.45 1456 3.80 2.90 3.20 8.60 0.60 0.10 5.60 2.10 7.50 
2 nd season 7.10 1512 3.52 3.25 3.05 9.50 0.40 0.50 3.81 3.69 8.20 

E.C.: Electrical conductivity, S.A.R: Sodium adsorption ratio, me/l: mille equivalent per liter 

 
The experiment included 13 treatments were as follows:   

1- Control (foliar spray with tap water ) 
2- Cobalamin :50 ppm 
3- Cobalamin :100 ppm 
4- Cobalamin :150 ppm 
5- Folic acid : 50 ppm 
6- Folic acid : 100 ppm 
7- Folic acid : 150 ppm 
8- Ascorbic acid:150 ppm 
9- Ascorbic acid :300 ppm 
10- Ascorbic acid:450 ppm 
11- Cobalamin 50 ppm + folic acid  50 ppm + Ascorbic acid 150 ppm  
12- Cobalamin 100 ppm + folic acid  100 ppm + Ascorbic acid 300 ppm  
13- Cobalamin 150 ppm + folic acid 150 ppm + Ascorbic acid 450 ppm  

 
Sprouted seed tubers were planted at 10 cm depth and 25 cm apart within the row. The 

treatments were arranged in complete randomized block design with three replicates. The area of each 
plot was 10.5 m2 (1/400) /fed., (2 line x 10.5 m long x 0.5 m wide). All experiment area received the 
recommended dose of organic and mineral fertilizers. Farmyard manure (FYM) was applied at the 
rate of (30 m3/fed.) before planting. Recommended dose of phosphorus fertilizer as superphosphate 
(15.5% P2O5) was added during soil preparation at rate of (75 kg P2O5/fed.) Potassium fertilizer (48% 
K2O) was used as a source of potassium at rate of (100 kg K2O /fed.) divided into two equal portions; 
half of potassium fertilizer was applied during soil preparation and another half was added to the soil 
after 45 days from planting. Ammonium sulphate fertilizer (20.5% N) was applied at the rates of (200 
kg N/fed.) divided into three equal doses, the first was applied during soil preparation, the second 
dose was applied after complete emergence and the third dose was added after 75 day from sowing. 
The other common agricultural practices for growing potato plants according to the recommendations 
of Ministry of Agriculture and Land Reclamation (Egypt) were followed.  Cobalamin folic acid and 
ascorbic acid spraying on vegetative part dissolved in water followed by adding. The treatments as a 
foliar spray were added three times, the first one after 45 days from planting and the second after 60 
days from planting while the last one after 75 days from planting  

 
Recorded data: 
 
A- Vegetative growth characters and chlorophyll content:  

 
At the 90th day after planting samples of three plants from each treatment and each plot were 

randomly taken and the following vegetative growth characters were recorded: plant length (cm), 
shoots number, leaf area, leaves No./plant, fresh and dry weight of shoots/plant.  Leaf area (cm2) was 
measured by using leaf area meter (Model 3100 Area Meter Li-Cor. Inc. Lincoln, Nebrask USA).  

 
B- Tuber yield measurements:  

 
After 110 days from cultivation, a random sample of three tubers of plants from each plot was 

chosen to rinsed free of soil and estimate some of quality indicators including the tubers volume 
(cm3), tuber diameter, tubers No./Plant, average tuber weight, tuber yield/plant (g), tuber dry matter % 
and total tuber yield (ton /fed.) was determined by weight. 
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C- Chemical composition and tuber quality: 
 
Samples of tubers were taken after 110 days from planting for mineral analysis. Samples were 

dried at 70ºC; ground, digested and assigned for analyzing protein and starch determination N, P, K, 
Total sugar. The mineral contents were estimated using the wet ash procedure for the dry powdered 
samples (Johnson and Ulrich, 1959). Protein content was calculated by multiplying N content by 6.25 
(Ranganna, 1977). Starch content was calculated according to the formula of Burton (1948): Starch 
(%) = 17.546+0.891 (Tuber dry matter% - 24.18).  Nitrogen was determined using modified micro-
Kjeldahl according to method of Huphries (1965). Potassium contents were determined using flame 
photometer according to methods of Brown and Lilland (1964). Phosphorus was determined by 
modified spectrophotometer method according to Rowell, (1993). The percentage of total sugars in 
tuber tissue was determined according the method described by Dubois et al. (1956).   

 
Chlorophyll content:  

 
Total chlorophyll content in fully expanded leaves after 90 days from planting was measured 

as SPAD units using Minolta Chlorophyll Meter (model SPAD 502) according to A.O.A.C. (2000). 
 

Statistical Analysis: 
 
All obtained data were subjected to statistical analysis of variances (LSD at 5%) method was 

used to test the difference among treatment means according to the procedure outlined by, Gomez & 
Gomez, (1984). 

 
Results and Discussion 

 
A-Vegetative Growth: 

 
1-Effect of cobalamin levels on growth parameters: 

 
Data concerning the effect levels of cobalamin (vitamin B12), i.e. 50, 100 and 150 ppm) on 

potato growth parameters, i.e., plant height, shoots number, leaf area/plant, fresh, dry weight of whole 
plant and leaves number were presented in Table (1). Obtained results indicated that foliar spray of 
cobalamin significantly increased all the investigated growth parameters as compared with control 
treatment (spray water). Generally results, revealed that the highest values of the investigated growth 
parameters was, recorded with foliar spray of cobalamin at the level of 100 ppm accept leaf area and 
leaves number/plant which increased with increasing level up to 150 ppm. These results of cobalamin 
are in agreement with those obtained by, Helal et al. 2005 and El-Banna et al. 2006.  

The positive effect of cobalamin on plant growth may be due to B12 is necessary for the 
regulation of DNA synthesis during cell division, this show tangible and quick effects on the growth 
of plants (Warren et al. 2002 and Smith et al. 2007). In addition, El-Gharmany, (2005) maintained 
that, foliar spray of cowpea vitamin B12 at 100 ppm singly, significantly enhanced total root length 
cowpea plants, number of branches/root, both nodules numbers and weight/plant. Similar results were 
found on other plants (El-Banna et al. 2006 on potato). Moreover, Mohamed & Naheif, (2013) found 
that, foliar spray of vitamin B12 at 50 ppm was very effective in stimulating vegetative growth in 
relative to the control treatment. Moreover, Hamed & Sanavy, (2015) maintained that vitamin B12 
have a critical role as an effective antioxidant and regulates osmotic balance thereby enhancing bean 
plants resistance to salinity stress. Application vitamin B12 showed a significant effect on 
morphological characteristics of (Phaseolus vulgaris). 
 
2-Effect of Folic acid levels on growth parameters: 

 
Data presented in Table (1) elucidate that foliar spray of three levels of folic acid (vitamin 

B9), i.e. 50, 100 or 150 ppm on growth parameters of potato plants, increased significantly all criteria 
of vegetative growth expressed plant height, shoot number/plant, leaf area, fresh and dry weight of 
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plants and its leaves number compared to control. Results also, revealed that the highest values of the 
investigated leaf area, fresh and dry weight of plants were recorded with foliar spray of folic acid at 
the level of 100 ppm but the highest values of shoot number/plant, leaf area and leaves number 
recorded with foliar spray of folic acid at the level of 150 ppm..  

As for improvement of growth characters as a result of folic acid foliar spray may be due to 
many cellular reactions such as, metabolism of amino acids, synthesis of methionine and the 
formation of lignin, chlorophyll and choline and also in the photo-respirations cycle led to increase in 
growth (Andrew et al. 2000). 

The obtained results the effect of folic acid on growth of potato plants was in agreement with 
that obtained by, Al-Said & Kamal, (2008). Folic acid has positive effect on growth of soybean 
(Mahmoud, 2014) and on strawberry (Li et al. 2015). Moreover, Ibrahim et al. (2015) found that folic 
acid improved significantly growth parameters including plant length of potato plants, leaf area, 
haulm dry weight and chlorophyll compared to the controls in both seasons.  

 
Table 1: Effect of foliar spray with cobalamin, folic acid and ascorbic acid on growth of potato plants during 

the two successive seasons of 2011 and 2012 

Chract. 
 

Treat. 

Plant height 
(cm ) 

Shoots 
 number 

Leaf area/plant 
(cm2 ) 

Fresh weight 
/plant(g) 

Dry weight 
/plant(g) 

Leaves  
No. /p 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 

Control 35.67 35.90 5.61 6.11 25.97 26.57 116.2 117.67 46.8 49.7 18.68 19.62 
V.B12 (1) 39.00 41.00 6.13 6.29 27.20 28.17 170.2 180.70 56.2 58.0 20.35 22.40 
V.B12 (2) 46.60 46.47 6.57 6.90 29.97 30.20 189.3 198.63 62.4 60.1 24.61 26.38 
V.B12 (3) 43.30 49.10 6.71 7.06 29.93 30.67 189.1 197.30 57.3 59.5 24.76 26.43 
V.B9 (1) 37.70 39.30 6.55 6.63 30.10 30.80 129.3 137.83 50.3 52.6 21.16 22.73 
V.B9 (2) 45.97 49.17 7.45 7.68 35.97 37.64 177.1 181.63 62.8 62.1 28.47 29.23 
V.B9 (3) 46.37 50.17 7.54 7.72 35.70 37.33 176.3 179.93 58.6 58.9 28.54 29.52 
V.C (1) 49.03 49.77 6.43 6.56 34.07 35.27 156.3 169.60 50.4 52.0 21.87 22.20 
V.C (2) 50.60 51.50 7.39 7.53 36.27 45.93 182.2 198.90 64.3 65.2 27.72 29.21 
V.C (3) 50.90 51.67 7.51 7.58 36.07 36.50 178.3 186.00 58.6 59.0 27.82 29.33 

(1)+ (1)+ (1) 49.73 51.27 7.51 7.82 35.27 36.17 188.8 197.33 61.4 63.7 26.27 26.23 
(2) +(2)+ (2) 53.73 53.57 8.23 8.45 38.20 38.50 199.3 208.83 66.7 68.7 28.77 29.24 
(3) +(3) +(3) 53.40 52.63 7.81 8.19 36.50 37.33 198.5 207.33 62.2 62.9 27.50 28.90 
L.S.D at5% 1.69 3.49 N.S N.S 1.37 1.28 4.38 5.82 1.81 1.97 0.82 2.50 

V.B12= Cobalamin; vitamin B12 at rate 50, 100 or 150 ppm , V.B9= Folic acid; vitamin B9 at rate 50, 100 or 150 ppm 
V.C=Ascorbic acid; vitamin C at rate 150, 300, 450 ppm 

 
3-Effect of Ascorbic acid levels on growth parameters: 

 
Data in Table (1) revealed that application of 150, 300 or 450 ppm ascorbic acid as a foliar 

application had a favorable effect on all growth parameters of potato plants compared to control. The 
highest values of plant height, number of shoots and number of leaves were recorded with that plants 
treated with 450 ppm ascorbic acid compared with other treatments. Foliar sprayed by level (300 
ppm) significantly increased the leaf area, fresh and dry weight of plants compared the control (spray 
water). Results of ascorbic acid are in agreement with those obtained by, Talaat (2003) on sweet 
pepper, Helal et al. (2005) and Gad El-Hak et al. (2012) on pea plants, El-Banna et al. (2006) on 
potato, El-Tohamy et al. (2008) on eggplant. In the same respect, Shafeek, et al. (2013) found that, 
ascorbic acid caused superior effects on lettuce plant height, number of leaves, leaf area/ plant, fresh 
and dry weights of leaves, as well as stem length and diameter. 

Improvement in growth characters may be attributed to their beneficial effects on improving 
Ascorbic acid functions as antioxidant, as enzyme factor and as growth regulating factor (El-Kobisy et 
al. 2005). It plays an important role in different processes, including photosynthesis, photoprotection, 
cell wall growth and cell expansion resistance to environmental stresses of synthesis of ethylene, 
gibberellins, anthocyanins and hydroxyproline (Abo- Hinna & Merza, 2012).  

 
4-Effect of interaction levels on growth parameters: 

 
Data in Table (1) emphasized that the interaction effects were significantly for all growth 

parameters. The highest values of growth parameters were obtained by medium level (100 ppm 
vitamin B12 +100 ppm vitamin B9 + 300 ppm ascorbic acid). On the contrary, the lowest values of 
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growth parameters were obtained by foliar sprayed water (control no treated of vitamin).  
The positive effect of foliar spray of interaction of vitamins on plant growth may be due to its 

positive effect vitamins show tangible and quick effect on the growth of plants (El-Banna et al. 2006; 
Burguieres et al. 2007 and Poudinch et al. 2015) 

 
B-Yield and its components: 

 
1-Effect of cobalamin levels on yield and its components: 

 
Data presented in Table (2) indicated that application of cobalamin (vitamin B12: 50, 100 or 

150 ppm) applied as foliar spray significantly increased tubers yield parameters (volume, diameter, 
No./Plant, average weight, yield(g)/plant and total tuber yield (ton /fed.) as compared with control 
treatment. Whereas, the yield and yield parameters increased by increasing levels of cobalamin 
(vitamin B12: 50 to 150 ppm). Also, results revealed that the highest values of the investigated yield 
parameters were recorded with application foliar spray of height level 150 ppm followed by medium 
level 100 ppm. The lowest values of the investigated yield parameters were recorded with application 
foliar spray of lowest level 50 ppm and control (spray water). The obtained results of cobalamin are in 
agreement with those obtained by Andrew et al. (2000), Smith et al. (2007), Helal et al. (2005), El-
Banna et al. (2006) and Hamed & Sanavy, (2015). 

The improvement of potato yield and it's components with foliar spray application cobalamin 
may be due to it is necessary for the regulation of DNA synthesis during cell division led to increase 
in total yield (Smith et al. 2007). Similar results were found on other plants (Helal et al. 2005 and El-
Banna et al. 2006,). Also, El-Gharmany, (2005) maintained that, foliar spray of cowpea vitamin B12 
at 100 ppm singly, enhanced total yield. 

 
Table 2: Effect of foliar spray with cobalamin, folic acid and ascorbic acid on yield of potato plants during 

2011-2012        

Chract.. 
 

Treat. 

volumes 
(cm3) 

Tuber 
diameter 

(cm) 

Tubers  
No./plant 

Average tuber 
weight   (g) 

Yield/plant 
(g) 

Tuber dry 
matter % 

Total yield 
(ton/fed.) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011  2012 
Control 101.3 119.1 3.82 4.20 8.20 8.43 102.93 107.63 0.845 0.877 13.26 14.15 6.756 7.016 

V.B12 (1) 121.7 455.2 4.18 4.26 8.53 8.80 117.17 121.32 1.000 1.068 15.15 16.01 7.998 8.541 
V.B12 (2) 127.0 130.5 4.96 4.91 9.37 10.07 130.94 133.74 1.226 1.346 21.96 23.23 9.811 10.771 
V.B12 (3) 125.8 127.2 4.81 4.86 9.27 9.87 130.59 133.20 1.206 1.314 20.72 22.66 9.646 10.516 
V.B9 (1) 125.5 129.0 4.76 4.90 9.43 9.53 117.41 122.33 1.108 1.166 20.29 22.39 8.862 9.328 
V.B9 (2) 151.2 158.0 5.09 5.16 10.50 11.67 138.68 143.98 1.495 1.680 24.19 24.07 11.649 13.439 
V.B9 (3) 149.3 154.7 4.92 4.99 10.50 11.17 138.62 138.26 1.456 1.544 23.76 23.94 11.645 12.350 
V.C (1) 124.4 124.5 4.73 4.89 9.50 9.80 120.00 130.75 1.140 1.281 19.99 20.56 9.117 10.251 
V.C (2) 134.1 138.2 5.05 5.24 10.47 11.40 138.76 142.45 1.484 1.624 23.08 21.76 11.618 12.991 
V.C (3) 124.0 127.3 4.86 5.02 10.73 10.80 138.31 139.62 1.452 1.508 20.95 21.58 11.875 12.063 

(1)+ (1) + (1) 141.5 145.6 4.84 4.88 12.00 12.50 135.91 146.40 1.599 1.596 21.84 24.18 13.049 14.636 
(2) +(2)+ (2) 155.7 158.5 5.34 5.40 13.80 13.90 154.40 156.30 1.631 1.721 26.41 26.57 17.045 17.381 
(3) +(3) +(3) 153.6 157.6 5.09 5.13 13.40 13.60 153.82 156.05 1.620 1.714 25.92 26.21 16.489 16.978 
L.S.D at 5% 2.36 3.41 0.21 0.10 0.55 0.41 3.08 3.23 0.62 0.49 0.65 0.76 0.16 0.08 

V.B12= Cobalamin; vitamin B12 at rate 50, 100 or 150 ppm , V.B9= Folic acid; vitamin B9 at rate 50, 100 or 150 ppm 
V.C=Ascorbic acid; vitamin C at rate 150, 300, 450 ppm 

 
2-Effect of Folic acid levels on yield and its components: 

 
Data in Table (2) reported that all the concentration of folic acid (vitamin B9: 50, 100 or 150 

ppm) significantly increased total yield of potato plants and its components (volume, diameter, 
No./Plant, average weight, yield(g)/plant and total tuber yield (ton /fed.) compared with untreated 
plants (foliar spray of water). The highest values of the investigated yield parameters were recorded 
with application foliar spray of medium level 100 ppm followed by high level 150 ppm. The lowest 
values of the investigated yield parameters were recorded with application foliar spray of lowest level 
50 ppm and control (foliar spray of water). Results of folic acid are in agreement with those obtained 
by Stakhova et al. (2000) on peas, Al-Said & Kamal, (2008) on sweet pepper and Li et al. (2015) on 
strawberry. Moreover, Ibrahim et al. (2015) found that foliar application of folic acid was the most 



Middle East J. Agric. Res., 6(3): 662-672, 2017 
ISSN: 2077-4605 

668 

favorable treatments for increasing number of tuber, yield per plant and feddan as well as marketable 
yield of potato plants in the two tested seasons.  

 
3-Effect of Ascorbic acid levels on yield and its components: 

     
As regarding on Table (2) that foliar application of level of ascorbic acid (150, 300 or 450 

ppm) produced highly significant increases of tuber total yield of potato and its components expressed 
as volume, tuber diameter, tubers No./Plant, tuber average weight, tuber yield (g)/plant and total tuber 
yield (ton /fed.) compared to control (foliar spray water) in both seasons. Foliar sprayed by level (300 
ppm) significantly increased the highest yield and components. The lowest value was the control 
(foliar spray water). 

Beneficial effects of vitamins C on yield quantity and quality have been reported for various 
crops by, Shokr & Abdelhamid, (2009) suggested that Ascorbic acid (250 mg /l) was the most 
effective in increasing yield parameters of pepper plant. El-Hifny, et al. (2011) reported that foliar 
spraying of ascorbic acid improving yield and its componants of papper plants compared with 
untreated control (tap water). Moreover, Shafeek, et al. (2013) on vitamins C found significantly 
increasing Lettuce total yield.  

 
4- Effect of the interaction on yield and its components: 

 
The interaction between source and levels of vitamins at low levels, medium levels or high 

levels in Table (2) had significant effect on total yield and its component of potato plants. The highest 
values of total yield and its component were obtained by medium levels (cobalmine at 100 ppm, folic 
acid at 100 with ascorbic acid at 300 ppm) followed by the high level (cobalmine at 150 ppm, folic 
acid at 150 with ascorbic acid at 450 ppm). On the other hand, the lowest values of total yield and its 
component were obtained by foliar spraying low levels (cobalmine at 50 ppm, folic acid at 50 with 
ascorbic acid at 150 ppm) and control (spray of water). From the abovementioned results, it could be 
concluded that foliar application of the vitamin treatments might be play an important role in many 
metabolic and physiological processes, through affecting the metabolism of photosynthesis process 
which led to increase in total yield. 

Increase in yield and its component of potato plants could be attributed to the increase in 
nutrient uptake and/or assimilation and increase growth this returns on the yield and its components 
due to vitamin (Abo-Hinna and Merza 2012). Similar results were obtained by, El-Gharmany, (2005) 
maintained that, spray of B-vitamins (B1, B6 and B12) at the abovementioned concentrations to 
cowpea plants significantly increased number of pods/plant and dry seed yield per plant as well as per 
feddan compared to check. Moreover, Abd EI-Hakim, (2006) recorded that some antioxidant increase 
chemical constituents and yield of some legumes. The same results, Shalaby &  El-Ramady, (2014) 
on garlic and Ali et al. (2009) & Shabana et al. (2015) found that some safe and natural substances 
improving productivity of tomato crop. 

 
C- Chemical composition:  

 
1-Effect of cobalamin levels on chemical composition:  

 
Data recorded in Table (3) indicated that all the studied chemical constituents of potato tubers 

(protein, Starch, nitrogen (N), phosphorus (P), potassium (k) percentages total sugar) and total 
chlorophyll in leaves in the two growing seasons significantly increased with different levels of 
cobalamin (vitamin B12: 50, 100 or 150 ppm) compared with control treatment. Also, results revealed 
that the highest values of the investigated chemical constituents of potato tubers were recorded with 
foliar spray of the medium level 100 ppm. While, the highest values of total sugar was recorded with 
control treatment. The obtained results of cobalamin (vitamin B12) were supported by El-Tohamy et 
al. (2008). Similar results were found on other plants (Helal et al. 2005 and El- Banna et al. 2006). 
The same trend, El-Gharmany, (2005) maintained that, foliar spray of cowpea vitamin B12 at 100 
ppm singly, significantly enhanced nitrogen fixation activity expressed as acetylene reduction. Similar 
results, Mohamed & Naheif, (2013) found that, applications of vitamin (B12 at 50 ppm) were with 
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stimulating some plant pigments and different minerals in both the leaves and grains of wheat in 
relative to the control treatment. Moreover, Shalaby & El-Ramady, (2014) found that vitamins reveal 
an increase in N, P, Ca and Zn levels in the tomato fruits. In addition, Abo- Hinna & Merza, (2012) 
and Hamed & Sanavy, (2015) maintained that root protein content and leaf carotenoid content of 
Phaseolus vulgariswere not affected by vitamin B12.   

 
Table 3: Effect of foliar spray with cobalamin, folic acid and ascorbic acid on chemical composition of potato 

plant during of 2011 and 2012 

Chract. 
 

Treat. 

Protein% Starch N% P% K% Total sugar 
Total 

chlorophyll 
(SPAD ) 

2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 2011 2012 
Control 9.44 9.69 7.44 7.54 1.51 1.55 0.281 0.282 1.84 1.92 7.82 7.88 35.8 37.2 

V.B12 (1) 9.96 9.90 8.20 9.00 1.59 1.58 0.284 0.286 2.02 2.22 7.56 7.60 36.6 37.5 
V.B12 (2) 10.10 10.38 11.07 11.68 1.62 1.62 0.297 0.309 2.36 2.42 6.60 6.80 39.8 41.1 
V.B12 (3) 10.06 10.04 10.59 10.87 1.61 1.61 0.292 0.308 2.29 2.31 6.64 6.54 38.4 40.1 
V.B9 (1) 9.94 10.23 9.06 9.17 1.59 1.64 0.295 0.303 2.26 2.34 7.78 7.85 28.2 41.4 
V.B9 (2) 10.38 11.13 13.61 13.63 1.66 1.78 0.300 0.307 2.51 2.59 8.11 8.18 44.4 45.3 
V.B9 (3) 10.27 10.42 13.66 13.76 1.64 1.67 0.298 0.303 2.43 2.58 8.23 8.25 44.6 45.4 
V.C (1) 10.06 10.13 9.11 9.28 1.61 1.62 0.309 0.312 2.26 2.33 8.18 8.27 40.3 40.7 
V.C (2) 10.46 10.98 13.37 13.44 1.66 1.76 0.314 0.319 2.48 2.53 8.13 8.24 44.3 45.4 
V.C (3) 10.42 10.90 13.28 13.35 1.67 1.74 0.320 0.324 2.42 2.58 7.75 7.80 44.1 43.0 

(1)+ (1) + (1) 10.94 10.83 13.33 13.49 1.75 1.73 0.325 0.327 2.43 2.48 8.33 8.34 42.1 43.2 
(2) +(2)+ (2) 11.17 11.45 14.79 14.82 1.79 1.82 0.330 0.334 2.56 2.64 8.25 8.31 45.2 46.3 
(3) +(3) +(3) 10.85 10.94 14.63 14.72 1.74 1.75 0.327 0.331 2.53 2.54 8.15 8.23 44.6 45.8 
LSD at 5% 0.25 0.26 0.09 0.28 0.04 0.06 0.006 0.005 0.05 0.04 0.07 0.09 2.50 1.92 

V.B12= Cobalamin; vitamin B12 at rate 50, 100 or 150 ppm, V.B9= Folic acid; vitamin B9 at rate 50, 100 or 150 ppm 
V.C=Ascorbic acid; vitamin C at rate 150, 300, 450 ppm 

     
2-Effect of Folic acid levels on chemical composition: 

 
Data in Table (3) indicated that foliar application with folic acid (vitamin B9) significantly 

affected the protein, Starch, nitrogen (N), phosphorus (P), potassium (k), percentages total sugar in 
tubers and total chlorophyll in leaves in the two growing seasons as compared to the control 
treatment. The protein, Starch, N, P, K % and total chlorophyll were markedly increased by foliar 
application at the concentration at the medium level at 100 ppm. The highest significant value of 
starch, total sugar % and total chlorophyll were obtained by the treatment of highest level 150 ppm 
folic acid in both seasons. These results are in conformity with those obtained by, Stakhova et al. 
(2000); Al-Said & Kamal, (2008) on sweet pepper and Li et al. (2015) on strawberry      

Folic acid enables plants to produce RNA, a nucleic acid that carries information from DNA 
to plant cell structures known as ribosomes and helps a plant synthesize protein. Moreover, Ibrahim et 
al. (2015) found that folic acid improved significantly total chlorophyll compared to the controls in 
both seasons. Additionally, total soluble carbohydrates and total soluble protein were increased 
significantly in the leaves of potato plants in the two tested seasons.  

 
3-Effect of Ascorbic acid levels on chemical composition: 

 
Data presented in Table (3) show that foliar application of (ascorbic acid; vitamin C at rate 

150, 300, 450 ppm) improved significantly all the investigated biochemical constituents (protein, 
Starch, nitrogen (N), phosphorus (P), potassium (k) percentages total sugar in tubers) in potato and 
total chlorophyll  in leaves in the two growing seasons as compared to the control treatment. The 
highest value of chemical compositions was obtained by the treatment of Ascorbic acid (vitamin C) 
medium level at 300 ppm. These findings may be related to the synergistic effect of the studied 
substances on the different biochemical pathways in plant cell. But the highest value of the percentage 
phosphorus was obtained by foliar spraying of the high levels of ascorbic acid at 450 ppm. The 
increment in phosphorus content could be explained by, Talaat (2003) who found that the 
accumulation of phosphorus by ascorbic acid foliar application may be due to the positive effect of 
ascorbic acid on uptake minerals and accumulation in tubers. These results are in harmony with those 
obtained by, (Helal et al. 2005) on pea plants, (El-Banna et al. 2006) on potato, (El-Kobisy et al. 
2005) and (Gad El-Hak et al. 2012) on Peas. 
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Ascorbic acid increased carbohydrates and total nitrogen percent of pea Helal et al. (2005). 
Other investigators found similar results on the stimulatory effects of ascorbic acid on other plants 
such as eggplant (El-Tohamy et al. 2008) and (El-Hifny and El-Sayed 2011). However, Sally & 
Mervat (2011) found that, ascorbic acid caused superior effects on lettuce total chlorophyll, total 
carbohydrates, total phenols, and N, P, K %. However, Shafeek, et al. (2013) found that, vitamins C 
significantly increasing Lettuce leaf contents of nutritional values. On the other hand, Shalaby & El-
Ramady (2014) found that vitamins do reveal an increase in N, P, Ca and Zn levels in the tomato 
fruits. Moreover, El-Hifny et al. (2011) reported that foliar spraying of ascorbic acid improving 
soluble solid substances (S.S.S) and pigments constituents of leaves and fruits of papper plants 
compared with untreated control (tap water) in both seasons. 

 
4- Effect of levels of interaction on chemical composition:  

 
Data concerning the effect three levels of vitamins (cobalamin + Folic acid + Ascorbic acid) 

combination between them of the low level (50+ 50+150), medium level (100+ 100+ 300) or high 
level (150+ 150+ 450) on potato content, i.e., protein, Starch, nitrogen (N), phosphorus (P), potassium 
(k) percentages and total sugar in tubers) in potato and total chlorophyll  in leaves. Data in (Table 3) 
showed that foliar spray of (cobalamin + Folic acid + Ascorbic acid) significantly increased chemical 
content of potato in the two growing seasons as compared to the control treatment. The highest values 
of protein, Starch, nitrogen, phosphorus, potassium and total chlorophyll were obtained by medium 
level (100 ppm Cobalamin +100 ppm folic acid and ascorbic acid at 300 ppm). The highest value of 
total sugar in tubers was the low level (50 ppm Cobalamin+ 50 ppm folic acid+150 ppm ascorbic 
acid). On the contrary, the lowest values of chemical content were obtained by foliar sprayed low 
level or foliar sprayed of water (control). From the abovementioned results, it could be concluded that 
foliar application of the vitamin treatments might be play an important role in many metabolic and 
physiological processes, through affecting the metabolism of photosynthesis process which led to 
increase in total soluble sugar content and mineral content as explained by, Shalaby & El-Ramady 
(2014). 

Interaction vitamin has become the most prominent of vitamins despite its essential biochemical 
function in amino acids metabolism and nucleic acids synthesis (Andrew et al. 2000). However, 
Abdel-Halim, (1995) reported that foliar spraying of some vitamins as growth regulators improving 
leaf chlorophyll, chemical composition and endogenous hormones of tomato plants during winter. 
Similar results, El-Gharmany, (2005) maintained that, spray of B-vitamins (B1, B6 and B12) at the 
abovementioned concentrations to cowpea plants significantly increased leaf chlorophyll compared to 
check. Moreover, Abd EI-Hakim, (2006) mentioned that some antioxidant increase chemical 
constituents of some legumes. Also, Burguieres et al. (2007) found that, folic acid 50 and vitamin C 
500 μM significantly increasing mineral content of pea (Pisum sativum). The same trend, Shalaby & 
El-Ramady, (2014) found that vitamins reveal an increase in N, P, Ca and Zn levels in the tomato 
fruits. Ali et al. (2009) & Shabana et al. (2015) found that some safe and natural substances 
improving chemical composition of tomato crop. 

 
Conclusion 

 
The present study led to demonstrate that application of vitamins; cobalamin (B12), Folic acid 

(B9) or Ascorbic acid (V.C) whether foliar spray solely or in combination had a significant positive 
effect on growth, yield and chemical composition, of potato plants grown in sandy soil. Vitamins used 
of natural materials and safe in order to improve the growth of plants. Vitamins can be used as a new, 
convenient and affordable organic fertilizer to increase the efficiency of the plant and preserve its 
nutrients. A medium of levels (100 ppm Cobalamin +100 ppm folic acid and ascorbic acid at 300 
ppm) were ideal for potato, as a source of nutrients, could be recommended. 

 
References 

 
Abd EI- Hakim, W.M., 2006. Effect of some antioxidant treatments on chemical constituents, 

antinutritional factors and yield of some vegetable legumes. Ph.D. Thesis, Fac. of Agric., Minia 



Middle East J. Agric. Res., 6(3): 662-672, 2017 
ISSN: 2077-4605 

671 

Univ., Egypt.  
Abdel-Halim, S.M., 1995. Effect of some vitamins as growth regulators on growth, yield and 

endogenous hormones of tomato plants during Winter. Egypt J Appl Sci., 10(12): 322-334. 
Abo-Hinna, M.A. and T.K. Merza, 2012. Effect of organic manure, tuber weight and ascorbic acid 

spraying on some vegetative parameters and marketable yield of potato (Solanum tuberosum L.) 
grown in sandy soil. Agri. Sci. Kufa Magazine: (4) 15-29. 

Ahmed, A.A., 1999. Physiological studies on potato tuberization under environmental stress. Ph.D. 
Thesis, Ain Shams Univ., pp: 97. 

Ali, A.A., T.B. Ali and K.A. Nour, 2009. Antioxidants and some natural compounds applications in 
relation to tomato growth, yield and chemical constituents. Ann. Agric. Sci., Mosht, 47(4): 469-
477. 

Al-Said, M.A. and A.M. Kamal, 2008. Effect of foliar spray with folic acid and some amino acids on 
flowering, yield and quality of sweet pepper. J. Agric. Sci. Mansoura Univ., 33(10): 7403-7412. 

Andrew, W.J., C. Youngkoo, X. Chen and S.G. Pandalai, 2000. Vicissitudes of a vitamin. Recent Res. 
Dev. Phytochem., 4: 89-98. 

A.O.A.C., 2000. Official method of analysis (17thed.). Gaithersburg, MD, USA: Association of 
Official Analytical Chemists, 967.21  

Brown, J.D. and O. Lilliland, 1964. Rapid kaus determination of potassium and sodium in plant 
materials and soil extracts by flame photometer. Proc. Amer. Soc. tbrt. Sci., 48: 341-346. 

Burguieres, E., P. McCue, Y. Kwon and K. Shetty, 2007. Effect of vitamin C and folic acid on seed 
vigour response and phenolic-linked antioxidant activity. Bioresearch Technology, 98: 1393-
1404.  

Burton, W.G., 1948. "The Potato".Champan and Hall, London, pp: 319. 
Dubois, M., K.A. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith, 1956. Calorimetric method for 

determination of sugars and related substances. Anal. Chem., 28: 350-356. 
El-Banna, E.N., S.A. Ashour and H.Z. Abd El-Salam, 2006. Effect of foliar application with organic 

compounds on growth, yield and tubers quality of potato (Solanum tuberosum L.). J. Agric. 
Sci., Mansoura Univ., 31(2): 1165-1173. 

El-Ghamriny, E.A., H.M. Arisha and A.E. Kamel, 2005. Effect of foliar spray with B-vitamins (B1, 
B6 and B12) on growth and seed yield of cowpea plants. Zagazig J. Agric. Res., 32(6): 1767-
1783. 

El-Hifny, Islah, M.M. and M.A.M. El-Sayed, 2011. Response of sweet pepper plants growth and 
productivity by application of ascorbic Acid and biofertilizers under saline condition. Aust. J. 
Basic Appl. Sci., 5(6): 1273. 

El-Kobisy, D.S., K.A. Kady, R.A. Medani and R.A. Agamy, 2005. Response of pea plant (pisum 
sativum L.) to treatment with ascorbic acid. Egypt. J. Appl. Sci., 20: 36-50. 

El-Tohamy, W.A., H.M. El-Abagy and H.M. El-Greadly, 2008. Studies on the effect of putrescine, 
yeast and vitamin C on growth, yield and physiological responses of eggplant (Solanum 
melongena L.) under sandy soil conditions. Aust.J.Basic.Appl Sci., 2(2): 296-300. 

Emam, M.M., A.H. El-Sweify and N.M. Helal, 2011. Efficiencies of some vitamins in improving 
yield and quality of flax plant. African J. Agric. Res., 6(18): 4362-4369. 

Gad, El-Hak, S.H., A.M. Ahmed and Y.M.M. Moustafa, 2012. Effect of foliar application with two 
antioxidants and humic acid on growth, yield and yield components of Peas (Pisum sativum L.). 
J. of Horticultural Science & Ornamental Plants, 4(3): 318-328.  

Gomez, K.A. and A.A. Gomez, 1984. Statistical Procedures for Agriculture Research. 2nd ed. Willey 
Inter Sci. Publ., pp: 323-357. 

Hamed, K.S. and M.A.M. Sanavy, 2015. Biochemical and morphological response of common bean 
(Phaseolus vulgaris L.) to salinity stress and vitamin B12.  Intl. J. Farm and Alli. Sci.., 4(7): 
585-593. 

Helal, F.A., S.T. Farag and S.A. El-Sayed, 2005. Studies on growth, yield and its components and 
chemical composition under effect of vitamin C, vitamin B1, boric acid and sulphur on pea 
(Pisum sativum L.) plants. J Agric Sci, Mansoura Univ., 30(6): 3343-3353. 

Huphries, E.C., 1965. Mineral Components and Aash Analysis, Modern Methods of Plant Analysis, 
edited by Peach, k. and Tracey, M.V. springer verlag, Berlin, 1: 468. 

Ibrahim, M.F.M., H.G. Abd El-Gawad and A.M. Bondok, 2015. Physiological impacts of potassium 



Middle East J. Agric. Res., 6(3): 662-672, 2017 
ISSN: 2077-4605 

672 

citrate and folic acid on growth, yield and some viral diseases of potato plants. Middle East J. 
Agric. Res., 4(3): 577-589, 2015, ISSN 2077-4605. 

Johnson, C.M. and A. Uirich, 1959. Analytical methods for use in plant analysis, U.S. Dept. Agri. 
Colf. Univ., Agri. Inform. Bull., 766. 

Li, D., L. Li, Z. Luo, W. Mou, L. Mao and T. Ying, 2015. Comparative transcriptome analysis reveals 
the influence of abscisic acid on the metabolism of pigments, ascorbic acid and folic acid during 
strawberry fruit ripening. PLos One, 10(6): 1-15. 

Mohamed, M. and E. Naheif, 2013. Behaviour of wheat Cv. Masr-1 plants to foliar application of 
some vitamins. Nature & Sci., 11(6)1.  

Mahmoud, M., Mansour, 2014. Response of soybean plants to exogenously apply with ascorbic acid, 
zinc sulphate and paclobutrazol. Rep Opinion., 6(11): 17-25. (ISSN: 1553-9873). 

Page, A.L., R.H. Miller and D.R. Keeny, 1982. Methods of soil analysis, part 2, Chemical and 
microbiological properties American soc. of Agron; Madison, Wisconsin U.S.A. 

Pervez, M.A., F. Muhammed and E. Mullah, 2000. Effect of organic and inorganic manures on 
physical characteristics of potato (Solanum tuberosum L.). Int. J. Agr. and Bio., 2(1-2): 34-36. 

Poudineh, Z., Z.G. Moghadam and S. Mirshekari, 2015. Effects of humic acid and folic acid on 
sunflower under drought stress. Bio. Forum – An Inter. J., 7(1): 451-454. 

Ranganna, S., 1977. Manual of analysis of fruit and vegetable products central Food Technological 
Research Institute Mysore, 1977, USA. 

Richards, L.F., 1954. Diagansis and improvement of saline and alkaline soils. Agric. Hand Book, U. S 
.A. 60. 

Rowel, D.L., 1993. Soil science methods and applications 350 P. Dep. of Soil Science, Univ., of 
Reading Co. Published in the US with John Willey and Sons Inc. New York. 

Sally, A. Midan and Mervat E. Soria, 2011. Some antioxidants application in relation to lettuce 
growth, chemical constituents and yield. Aust. J. Basic & Appl. Sci., 5(6): 127-135. 

Shabana, A., A. Hoda, M.R. Shafeek and F.S. Abd El-Al, 2015. Improving productivity of tomato 
crop grown under high temperature condition using some safe and natural substances. Middle 
East J. Agric. Res., 4(1): 20-26. 

Shafeek, M.R., Y.I. Helmy, M.M. Neama, A.F.Sh. Magda and N.M. Omer, 2013. Effect of foliar 
application of some antioxidants on growth, yield and chemical composition of Lettuce plants 
(Lactuca Sativa L.) under plastic house condition. Middle East J. Appl. Sci., 3(2): 70-75, ISSN 
2077-4613. 

Shalaby, T.A. and H. El-Ramady, 2014. Effect of foliar application of bio-stimulants on growth, 
yield, yield components and storability of garlic (Allium sativum L.). Austral. J. of crop Scie., 
8(2): 271-275.  

Shokr, M.M.B. and M.T. Abdelhamid, 2009. Using some antioxidant substances for enhancing 
thermo tolerance and improving productivity of pea (Pisum sativum L.) plants under local 
environment of early Summer Season. Agri. Res. J., 9(1): 69-76. 

Smith, A.G., M.T. Croft, M. Moulin and M.E. Webb, 2007. Plants need their vitamins too. Physiol. 
Metab., 10(3): 266-275. 

Stakhova, L.N., L.F. Stakhov and V.G. Ladygin, 2000. Effects of exogenous folic acid on the yield 
and amino acid content of the seed of Pisum sativum L. and Hordeum vulgare L. Appl. Bio. and 
Microbio., 36(1): 98-103.  

Talaat, N.B., 2003. Physiological studies on the effect of salinity, ascorbic acid and putrescine on 
sweet pepper plant. Ph.D Thesis, Agric Bot. Dept., Fac. Agric., Cairo Univ., pp: 286. 

Warren, M.J., E. Raux, H.L. Schubert and J.C. Escalante-Semerena, 2002. The biosynthesis of 
adenosylcobalamin (vitamin B12). Nat Prod Rep2002, 19: 390-412. 

 


	Response of potatoes to foliar spray with cobalamin, folic acid and ascorbic acid under North Sinai conditions
	Received: 28  May 2017 / Accepted: 10 July 2017 / Publication date: 25 July 2017
	ABSTRACT 



