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ABSTRACT 

In order to study the effect of calcium and humic acid foliar application on growth, yield and yield components of tomato 
plants as a completely randomized experimental design with four replications.  These factors included humic acid in 3 
levels (5, 10 and 20 ppm) and calcium in 2 levels (5 and 10 mM) spray on tomato.  Results indicated that humic acid (20 
ppm) and calcium (10 mM) either alone or in combination (20 ppm HA+10 mM Ca) increased vegetative and 
reproductive growth, yield and chlorophyll content.  The application 20 ppm HA+10 mM Ca significantly increased the 
leaves-NK content and dry weight; in the other hand it decreased the incidence of blossom end rot.  The TSS, TA, and 
vitamin C content of tomato fruit had significantly affected by the application of 20 ppm HA+10 mM Ca.  Foliar 
application of 20 ppm HA+10 mM Ca resulted in the maximum TSS (6.64 °Brix), TA (3.5 and vitamine C (15.1). In 
conclusion, application of calcium and humic acid improved the yield contributing factors that resulted in significant 
increase in tomato fruit yield. 
Key words: tomato, growth, yield, fruit quality, humic acid, calcium 
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INTRODUCTION 
Tomato (Lycopersicon esculentum Mill.) is important crop in many countries. According to FAO, tomato 
has a main role in human nutrition because of its rich source of lycopene, minerals and vitamins such as 
ascorbic acid and b-carotene which are anti-oxidants and promote good health [1]. Foliar application is 
based on the principle that the nutrients are quickly absorbed by leaves and transported to different 
parts of the plant to fulfill the functional requirement of nutrition. Foliar application of the nutrients is 
obviously an ideal way of evading the problems of nutrient availability. Refaat and Saleh [2] 
demonstrated that foliar application of macro and micro components at 3000 ppm in monthly time 
intervals, advantageously affected basil yield quantity and the quality of essential oil.  
Calcium ions perform multiple roles in plant cell physiology. They are important intracellular messengers, 
mediating responses to hormones, biotic and abiotic stress signals and a variety of developmental 
processes [3]. In most fruits, firmness retention is an important quality parameter in fresh-cut fruits and 
vegetable products. The preharvest nutritional status of fruit, especially with respect to calcium, is an 
important factor affecting potential storage life [4]. Foliar applications of calcium chloride have been 
reported to delay ripening and retard fungal growth on strawberries [5]. 
Humic acid (HA) is a heterogeneous mixture of many compounds with generally similar chemical 
properties; it performs various functions in the soil and on plant growth. The effect of HA on the 
availability of P and micronutrients has been given particular attention because of considerable increases 
in uptake rates of HA application [6]. The objective about the effect of humic acid on plant growth [7] 
means that humic substances affect the ion exchange of plant nutrients which are useful in microbial 
activity by increasing conversions directly as well as indirectly as a result of the stimulating plant growth 
hormones. Albayrak and Camas [8] found that increasing application of humic acid has significantly 
promoted root and leaf yield of forage turnip (Brassica rape L.). Soil pH increased with rising levels of HA 
addition and the same trend was also observed for organic C and CEC of the soils by Sharif et al., [9]. The 
application of Humic reduces the requirement of other fertilizers. It also increases crop yield, soil 
aeration, and drainage. It can also be improved by Humic, the establishment of desirable environment for 
the development of microorganisms. The aim of the present study was the effects of foliar spraying of HA 
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and Ca either alone or in combination on the growth, yield, fruit quality characteristics and blossom end 
rot incidence of tomato fruit. 
 
MATERIAL AND METHODS 
The field experiment was conducted in 2012-2013 at the greenhouse complex in Ilam (Elevation 1339 m, 
Latitude East 33.638, Longitude North 46.431), Iran. The soil of the experimental field was silty loam in 
texture with a pH of 6.5, containing total N (2.4%), total C (1.35%), a C/N ratio of 0.45, 77, 114 mg·kg-1 of 
P, and K, respectively, and with an EC of 0.078 ds·cm-1. The aim of the experiment was to study the effect 
of 3 concentrations of HA (5, 10 and 20 ppm) and 2 concentrations of Ca (5  and 10 mM) spray, on plant 
height, number of fruits per cluster, total yield,  mean fruit weight, soluble solid content, total titrable 
acid, vitamine C, total nitrogen and potassium in fruits of tomato. `Rada` cultivar seeds were sown on 5 
April 2012 in single plastic pots (12 × 11 cm) filled with white peat. Transplantation took place on 1 May 
2012  into greenhouse, at a plant density of 3 plants per m2 for the remainder of the experiment after soil 
plowing and disking.  Plants were grown vertically, allowing the principal stem to grow. Spraying 
solutions were prepared with distilled water and sprayed three times during plant growth by 20 days 
between treatments with a sprayer. Temperature inside the greenhouse was controlled using automatic 
activation of the aerial heating fan with a TCL split type air condition-indoor unit system to maintain 
temperature between 25 and 16°C (day and night). Harvesting took place from 3 July to 18 September 
2012 (7 times). The recorded growth traits were: During the trial three plants per experimental unit were 
sampled and fruit numbers and weight were determined. Fresh and dry weight were measured for the 
fruits after drying in a thermo-ventilated oven at 70°C. Plant height was determined for 5 plants in the 
middle row in each treatment after the first picking. For this purpose, the plant height from the soil line to 
the top was determined with a measuring tape and averaged to represent corresponding treatments.   
Total nitrogen of the sample was determined by Kjeldahl method [10]. Leaf K was measured with the help 
of a flame photometer. Lycopene in fruits was estimated as described by Sadasivam and Manikam [11]. 
The number of flower clusters per plant, number of fruits per cluster, and number of fruits per plant were 
determined for 5 plants in the middle row of the replication. For this purpose, the number of flower 
clusters per plant, number of fruits per cluster, and number of fruits per plant were counted and divided 
by the total number of plants. Nitrate Reductase Activity (NRA) was determined by the method of Silveira 
et al., [12]. Leaf disc from the second youngest fully expanded leaves (200 mg fresh mass) were infiltrated 
twice for two minutes with 5 ml of reaction mixture containing 100 mmol/l Potassium Phosphate buffer 
(pH 7.5) ; 25 mmol/l KNO3 ; and 1% isopropanol. The reaction mixture was incubated at 35°C for 30 
minutes in the dark. NR activity was estimated from the amount of NO2- formed during the incubation 
period and released from the leaf discs to the medium after boiling for 5 minutes. Aliquots were mixed 
with 2 ml of (1:1) 1% sulfanilamide in 2.4 mol /l HCl ; 0.02% N-1-naphtyl-ethylenediamine and the 
absorbance was taken at 540 nm. The total yield for each treatment was calculated by weighing the fruit 
picked in each replication and converting the weight to Mg. ha-1. The average fruit weight was estimated 
by weighing 10 fruits in each treatment, with the help of an electronic balance measuring in grams to the 
third decimal place, and then converting to average fruit weight. Sub-samples (10 g) were pressed 
through cheese cloth to extract the juice.  Total soluble solids were determined on a portable 
refractometer (NC-1, Atago Co., Japan) standardized with distilled water. Total titrable acid and vitamine  
C was measured by NaOH (0.1 M) titration and indophenol’s method according to Horvitz et al., [13].   
Blossom end rot incidence (%) was estimated by counting the total number of fruits and fruits showing 
symptoms of blossom end rot in each treatment. The blossom end rot incidence is expressed as a 
percentage of total fruits. The fruit firmness was recorded with the help of a penetrometer. For this 
purpose, 5 fruits from each treatment were taken and penetration force was measured by gently inserting 
the probe into the equatorial region of the fruit. The readings for all 5 fruits were averaged to represent 
the corresponding treatments. Photosynthetic pigments chlorophyll was determined using chlorophyll 
meter (SPAD-502, Minolta   Co. Japan), which is  presented by SPAD value. Average of 3 measurements 
from different spots of a    single leave was  considered. 
Statistical Analysis 
The experiment was completely randomized experimental design (CRD) with three replications. 
Data were analyzed by SPSS 16 software and and comparing averages was done by Duncan’s test and a 
probability value of %5. 
 
RESULTS AND DISCUSSIONS 
Vegetative factors, chlorophyll and leaf NK content 
Our results showed that application of HA and Ca either alone or combination significantly influenced 
plant height and dry weight (Table 1). The highest rates of these variables were found at 20 ppm HA+10 
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mM Ca. In other words, application of higher concentrations of these factors increased plant height and 
dry weight as other treatments (Table 1). It is evident that increase in HA (from 5 and 10 to 20 ppm) and 
Ca concentration (from 5 to 10mM) increased plant height and dry weight (Table 1).   HA and Ca either 
alone or combination significantly affected chlorophyll and leaf-NK content (Table 1). The highest 
chlorophyll and leaf-NK content were obtained at 20 ppm HA+10 mM Ca. Results indicated a rise in 
chlorophyll and leaf-NK content as HA and Ca concentration increased.  Foliar application of 20 ppm 
HA+10 mM Ca resulted in the maximum plant height (122 cm) and dry weight (6.79 g). Fernández-
Escobar et al., [14] found that application of HA and Ca stimulated chlorophyll content and  accumulation 
of K, B, Mg, Ca and Fe in leaves. Ayas and Gulser [15] reported that HA application was the main reason of 
enhanced nitrogen uptake in spinach. These results are in agreement with Del-Amor  and Marcelis [16] 
and Celik et al., [17]. They reported that, HA and Ca significantly increased mineral -nutrients uptake. The 
results are accordance to Abdel Fatah et al., [18], Yaseen et al., [19] and Kashif et al., [20] who observed 
that application of humic acid and Ca improved growth parameters. Yousef et al., [21] indicated that 
treated Chemlali olive seedlings with HA was the most effective compared with the other treatment since 
this gave the best results concerning plant height, brunch numbers, leaf numbers. Also it increased plant 
diameter and leaves area comparing with control. Deficiency of Ca decreases plant height by mitotic 
activity reduction in the terminal meristem [22]. Thus, the application of calcium raises plant height [23]. 
Smolen and Sady [24] reported that Ca application caused an increase in the concentration of N-total in 
storage roots in comparison with control plants. Similar results were obtained in our research that total 
NK in fruits increased when sprayed with higher level of Ca. Since HA enhances plant height (Table 1), the 
Ca and HA combinations were more effective than individual application on climbing the number of 
branches per plant and plant height.  The present findings are in agreement with the results obtained by 
Siddiq et al., [25] and Mahmoud and Hafez [26] who reported vegetative growth parameters of soybean 
improve at high concentration of HA and Ca than low.  
 
Table 1. Effect of HA and Ca on leaves-NK content, yield, number of fruits per plant,mean fruit weight, number of flower branch per 

plant, plant height of tomato  

Treatments  Plant 
height (cm)  

Number 
of flower 

branch 
per plant 

Number 
of fruits 

per 
plant  

Mean 
fruit 

weight 
(g)  

Yield 
(Mg. ha-

1)  

Chlorophyll 
(SPAD)  

D. W. 
(g/100g 

F.W.)   
N(%)  K(%)  

Control 83.14c 3.14c 16.12c 56.42c 87.15cc 16.21c 4c 1c 1.87c 

5 ppm HA 97.14b 4.12b 20.14ab 78.35b 100b 18.1b 4.79b 2b 2.1b 

10 ppm HA 100.12b 4.36b 20.21ab 80.14b 101.1b 20.14b 5.1b 2.1b 2.14b 

20 ppm HA 120.14a 5.14ab 25.14ab 90.14ab 122.14b 27.14ab 6a 2.41a 3.2a 

5 mM Ca 90.4b 4.25b 18.2b 72.1b 91.1b 21.4b 5b 2b 3.1ab 

10 mM Ca 100.1b 5.1ab 21.14ab 91.2ab 101.14b 25.3ab 5.71a 2.34a 3.34a 

5 ppm HA+5 mM Ca 94.89b 4.41b 17.6b 81.8b 128.6b 20b 3.7b 1.8bc 2.7b 

5 ppm HA+10 mM Ca 95.36b 4.61b 17.86b 88.6ab 127.3b 19.89b 3.8b 1.79bc 2.49b 

10 ppm HA+5 mM Ca 97b 4.5b 18b 90ab 131.14b 21.7b 4.1b 1.89bc 2.89b 

10 ppm HA+10 mM Ca 97.1b 4.89ab 18.36b 87.14ab 140.1ab 22.1b 4.8ab 2.1b 3b 

20 ppm HA+5 mM Ca 100.14b 5.1ab 21.14ab 90.14ab 142.1ab 24.17b 5.1ab 2.12b 3.12ab 

20 ppm HA+10 mM Ca 122a 6a 30.1a 95.14a 160.14a 32.1a 6.79a 2.61a 3.4a 

Means followed by same letter are not significantly different at 5% probability using Duncan's 
test. 

 
Reproductive growth, Mean fruit weight and Yield 
HA application significantly increased reproductive growth and yield when accompanied by nickel 
treatment (Table 1). HA and Ca interaction had significant effect on number of flower branch per plant, 
number of fruits per plant, mean fruit weight and yield. The highest number of flower branch per plant 
(6), number of fruits per plant (30.1) observed when 10 mM Ca and 20 ppm HA were used together 
(Table 1). Increase in HA concentration significantly increased mean fruit weight and yield when 
accompanied by Ca, and the highest values of this parameter (95.14 g and 160.14 Mg. ha-1)were obtained 
at 20 ppm HA+10 mM Ca (Table 1). Our results were in agreement with that of Muromtsev et al., [27] and 
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Celik et al., [17] and Albayrak and Camas [8] who observed that, application of Ca and HA can significantly 
increased the reproductive growth and yield.  In the full bloom period of humic acid application, berry 
weight, reproductive growth and maturity index values of Italy grape cultivar increased significantly [28]. 
Application of humic acid enhanced head weight of lettuce (Lactuca sativa L. var. longifolia) by increasing 
the availability of phosphorus and nitrogen [29]. The positive effects of the humic substances were also 
observed on the studies such as dry matter yield increases on corn and oat seedling [16], yield that 
increases on radish and green bean seedlings [30]. Similar results were also obtained from pepper fruit 
treated with HA [31]. However, in another study, Yildirim [32] have reported a significant enhancement 
in fruit diameter and length as a result of exogenous HA application in tomato. Muromtsev et al., [26] 
reported that Ca application  during growth stage of 3-4 true leaves of tomatoes  increased the yield by 
30-50% along with accelerated ripening and improved quality. Application of Calcium carbide also 
stimulates root growth and early onset of flowering in agronomic and vegetable crops [19-20]. Zaky et al., 
[33] found that the number of shoots/plant, average leaf area, total yield and average pod fresh weight 
were increased by application of humic acid as a foliar fertilizer at a rate of 1 g/L. Our results is supported 
by the finding of Russo and Berlyn [30] and Hao and Papadopoulos [34] who reported that HA and Ca 
sprays increased fruit yield and reproductive growth of tomato. 
 

Table 2. Effect of HA and Ca on TSS, TA,  vitamine C and Blossom end rot of tomato  

Treatments  TSS (°Brix) TA (%) Vit. C (mg. 100 g 
fresh fruit-1) 

Blossom end 
rot (%) 

Control 3.12c 1c 7.36c 32.14a 

5 ppm HA 4.1b 2.7b 9.45b 14.51a 

10 ppm HA 4b 3.1ab 10.1b 14.3a 

20 ppm HA 5.15ab 3.41a 12.1a 10.12b 

5 mM Ca 5.1b 2.4b 10.3b 7.1a 

10 mM Ca 6.1a 3.14a 12.14a 5.1b 

5 ppm HA+5 mM Ca 4b 1.6b 9.79b 6.2a 

5 ppm HA+10 mM Ca 4.01b 1.89b 10b 6.12a 

10 ppm HA+5 mM Ca 3.89b 2.64ab 9.8b 6.71a 

10 ppm HA+10 mM Ca 4b 2.5ab 10.1b 6a 

20 ppm HA+5 mM Ca 4.12b 2.87ab 11.49ab 6.8a 

20 ppm HA+10 mM Ca 6.64a 3.5a 15.1a 4.14b 

Means followed by same letter are not significantly different at 5% probability using Duncan's test. 
 
Fruit quality 
Different HA and Ca levels alone or in combination had significant effect on fruit quality (Table 2). TSS, TA 
and vitamin C content increased when plants were sprayed with 20 ppm  HA and 15 mM Ca (Table 2).  
Interaction between factors was significant in TSS, TA and vitamin C contents. Highest amount of TSS 
(6.64 °Brix), TA (3.5 %) and vitamin C (15.1 mg. 100 g fresh fruit-1) were observed from sprayed at 20 
ppm HA+10 mM Ca. The blossom end rot was affected by application of HA and Ca alone or in 
combination. Lowest end rot (4.14%) was obtained from 20 ppm HA+10 mM Ca (Table 2).  The blossom 
end rot of tomato fruit is a physiological disorder resulting from calcium deficiency [16]. It reduces fruit 
quality and market value [35]. The blossom end rot incidence can be aggravated by the deficiency of other 
nutrients such as NH4-N, K, and Mg [36]. These results support the conclusion that the application of 
calcium combination as growth media reduces disease of plants which was exposed to foliar pathogens 
[37]. Similar findings were reported by Samant et al., [38]. Preharvest and postharvest treatments with 
calcium salts have been effective in control of several physiological disorders, reducing the incidence of 
fungal pathogens and maintaining fruit firmness [39]. It may also be due to micro-nutrients which are 
known to impart direct and indirect effects on fruit yield and quality. Similarly, Kumar and Shukla [40] 
also reported that fruit quality of litchi increased by spray of macro and micro element. Increasing the 
Ca2+ content of apples maintains fruit firmness, decreases the incidence of disorders such as water core, 
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bitter pit and internal breakdown [41]. Calcium was found to increase cell membrane integrity by binding 
to the polar head groups of phospholipids. Obviously, many studies have been focusing on the role of 
calcium in maintaining fruit apple quality since it binds to the cell wall polymers.  In general, TSS is an 
important quality factor which influences the palatability and acceptability of fruit. The presented data in 
this study agreed with that found by Kadir [42] who showed that preharvest tree sprays with Ca have 
been used commercially to improve ratio of soluble solid concentration to titralable acidity of apple fruits.  
Saleh et al., [43] and Yildirim [32] have reported a significant enhancement fruit quality as a result of 
exogenous HA application in tomato. The same results were noticed when humic acid applied on 'Canino' 
apricot when it enhanced T.S.S and decreased acidy [44]. According to the results significant 
improvement on tomato quality characteristics was observed. It seems that under higher concentration of 
Ca and HA could find a better relation between spraying and quality.  
 
REFERENCES 
1. Wilcox, J., Catignani, G., and Lazarus, C. (2003).Tomatoes and cardiovascular health. Crit. Rev. Food Sci. Nutr., 

43(1):1–18. 
2. Refaat A.M., and Saleh M.M.  (1998). The combined effect of irrigation intervals and nutrition onsweet basil 

plants. Hortic. Abstr.,68(6):515–526. 
3. Reddy, V. S., and Reddy, A. S. N. (2004). Proteomics of calcium-signaling components in plants. Phytochemistry., 

65: 1745–1776. 
4. Fallahi, E., Conway, W.S., Hickey, K. D., and Sams, C.E. (1997). The role of calcium and nitrogen in postharvest 

quality and disease resistance of apples. HortScience., 32(5):831-835. 
5. Wojcik, P., Lewandowski, M. (2003). Effect of calcium and boron sprays on yield and quality of ‘‘Elsanta” 

strawberry. Journal of Plant Nutrition., 6:671–682. 
6. Ayuso, M., Hernandez, T., Garcia, C., and Pascual, J.A. (1996). Stimulation of barley growth and nutrient 

absorption by humic substances originating from various organic materials. Bioresourc. Technol., 57: 251–257. 
7. Vaughan, D., and McDonald, IR. (1976). Some effects of humic acid on the cation uptake by parenchyma tissue. 

Soil Biol. Biochem., 8: 415-421. 
8. Albayrak, S., and Çarnas, N. (2005). Effects of different levels and application times of humic acid on root and leaf 

yield components of forage turnip. J. Agron., 4(2): 130-133. 
9. Sharif , M., Khattak, R.A., and Sarir, M.S.2002.Effect of different levels of lignitic coal derived humic acid on 

growth of maize plants. Commun. Soil Sci. Plant Anal., 33(19):3567-3580. 
10. Kacar, B. (1972). Bitki ve topragin kimyasal analizleri. II. Bitki analizleri. Ankara Univ. Ziraat Fak., Ankara, 

Turkey; Yayin. 453. 
11.  Sadasivam, S., Manickam, A. Biochemical Methods for Agricultural Sciences, Wiley Eastern Limited, New Delhi; 

(1992). 
12. Silveira, JAG., Matos, JCS., Ceccato, VM., Sampaio, AH., Costa, RCL., and Viégas, RA. (1998) . Induction of nitrate 

reductase activity and nitrogen fixation in two Phaseolus species in relation to exogenous nitrate level. Physiol 
Mol Bio Plants., 4:181-188. 

13. Horvitz, W., Chic Hilo, P., Reynolds, H. (1970). Official methods of analysis of the association of official analytical 
chemists. Eleventh edition, P.O. Box. 540. Benjamin Franklin Station. Washington DC 20044. 

14. Fernández-Escobar, R., Benlloch, M. Barranco, D.  Dueñas, A. and Gutérrez Gañán, J.A. (1999). Response of olive 
trees to foliar application of humic substances extracted from leonardite. Scientia Horticulturae., 66(3-4): 191-
200. 

15. Ayas, H., and Gulser, F. (2005). The effects of sulfur and humic acid on yield components and macronutrient 
contents of spinach. J. Biol. Sci., 5(6): 801-804. 

16. Del-Amor, F.K., and Marcelis, LFM. (2003).Regulation of nutrient uptake, water uptake and growth under calcium 
starvation and recovery. J Hort Sci Biotechnol., 78: 343–349. 

17. Celik, H., Katkat, A.V., Ayk, B.B., and Turan, M.A. (2008). Effects of Soil Application of Humus on Dry Weight and 
Mineral Nutrients Uptake of Maize under Calcareous Soil Conditions. Archives of Agron. Soil Sci., 54(6): 605-614. 

18.  Abdel Fatah, H.,   Boshra, G., El Sayed, A., and Shahin, S.M. (2008). The role of humic acid in reducing the harmful 
effect of irrigation with saline water on tifway turf. J. Bio. Chem. Environ. Sci., 3(1): 75-89. 

19. Yaseen, M., Arshad, M.  and Khalid, A.  (2006). Effect of acetylene and ethylene gases released from encapsulated 
calcium carbide on growth and yield of wheat and cotton. Pedobiologia., 50: 405-411 

20. Kashif, S.R., Yaseen, M. Arshad, M.  and Abbas, M.  (2007). Evaluation of response of Calcium carbide as a soil 
amendment to improve nitrogen economy of soil and yield of okra. Soil and Environ., 26(1): 69-74. 

21. Yousef, Aml., Hala, R.M.,Emam, S., and Saleh, M.M.S. (2011). Olive seedlings growth as affected by humic and 
amino acids, macro and trace elements applications. Agric. Biol. J. N. Am., 2(7): 1101-1107. 

22. Nelson, P.V., and Niedziela, C.E. (1998).Effect of calcium sources and temperature regimes on calcium deficiency 
during hydroponic forcing of tulip. Sci Hortic., 73: 137–150. 

23. Dole, J.M., and Wilkins, H.F. (2005). Floriculture Principles and Species Prentice-Hall Inc., USA, pp: 1023. 
24. Smolen, S, and Sady, W. (2008).The effect of various nitrogen fertilization and foliar nutrition regimes on the 

concentrations of nitrates, ammonium ions, dry matter and N-total in carrot (Daucus carota L.) roots. Scientia 
Horticulturae.(In press). 

Mohsen Kazemi 
 



BEPLS Vol 2 [11] October 2013 29 | P a g e        ©2013 AE LS, India 

25. Siddiq, S., Yaseen, M., Mehdi, A.Z., Khalid, A., and Kashif, S. (2009).Growth and yield response of tomato 
(Lycopersicon esculentum Mill.) to soil applied calcium carbide and L-methionine. Pak J Bot., 41: 2455–2464. 

26. Mahmoud, A.R., and Hafez, M.M. (2010). Increasing productivity of Potato plants (Solanum tuberosum) by using 
potassium fertilizer and Humic application. Int. J. Acad. Res., 2: 83-88. 

27. Muromtsev, G.S., Letunova, S.V.  Beresh, I.G.  and Alekseeva, S.A. (1990). Soil ethylene as a plant growth regulator 
and ways to intensify its formation in soil. Biol. Bull. Acad. Sci. USSR, 16: 455-461. 

28. Ferrara, G., and Brunetti, G. (2010). Effects of the times of application of a soil humic acid on berry quality of 
table grape (Vitis vinifera L.) cv Italia. Spanish J. Agric. Res., 8: 817-822. 

29. Cimrin, K.M., and Yilmaz, I. (2005). Humic acid applications to lettuce do not improve yield but do improve 
phosphorus availability. Acta. Agr. Scand. B-S P., 55: 58-63. 

30. Russo, R.O., and Berlyn, GP.(1992).Vitamin humic algal root biostimulant increases yield of green bean. Hortic. 
Sci., 27(7): 847. 

31. Karakurt, Y., Unlu, H., Unlu, H., and Padem, H. (2009). The influence of foliar and soil fertilization of humic acid on 
yield and quality of pepper. Acta Agriculturae Scandinavica Section B Plant Soil Science., 59 (3): 233- 237. 

32. Yildirim, E. (2007).Foliar and soil fertilization of humic acid affect productivity and quality of tomato. Acta 
Agriculturae Scandinavica Section B-Soil Plant Science., 57: 182-186. 

33. Zaky, M.H., Zoah, EL. and Ahmed, ME.(2006). Effects of humic acids on growth and productivity of bean plants 
grown under plastic low tunnels and open field. Egypt. J. Appl. Sci., 21(4B): 582-596 

34. Hao, X., and Papadopoulos, A.P. (2003). Effect of calcium and magnesium on growth, fruit yield and quality in a 
fall greenhouse tomato crop grown on rockwool. Can. J. Plant Sci., 83: 903-912. 

35. Taylor, M.D., Locascio, S.J., and  Alligood, M.R. (2004).Blossom-end rot incidence of tomato as affected by 
irrigation quantity, calcium source, and reduced potassium. Hort Sci 39: 1110–1115. 

36. Navarro, J.M., Flores, P., Carvajal, M., and  Martinez, V. (2005).Changes in quality and yield of tomato fruit with 
ammonium, bicarbonate and calcium fertilization under saline conditions. J Hort Sci Biotechnol., 80: 351–357. 

37. Guillem, S., Eva, C., Celia, B., Mannuel, A., and Isabel, T. (2007). The suppressive effects of composts used as 
growth media against Botrytis cinerea in cucumber plants. J. Eur. Plant pathol., 117: 393-402. 

38. Samant, D., Mishra ,N.K., Singh, A.K., and Lal, R.L. (2008). Effect of micronutrient sprays on fruit yield and quality 
during storage in ber cv. Umran under ambient conditions. Indian Journal of Horticulture., 65 (4) : 399–404. 

39. Bakshi, P., Fa, M., Gs, C., & Ta, S. (2005). Role of calcium in post-harvest life of temperate fruits: A review. Journal 
of Food Science and Technology – Mysore., 42:1–8. 

40. Kumar, S., Kumar, S. and Verma, D.K. (2004). Effect of micro-nutrients and NAA on yield and quality of litchi cv. 
Dehradun; Abstr; (in) Proceedings of International Seminar on Recent Trend in Hi-tech Horticulture and Post 
Harvest Technology, pp 193, held during February 4–6 at CSAUA & T, Kanpur. 

41.  Dierend, W., Rieken, S. (2007). Postharvest treatment of apples with Ca chloride. Erwerbs- Obstbau., 49: 51-56. 
42.  Kadir, S.A. (2005). Influence of preharvest Ca application on storage quality of "Jonathan" apples  in Kansas. 

Trans. Aca. Sci., 108: 129-138. 
43. Saleh, M.M.S., El-Ashry, S. and Gomaa, A.M. (2006). Performance of Thompson Seedless Grapevine as Influenced 

by Organic Fertilizer, Humic Acid and Biofertilizers under Sandy Soil Conditions. Research Journal of Agriculture 
and Biological Sciences., 2(6): 467-471. 

44. Fathy, M.A., Gabr M.A. and El Shall, S.A. (2010). Effect of humic acid treatments on 'Canino' apricot growth, yield 
and fruit quality. New York Sci. J., 3:109-115. 

 
 
How to cite this article 
Mohsen Kazemi. Vegetative and Reproductive Growth of Tomato Plants Affected by Calcium and Humic Acid. Bull. 
Env. Pharmacol. Life Sci., Vol 2 (11) October 2013: 24-29 

 
 

Mohsen Kazemi 
 


