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ABSTRACT: The present study was based on the general hypothesis that boron may affect the 
accumulation and utilization of other micronutrients in plants. A field experiment was conducted to find the 
effect of boron on yield, quality and micronutrients content of flue cured virginia tobacco (Nicotiana 
tabacum L.) at Tobacco Research Station Khan Garhi, Mardan-Pakistan, during 2010-11. Two varieties 
TM-2008 and Speight G-28 were tested and six levels of boron (0, 0.5, 1, 2.0, 3.0 and 5.0 kg ha-1) in the 
form of boric acid, in RCB design in split plot arrangement and replicated thrice. A basal dose of 70 kg ha-

1 each N, P2O5 and K2O were applied. Recommended levels of micronutrients (Zn, Cu, Fe and Mn) were 
applied in sulphate form. Results indicated that the yield of tobacco crop significantly increased at 1 kg B 
ha-1 and then decreased linearly in both varieties. In variety Speight G-28 a maximum leaf area, green leaf 
weight, cured leaf weight and grade index were recorded as 800.9 cm2,  15691 kg ha-1, 2488 kg ha-1 and 
85%, respectively, while in TM-2008 the yield attributes were 786.02 cm2, 15028 kg ha-1, 2383 kg ha-1and 
83%, respectively. Maximum sugar and nicotine contents were recorded in Speight G-28 was 17.27 and 
1.22 %, respectively, while in case of TM-2008 these were 14.69 and 1.20 %, respectively, at 1 kg B ha-1 
application. The sugar/nicotine ratio increased at lower concentrations of leaf boron but at higher 
concentrations it tends to decrease in both varieties. Similarly, with the application of boron the chloride 
content was decreased while that of potassium was increased. Boron application increased the 
concentrations of boron and zinc, decreased copper and manganese while no effect on iron. Overall 
results revealed that the application of boron should be encouraged to get a higher yield, good quality 
tobacco and balancing nutrient concentrations. The rate of 1 kg B ha-1 was found better and can be 
recommended for tobacco crop under the prevailing conditions. 
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INTRODUCTION 
 

 Tobacco (Nicotiana tabacum L.) belongs to the family  Solanaceae, which is widely grown throughout the world 
for the manufacturing of cigarettes, cigars and bids also utilized for snuff, hokka and chewing purposes (Poustini and 
Shamel, 2000). Tobacco earns higher net return for the growers as compared to other cash crops. Tobacco is one 
of the major sources of agricultural income for the growers especially in Swabi, Mardan, Mansehra, Swat, Charsadda 

http://en.wikipedia.org/wiki/Solanaceae
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and Buner areas of Khyber Pukhtoonkhwa-Pakistan. Area under tobacco cultivation was 51.3 and 32.5 thousand ha, 
while yield was 2004 and 2406 kg ha-1 in Pakistan and Khyber Pukhtoonkhwa, respectively (MINFAL, 2010-11). The 
present statistics indicates that the agro-climatic condition of Khyber Pukhtoonkhwa is highly suitable for tobacco 
cultivation.  
 The chemical composition of tobacco leaf plays an important role in the evaluation of tobacco quality such as 
nicotine, sugar, potassium, and chloride contents. The absolute and relative amount of these constituents not only 
depends upon on crop varieties, maturity, soil and climatic conditions and curing process, but also depends on the 
responsive mineral nutrition of tobacco, such as boron (Tariq ., 2010). Boron is one of the deficient micronutrient 
after zinc in Pakistan (Rashid, 1996) and perhaps this micronutrient not only affect the yield but it also affect the 
marketing value of tobacco leaf. Boron deficiency as well as toxicity causes many physiological and biochemical 
changes within plants, most of which represent indirect effects. Perhaps the most important manifestation of boron 
deficiency is the reduction in yield and quality of crops, because boron cannot readily be redistributed within the plant 
in most species, even a brief disruption of soil nutrient supply results in growth depression and yield loss. The extent 
of yield loss dependents upon the duration of deficiency and the stage of plant growth at which it occurs (Dell and 
Huang, 1997). (Mahler, 2010) described the role of boron in conveying the sugar across membrane, cell 
differentiation and its development as well as in auxin metabolism. Boron is an essential nutrient for vascular plants, 
but high concentration is toxic and limits crop productivity. When plants are exposed to boron toxicity, it will cause 
reduction of leaf area, formation of chlorotic and necrotic patches in older leaves, delay of development and inhibition 
of plant growth (Nable ., 1997). It has long been known that an optimum boron level for one species could be either 
toxic or insufficient for other species (Blevins and Lukaszewski, 1998). Researchers have identified a range of 
genotypic variation in response to boron toxicity with mechanisms including boron exclusion (Hayes and Reid, 2004) 
and an inherent ability to tolerate high boron levels in plant tissues (Torun ., 2006). Boron deficiency is a wide spread 
agricultural problem in the world, which results in yield and quality loss of many crop species including tobacco 
(Shorrocks, 1997), and its deficiency and toxicity also affect the utilization of other micronutrients such as Zn, Cu, 
Fe, Mn and Mo (Tariq and Mott, 2006). 
 Several studies reported that the supply of boron may affect the behavior of other micronutrients in plants, but 
the specific function of boron on the behavior of other micronutrients is not well defined. It is well understood that the 
boron chemistry in soil and its role in plant differs from other micronutrients, such as Zn, Cu, Fe, Mn and Mo, but its 
deficiency or excess may affect the solubility of these micronutrients in soil (Santra ., 1989) and uptake by plants 
(Alvarez-Tinaut ., 1980; Gomez Rodriguez ., 1981; Dave and Kannan, 1981; Tariq and Mott, 2006). However, 
information regarding the effect of boron on the uptake and transport of micronutrients (Zn, Cu, Fe, Mn and Mo) is 
insufficient. The changes in mineral nutrients composition induced by boron were observed by various researchers 
in different crops such as sunflower (Gomez Rodriguez ., 1981), maize (Mozafar, 1989), wheat (Tariq ., 2005) and 
radish (Tariq and Mott, 2006) and this could be demonstrated in tobacco growing different cultivars. For this purpose 
an experiment was carried out test, that boron may affect the accumulation and utilization of other micronutrients in 
plants. Keeping in view the importance of boron on the yield and quality of different varieties of tobacco, the effect of 
boron on the total uptake of micronutrients (Zn, Cu, Fe and Mn) was investigated. 
 

MATERIALS AND METHODS 
 

Experimental Design and Treatments 
 Field experiment was conducted to study the influence of boron on the yield, quality and micronutrients content 
of Flue-cured Virginia tobacco (Nicotiana tabacum L.) at Tobacco Research Station Khan Garhi Mardan, during 2010-
11. RCB design with split plot arrangement was used. The main plots consisted of two varieties (cv. TM-2008 and 
Speight-G 28) and sub plots consisted of six levels of boron with 3 replications. The tobacco seeds were sown and 
transplanted to the experimental plots in the 1st week of December and 2nd week of March, respectively. The plot size 
was 6x2.7m2, row-to-row distance of 90 cm and plant-to-plant distance of 60 cm was maintained. Boron was applied 
at the rate of 0, 0.5, 1, 2.0, 3.0 and 5.0 kg ha-1 in the form of boric acid. A basal dose of 70 kg ha-1 each N, P2O5 and 
K2O were applied in the form of compound fertilizer with 15:15:15. Micronutrients such as Zn, Cu, Fe and Mn were 
applied in sulphate formulation at the time of transplantation at the rate of 5.0, 1.5, 2.0 and 6.0 kg ha-1, respectively. 
The tobacco plants were topped at 22 leaves. A composite soil sample (0-20 cm) was collected and analyzed for 
physico-chemical characteristics of soil by standard analytical methods. Representative leaves from each plot were 
collected after curing for the required qualitative and quantitative analysis. All the recommended agronomic practices 
were carried out throughout the growing season. In order to evaluate the B influence on the yield, quality and 
micronutrients content of tobacco varieties the following parameters were recorded.  
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Plant and Soil Analysis 
 Agronomic parameters (leaf area, green leaf weight, cured leaf weight, grade index), Quality parameters 
(nicotine content, sugar content, potassium content, chloride content) and Quantitative parameters (boron, zinc, 
copper, iron, manganese content in leaf). Standard methods for leaf area (Elings, 2000), green leaf weight (kg ha-1), 
cured leaf weight (kg ha-1), grade index (%), nicotine/chloride content (AOAC., 2000), and sugar content 
(Stellenbosch, 2002) were used. Plant samples were analyzed for B content using Azomethine-H method (Bingham, 
1982), while K by flame photo meter and micronutrients (Zn, Cu, Fe, and Mn) by Atomic Absorption 
Spectrophotometer. For soil analysis such as soil texture (Gee and Budr, 1982), soil pH (McLean, 1982), electrical 
conductivity (Rhoades and Robenison, 1986), lime (Cottenie ., 1980) and organic matter (Nelson and Sommers, 
1996) standard methods were also used.The collected data during field and laboratory investigations were 
statistically analyzed using ANOVA technique and the means were compared by LSD-test of significance (Steel ., 
1997) 
 

RESULTS AND DISCUSSION 
 

 The results of boron effect on the yield, quality and micronutrients content of tobacco are presented in Table 2-
4. 
 
Physico-Chemical Characteristics of the Experimental Soil 
 The physico-chemical characteristics of soil are presented in Table 1. The results showed that the soil was silt 
loam, almost neutral in reaction, non-saline, slightly calcareous, low in organic matter, deficient in AB-DTPA 
extractable potassium, zinc and iron (Bhatti, 1997; Soltanpour, 1985) and adequate in soluble chloride, copper, 
manganese and dilute HCl extractable boron (Soltanpour, 1985). 
 

Table 1. Physico-chemical properties of the test soil 
 

Parameter Units Values 

Sand % 21.13 
Silt % 66.45 
Clay % 12.42 
Textural class --- Silt loam 
Lime % 11.5 
Organic Matter % 0.40 
pH (1:5) --- 7.20 
EC (1:5) dS m-1 0.14 
AB-DTPA Extractable K mg kg-1 74 
Soluble Cl mg kg-1 28 
AB-DTPA Extractable Cu mg kg-1 1.74 
AB-DTPA Extractable Zn mg kg-1 0.51 
AB-DTPA Extractable Fe mg kg-1 0.97 
AB-DTPA Extractable Mn mg kg-1 11.17 
Dilute HCl Extractable B mg kg-1 0.65 

 
Yield and Yield Attributes 
Leaf Area:  
 The application of various levels of boron had significant effect on the leaf area (Table-2). The leaf area ranged 
between 716-786 cm2 and 726-800 cm2 in TM- 2008, Speight G-28, respectively. Maximum leaf area (800 and 786 
cm2) was observed in plots, where boron was applied at the rate of 1 kg ha -1. Lowest leaf area (726 and 716 cm2) 
was recorded in the treatment plots where boron was applied at 0 and 5 kg ha-1 respectively. These results are in 
lined with (Li ., 2005; Panhwar ., 2011; Khan ., 2008) who suggested that normal application of boron increases the 
leaf area and ultimately the yield of tobacco. Results showed significant differences among the varieties for leaf area. 
The leaf area of Speight G-28 was higher than TM- 2008 among all the levels of boron and the interaction effect was 
also statistically significant which shows a great response to varying boron levels in different varieties, but it could be 
speculated that the higher leaf area of variety Speight G-28 as compared to TM- 2008 was due to genotypic 
differences and partly due to the effect of applied boron. However, the increase in leaf area with normal dosage of 
boron may be due to the fact that boron has synergistic effect on the uptake of N and P which increase the leaf area 
(López-Lefebre ., 2002; Panhwar ., 2011). 
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Green Leaf Weight:  
 Results showed that green leaf yield was significantly increased with the application of boron (Table 2). Maximum 
green leaf yield (15028 and 15691 kg ha-1) of both varieties was recorded in plots treated with 1 kg ha-1 boron, while 
the lowest (14120 and 13527 kg ha-1) was recorded in the plots, where no boron was applied. These results are 
logical, that boron is an essential element for the development and growth of plants. Besides tobacco, boron also 
increases the yield of lemon (Rajaie ., 2009), Soybean (Vaseghi ., 2013), tobacco  and tomato (Basavarajeshwari, 
2008). Overall green leaf yield of Speight G-28 was better than that of TM- 200. Similar results were reported by 
(Khan ., 2008). This study suggests as the leaf area of the plants increased ultimately green leaf weight also increases 
with the optimum level (1 kg B ha-1) applied boron in both varieties. Likewise leaf area, the green leaf weight were 
also decreased by higher rate of applied boron (Li ., 2005; Panhwar ., 2011; Tariq ., 2010).  
 
Cured Leaf Weight:  
 The cured leaf weight increased significantly by applied boron (Table 2). Results revealed highest cured leaf 
weight of 2383 and 2488 kg ha-1 in both varieties, when boron was applied at the rate of 1 kg ha-1, while the lowest 
yield of 2162 and 2238 kg ha-1 were recorded control plots. Among the varieties, Speight G-28 gave higher cured 
leaf weight than TM- 2008, but the overall response of both varieties was found same to applied boron. These findings 
are in line with the results reported by (Khan ., 2008) and (Tariq ., 2010), who stated that applied boron increase the 
cured leaf weight of tobacco crop. 
  

Table 2. Effect of applied boron on yield and yield attributes of tobacco varieties 
 

Treatments 
Leaf Area (cm2) Green Leaf Weight (kg ha-1) Cured Leaf weight (kg ha-1) Grade Index (%) 

Varieties B applied (kg ha-1) 

TM-2008 

0 723.26 14120 2162 71 
0.5 742.33 14213 2163 76 
1 786.02 15028 2383 83 
2 750.05 14488 2250 70 
3 727.20 14398 2249 64 
5 716.72 14280 2210 61 

 

Speight G-28 

0 726.74 13527 2238 75 
0.5 775.30 14953 2329 80 
1 800.90 15691 2488 85 
2 795.68 15084 2421 74 
3 788.89 14538 2360 67 
5 783.48 14393 2249 64 

 

LSD (P<0.05) 
B 14.29 79.21 79.60 4.85 
V x B 20.21 112.00 NS NS 

 
 Grade Index:  
 The results showed that the effects of different levels of boron have positive effect on the leaf grade index of 
tobacco (Table 2). A highest grade index of 85% (Speight G-28) followed by 83% (TM- 2008) was produced by boron 
at the rate of 1 kg ha-1 while minimum was produced by highest level of applied boron which shows some adverse 
effect on the grade index of both varieties of tobacco leaf. Similar results were produced by (Li ., 2005 and Hui ., 
2005) who stated that applied boron fertilizer improved the leaf grade of tobacco.  
 
Quality Parameters 
Sugar Content:  
 The effect of applied boron on sugar content indicated significant difference in various treatment plots (Table 3). 
Sugar exercised the most favorable influence on the tobacco tastes during smoking and are the most qualitative 
indices characteristic with flue cured virginia tobacco. Highest sugar content of 17.27 and 14.69% in Speight G-28 
and TM- 2008, respectively were determined in the leaves collected from the plots where 1 kg B ha-1 was applied. 
These results showed that boron play a key role in the synthesis of sugar content (Katyal and Randhawa, 1983; 
Khan ., 2008). Moreover, statistics showed non-significant interactive effects for sugar content indicating that the 
variation in sugar content was mainly due to boron application (Tariq ., 2010).  
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Table 3. Effect of applied boron on the quality of different tobacco varieties 
 

Treatments 
Sugar  % Nicotine % Chloride % Potassium (K) % 

Varieties B  applied (kg ha-1) 

TM-2008 

0 9.94 1.09 0.72 1.01 
0.5 13.40 1.14 0.71 1.01 
1 14.69 1.20 0.37 1.05 
2 13.58 1.16 0.40 1.05 
3 12.76 1.14 0.38 1.38 
5 12.05 1.09 0.41 1.12 

 

Speight G-28 

0 11.83 1.03 0.72 0.83 
0.5 12.37 1.13 0.69 0.94 
1 17.27 1.22 0.36 1.11 
2 15.70 1.18 0.35 1.07 
3 15.23 1.14 0.43 1.11 
5 14.54 1.12 0.36 1.12 

 

LSD (P<0.05) 
B 2.16 0.07 0.08 NS 
V x B NS NS NS NS 

 
Nicotine Content:  
 Nicotine is the most important quality component and was found to increase with increasing levels of boron 
application (Table 3). Results of both varieties revealed lowest nicotine contents (1.03 and 1.09%) in control plots,  

while the highest nicotine content of 1.22 and 1.20% in Speight G-28 and TM- 2008 varieties respectively, were 
recorded in plots treated with 1 kg B ha-1. Nicotine content of tobacco generally varies from area to area, varieties, 
climatic conditions and physico-chemical properties of the soils. In the present study at higher levels of boron the 
decrease may be due to the toxic effect of boron on plant, which damages leaf tissues, however normal rate of boron 
such as 1 kg B ha-1 proved better than other applied boron levels. These findings were found in consensus with the 
work of (Tariq ., 2010; Hui ., 2005; Li ., 2005; Khan ., 2008). 
 
Sugar /Nicotine Ratio:  
 The graphical data (Fig. 1) revealed that sugar/nicotine ratio is increased at lower concentration of boron in 
tobacco but at higher concentration the sugar/nicotine ratios tended to decrease.  The increase in sugar/nicotine ratio 
tends to the softness of the smoking tobacco, while decrease tends to harshness. The harshness or softness of 
smoking tobacco may vary from person to person. The trends is the same in both varieties as clear from Figure 1 
showing that boron has a role in changing sugar/nicotine ratio. These results are in contrast to (Li ., 2005).  
 

 
 

Figure 1. Relationship between sugar/nicotine ratio and boron concentration in tobacco 
 

Chloride Content:  
 The results showed significant differences among the treatment plots indicating that chloride was changed 
significantly with boron application (Table 3). The mean value of chloride content ranged from 0.38 to 0.72% in TM- 
2008 and 0.35 to 0.72% in Speight G-28. A maximum chloride content of 0.72% in both varieties was found, where 
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boron was not applied (control), while the minimum chloride content (0.38, 0.36%) was recorded in higher levels of 
boron applied. The data showed a linear decreasing trend for chloride content in the leaves for both varieties. 
Although the data is not significantly different from each other but showed some reducing effect on chloride content 
in leaves due to excessive levels of applied boron. The present results suggests that increasing boron concentration 
in tobacco leaves decreases the chloride concentration, which is a good indicator of tobacco quality, because the 
higher chloride content in tobacco leaves decreases its burning quality. These results are in contrast with the findings 
of  (López-Lefebre ., 2002) who reported no change due to the application of boron, but these results are nearly 
similar to the findings of the (Tariq ., 2010) who stated a slight decrease occurred in chloride content of the tobacco 
leaves due to different methods of applied boron. (Chari, 1995) suggested that the threshold level for chloride content 
in the tobacco leaf is less than 1.5%. Moreover, (Akehurst, 1981) reported that if the chloride content is more than 
2.5%, the resulting tobacco in nearly noncombustible. In the present study the chloride contents in both varieties are 
less than the reported threshold values. 
 
Potassium Content:  
 The results regarding the potassium content showed non significant differences among the tobacco treated plots 
and varietal response (Table 3). The data ranged from 1.01-1.38 in TM-2008 and 0.83-1.12 in Speight G-28. 
Maximum K concentration was observed in the treatment plots where high boron levels was applied and minimum 
concentration was observed in control plots in both varieties. However, results shows increasing trends with increase 
in applied boron which indicated that boron has a positive effect on K concentration in tobacco leaf. This positive 
effect of boron on K in tobacco is a good indicator for a good quality tobacco because K enhances the smoking 
quality of tobacco by increasing the burning quality. These results are supported by the early work of (López-Lefebre 
., 2002; Tariq ., 2010) who stated that applied boron increases the potassium content in tobacco leaves. 
 
Micronutrients Concentration in Tobacco Leaf 
 Tobacco leaves for boron, zinc, copper, iron and manganese were analyzed in order to find the effect of boron 
on the behavior of micronutrients in both varieties (Table 4). 
 
Boron:  
 The concentration of boron significantly increased with increasing levels of boron application in a linear fashion 
in both varieties (Table 4). Maximum concentration of 94.46 and 90.81 mg kg-1 was observed in the plots, which 
received highest level of boron (5 kg ha-1) in variety TM- 2008 and Speight G-28, respectively while minimum content 
of boron was observed in control i.e., 40.94 mg kg-1 for  Speight G-28 and 43.83 mg kg-1 for  TM- 2008, respectively. 
These results are in lined with the findings of (Overstreet ., 2008; Vaseghi ., 2013; Panhwar ., 2011; Rodrigues and 
Arrobas, 2008; López-Lefebre ., 2002). Results further indicated that varietal differences in terms of boron 
accumulation were statistically non-significant. No boron deficiency or toxicity symptoms were observed. Both 
varieties showed normal boron content levels as per the limits of Shorrocks, 1984. Results also suggested, though 
the effect of applied boron levels on the concentration of this element was apparent and statistically different from 
one another. But on the other hand, varietal response due to applied boron was not very distinct, indicating that the 
mode of each variety for boron accumulation was not at par. Speight G-28 accumulated slightly more boron than TM- 
2008 under the same experimental conditions. 
 
Zinc:  
 Zinc concentration varied significantly with varying levels of applied boron (Table 4). Results shows as the levels 
of boron application increases the concentration of zinc also increases but drastically decreases with a highest level 
of boron in both varieties. Lowest zinc concentration of 18.13 mg kg-1 in Speight G-28 followed by 18.40 mg kg-1 in 
TM-2008 were found in control plots for both varieties, while highest concentration of zinc was observed at 3.0 kg B 
ha-1. Both the varieties showed similar results for applied boron and the interaction effect was also statistically 
significant. Variety Speight G-28 responded more in terms of zinc concentration to applied boron as compared to 
TM-2008. Such results are observed by many authors in crops such as tobacco (López-Lefebre ., 2002; Panhwar ., 
2011), radish (Tariq and Mott, 2006) and wheat (Singh ., 1990). They observed synergistic effects at normal rates, 
but at higher levels, it diminishes the concentration of zinc. These results also showed a synergistic effect between 
boron and zinc at normal levels. But at higher level antagonistic effect of boron on zinc was observed (Singh ., 1990; 
Panhwar ., 2011).  
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Copper:  
 Significant variation was observed for copper content in tobacco leaves. In contrast to the results of zinc, copper 
concentration initially increased at lowest level of (0.5 kg B ha-1) and then a gradual decrease was observed at higher 
levels of boron in both cultivars. A highest concentration of 30.07 mg kg-1 was noted in Speight G-28 variety followed 
by 25.80 mg kg-1 for TM-2008 at boron level of 0.5 kg ha-1, while lowest concentration of 9.20 mg kg-1 in TM-2008 
(5.0 kg B ha-1) followed by 11.0 mg kg-1 in Speight G-28 (3.0 kg B ha-1). Results showed that both varieties responded 
the same for change in the copper concentration, which indicated that at higher levels the copper concentration 
diminished by excess boron (López-Lefebre ., 2002; Tariq and Mott, 2006; Singh ., 1990). These authors reported 
negative impact of boron on copper concentration in plants.  
 

Table 4. Effect of applied boron on micronutrients concentration of tobacco 
 

Treatments Concentration (mg kg-1) 

Varieties 
B applied 
 (kg ha-1) 

B Zn Cu Fe Mn 

TM-2008 

0 43.83 18.40 15.80 44.47 195.47 
0.5 46.44 23.93 25.80 46.33 254.54 
1 57.82 24.27 15.93 50.67 158.00 
2 65.57 29.73 15.33 46.07 141.13 
3 73.40 31.33 12.90 44.40 135.37 
5 90.81 21.27 9.20 41.07 90.37 

 

Speight G-28 

0 40.94 18.13 18.17 40.67 114.93 
0.5 42.21 23.53 30.07 42.13 233.28 
1 59.44 24.30 16.17 48.70 187.13 
2 70.21 35.50 14.47 45.87 161.37 
3 73.13 45.00 11.00 41.43 160.73 
5 94.46 19.67 11.60 41.13 115.70 

 

LSD (P<0.05) 
B 5.23 5.01 3.75 NS 35.0 
V x B NS 7.08 5.30 NS 49.5 

 
Iron:  
 The iron concentration was non-significantly affected by boron application in different tobacco varieties. 
However, it showed slight differences between treatment plots (Table 4). Maximum iron concentration of 50.67 mg 
kg-1 followed by 48.70 mg kg-1 for tobacco varieties of TM-2008 and Speight G-28, respectively were recorded with 
boron applied at 1.0 kg ha-1, while minimum iron concentration of 40.67 mg kg-1 in control plot followed by 41.07 and 
41.13 mg kg-1 for the plots received 5.0 kg B ha-1. These results suggested that boron has no impact on the iron 
concentration in the leaves but to a lesser extent. Similar observations were reported by (López-Lefebre ., 2002). 
(Hellal ., 2009) and (Aref, 2011) reported almost parallel results, who stated that initially, iron concentration increase 
but at higher levels of applied boron the concentration decrease non-significantly.  
 
Manganese:  
 Data showed significant variation in the treatments plots for manganese concentration in tobacco leaves (Table 
4). Initially highest concentrations (254.54 and 233.28 mg kg-1) were observed when boron was applied at the rate 
of 0.5 kg ha-1 in both varieties, then it gradually decreased with increasing levels of applied boron and lowest 
concentrations (90.37 and 115.70 mg kg-1 for TM-2008 and Speight G-28, respectively) were observed in the plots 
received 5.0 kg B ha-1. These results indicated that as the boron levels increases the manganese concentration in 
the tobacco leaves decreases significantly. So it shows an antagonistic effect of boron on manganese concentration 
of tobacco leaf. Results clearly shows that at lower boron levels the manganese is high, while at higher levels of 
applied boron, decrease the concentration of manganese in the leaf. These results were in line with the previous 
findings of (Singh ., 1990; López-Lefebre ., 2002; Tariq ., 2008), who reported antagonistic effect of applied boron 
on manganese concentration in the plants. 
 

CONCLUSIONS 
 

 Yield and yield attributes of both tobacco varieties such as leaf area, green leaf yield, cured leaf yield and grade 
index were significantly increased with the application of 1 kg B ha-1 as compared to control or higher doses of boron. 
Although both the varieties were same in response to applied boron, but Speight G-28 showed some superiority on 
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the TM-2008 in almost all the parameters studied. Sugar and nicotine contents were significantly and potassium 
content was non-significantly increased. The concentration of boron significantly increased with increasing the boron 
application. Both varieties showed normal boron concentration in the leaf as the range reported in the literature for 
better tobacco crop. Micronutrients concentration showed that application of boron increased the leaf boron and zinc 
concentrations, decreased leaf copper and manganese concentrations, while no change observed in iron 
concentration in both varieties of tobacco. The overall results concluded that the application of boron to tobacco crop 
should be encouraged among the growers to get a higher yield, good quality tobacco and balancing nutrient 
concentrations. 
 
Abbreviations used in the manuscript: 
Zn: Zinc 
Cu: Copper 
Fe: Iron  
Mn: Manganese 
B: Boron 
K: Potassium 
EC: Electrical Conductivity 
AB-DTPA Extractable: Ammonium Bicarbonate Diethylene Triamine Penta Acetic Acid 
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