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Introduction 
Tobacco (Nicotianatabaccum L.) belongs to the family 

Solanaceae is an annual, short day, and self-pollinated crop. It 
is one of the major sources of income in government revenues 
due to world wide acceptance by growers and users. Tobacco 
is grown as cash crop worldwide due to high economic return. 
In Pakistan, during 2010-11, tobacco was planted on 51,300 
hectares with a total production of 102,800 tones. In Khyber 
Pakhtunkhwa where the agro climatic conditions are highly 
suitable for its cultivation, tobacco is planted on 32,500 
hectares. The tobacco industry generated 58.3 billion rupees 
as indirect taxes. Khyber Pakhtunkhwa is the major tobacco 
producing province of Pakistan [1]. As far as the yield in Pakistan 
is concerned, it is higher than mostly tobacco growing countries 
of the world like China, India, Brazil, America and Greece. But 
when it comes to quality, our tobacco is inferior and do not fetch 
good price in international market [2]. Next to sugarcane and 
sugar beet, tobacco is the major source of income to farmers in 
the Peshawar valley. Peshawar, Mardan, Hazara and some parts 
of Malakand Agency are among the largest tobacco producing 
areas. Tobacco is cultivated on small area (0.27%) of the total 
irrigated land in Pakistan [3]. 

Numerous types of tobacco are defined by different criteria 
such as region of production, intended use in cigar (i.e., filler, 
binder and wrapper) and cigarette manufacturing, method 
of curing (flue-, air-, sun- and fire-cured tobacco) as well as 
morphological and biochemical characteristics (i.e., aromatic 
fire-cured, bright leaf tobacco, Burley tobacco, Turkish or oriental 
tobacco) [4]. Various biochemical traits like nicotine content and 
reducing sugars affect the quality of tobacco. Genetic variability 
among burley tobacco genotypes for yield and quality traits 
has previously been reported many researchers [5]. Tobacco is 
grown for its leaves i.e., vegetative portion. Greater leaf yields 
depend on number of harvestable leaves, leaf length, breadth 
and weight. Leaf quality is also measured by grade index and 
quantities of nicotine and reducing sugar contents. Phenotypic 
expressions of quantitative traits are genotype and environment 
specific. 

Evolution of high yielding tobacco varieties and improvement 
in leaf quality will fetch high profit to the growers and will 
enhance exports of tobacco and its products. To improve the 
yield of tobacco, it is imperative to know the important plant 
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characteristics such as plant height, total number of leaves 
plant-1, cured leaf yield and total yield of different genotypes. 
Keeping in view the need and importance of high performance 
varieties, the present study was conducted to evaluate the 
tobacco variety having the potential to produce higher yielding 
and best quality in agro-climatic condition of Mardan with the 
following objectives. 

a) To evaluate the overall performance of FCV exotic 
tobacco hybrids.

b) To identify the most prominent yield hybrid of FCV 
exotic tobacco.

c) To identify variety/hybrid that has the best nicotine 
and reducing sugar level.

Materials and Methods
Genotypic evaluation of twelve flue-cured Virginia tobacco 

hybrids including one check cultivar (SPT-G-28) was carried out 
at Tobacco Research Station, Khan Ghari, Mardan during the year 
2014-15 (Table 1). First nursery was raised and for this purpose 
sowing was done in December, 2014. Transplantation was 
carried out in 3rd week of April, 2015. The experiment was laid 
out in Randomized Complete Block Design (RCBD) with three 
replications. All twelve hybrids were planted in 5 rows plot-

1and with ten plants row-1. Row-to-row distance of 90 cm and 
plant to plant distance 60 cm was used. Nitrogenous, phosphatic 
and potash fertilizers (NPK) was applied in the ridges before 
transplantation at the rate of 15: 15: 15 ha-1. All the agronomic 
practices was kept uniform for all hybrids included in the said 
study.

Table 1: Name of hybrids selected for the field trial.

Serial No. Hybrids

1. SPT-G-28 (check)

2. TM-2008

3. K-394

4. K-346

5. SPT-G-126

6. K-399

7. PVH-2310

8. PVH-2261

9. PVH-2233

10. PVH-2248

11. PVH-2275

12. NC-71

a) Plant height (cm): Data on plant height (cm) was 
recorded with the help of meter rod by selecting ten plants 
randomly from each plot plant height was measured form 
soil surface to the tip of the buds and then average was 
worked out.

b) Number of leaves plant-1: Data on number of leaves 
plant-1 was recorded by selecting ten plants randomly in 

each plot and counting the leaves of plants from the bottom 
to the tip of the main stock. Calculation was made for an 
average value.

c) Leaf area (cm2): Leaf area per plant was calculated by 
measuring the length and width of the 5th, 10th and 15th leaves 
of ten representative plants from the plot of each treatment. 
The mean single leaf area per plant was calculated by 
computing the following formula.

Leaf area = Leaf length x Leaf width x 0.644

d) Number of green leaves kg-1: For leaf number kg-1, 
one kilogram of leaves of each entry was weighed and then 
number of leaves was counted.

e) Green leaves weight kg plot-1: The green leaves were 
picked in each plot and then was weighted in order to 
calculate the green weight of leaves kg -1. 

f) Number of cured leaves kg -1: Cured leaves of each plot 
was collected and counted. One kilogram of leaves of each 
treatment was weighed and then number of cured leaves 
was counted.

g) Cured leaves weight kg plot-1: The cured leaves were 
weighted in order to calculate the cured weight of leaves kg 
-1. 

h) Leaf yield (kg ha-1): The leaf yield kg ha-1 was calculated 
by the following formula.

( ) ( )1 2
1

     10000 
    

                
Cured leaf weight plot x m

Cured leaf weight kg ha
Area harvested

−
− =

i) Nicotine %: Nicotine content was calculated by the 
following formula as used by [6]

    32.45 % 
  

Reading x Normality xNicotine
Weight of sample

=

j) Leaf reducing sugar (%): Reducing sugars % was 
estimated as follow.

25  100  0.05 ____%  
     . 

x xReducing sugars
Titrate x wt sample

=

Statistical Analysis
The data was statistically analyzed according to Steel, 1996. 

For randomized complete block design and means among 
different treatment was composed using least significant 
differences (LSD) test (P ≤ 0.05).

Results and Discussion
Plant height (cm)

Plant height is directly related to the number of leaves that 
are emerged on a tobacco plant, hence the character may  be  used  
as  an  indicator  for  the  potential  number  of  leaves. Analysis of 
variance revealed highly significant differences (P<0.01) among 
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the genotypes for plant height (Table 1). Plant height averaged 
was ranged from 118.6 to 141.4 cm. The highest plant height 
(141.4 cm) was recorded for PVH-2248 while shortest plants 
(118.1cm) were observed for genotype K-399, K-346, SPT-G-126 
at Mardan. While check variety SPT-G-28 recorded plant height 
of 121.7 cm. Results further reveled hybrids TM-2008, K-394, 
PVH-2261, PVH-2233 and NC-71 were statistically at par. The 
variation in plant height could be due to the response of these 
hybrids to environmental conditions or genetic make-up of these 
FCV tobacco hybrids. These findings are in accordance with 
those of [7,8] observed significant differences among tobacco 
genotypes for plant height.

Number of leaves plant-1

 Number of leaves plant-1 is one of the major yield 
components of a tobacco genotype [9]. Usually high prices are 
offered for long and broad leaves. Plant having more number 
of leaves directly means that it will have more yields provided 
the leaves are not too small. Highly significant differences (p< 
0.01) among the tobacco genotypes were observed for number 
of leaves plant-1 (Table 2). Number of leaves plant-1 among 
FCV hybrids varied between 23 and 27.3. PVH-2310 recorded 
highest number (27.3) of leaves plant-1 followed by PVH-2275 
with 26.3 leaves plant-1. While check variety SPT-G-28 recorded 
mean (24.6) leaves plant-1. Results further indicate hybrids (K-
399, TM-2008 and NC-71) were statistically identical. Lowest 
number of leaves plant-1(23) was observed for SPT-G-126 among 
tested the hybrids. These results are in agreement with those 
of [10,11]. These researchers also reported significant genetic 
variation among tobacco genotypes for number of leaves.

Table 2: Plant height (cm) of FCV hybrid grown under agro climatic 
condition of Mardan.

Varieties Plant height (cm) Percent increase 
over check variety

K-399 118.6  g 2.51

TM-2008 124.4  ef -2.22

K-394 126.3  de -3.75

K-346 118.6  g -0.41

SPT-G-126 118.6  g 2.51

SPT-G-28 (check) 121.7  f -----

PVH-2310 131.7  b -8.21

PVH-2261 128.2  cd -5.37

PVH-2233 130.6  bc -7.31

PVH-2248 141.4  a -16.16

PVH-2275 131.7  b -8.19

NC-71 126.0 de -3.53

LSD(0.05) 2.7346

Leaf area plant-1 (cm2)
Leaf area is one of the major yield components of a tobacco 

genotype [12]. Data concerning leaf area plant-1 showed in (Table 
3). Analysis of the data showed significant differences among 
the tested hybrids. Mean value of data displayed that leaf area 

plant-1 ranged from 678.5 to 1003.4 cm2 among the FCV tobacco 
hybrids. Maximum leaf area (1003.4 cm2) plnat-1 was obtained 
for PVH-2310 followed by PVH-2348 with a leaf area of (955.7 
cm2). PVH-2310 produced 47.6 percent more leaf area plant-1 
compared to check variety SPT-G-28 with leaf area of 679.6 
cm2. Statistical analysis revealed no similarity among hybrids 
for leaf area plant-1. Minimum leaf area (678.5 cm2) plant-1 was 
observed for K-399. Significant genetic differences among the 
tobacco genotypes for leaf area as observed in the present study 
is compatible with the findings of [13,14].

Table 3: Number of leaves plant-1 of FCV hybrid grown under agro 
climatic condition of Mardan.

Varieties Number of leaves 
plant-1

Percent increase 
over check variety

K-399 25.3  bcd 2.69

TM-2008 25.3  bcd 2.69

K-394 25     cd 1.34

K-346 25     cd 1.34

SPT-G-126 23     e -6.75

SPT-G-28 (check) 24.6  d -----

PVH-2310 27.3  a 10.80

PVH-2261 24.6  d 0

PVH-2233 26.3  abc 6.753

PVH-2248 26.3  abc 6.753

PVH-2275 26.6  ab 8.107

NC-71 25.3  bcd 2.699

LSD(0.05) 1.4137

Table 4: Leaf area (cm2) of FCV hybrid grown under agro climatic 
condition of Mardan.

Varieties Leaf area (cm2) Percent increase 
over check variety

K-399 678.5  k -0.16

TM-2008 837.7  g 23.26

K-394 825.5  h 21.46

K-346 812.5  i 19.55

SPT-G-126 736.6  j -8.38

SPT-G-28 (check) 679.6  k

PVH-2310 1004   a 47.64

PVH-2261 917.4  e 34.99

PVH-2233 941.6  c 38.55

PVH-2248 955.7  b 40.62

PVH-2275 929.2  d 36.72

NC-71 891.6  f 31.19

LSD(0.05) 1.7748

Number of Green leaves kg-1

Green leaves yield is an important characteristic of tobacco 
crop which not only determines the cured leaf yield potential of 
a particular genotype but also affects the cost of curing green 
leaf [15]. Statistical analysis, revealed significant differences 
(P>0.05) among the genotypes for green leaf number kg-1 (Table 
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4). Mean data manifested that the green leaf number kg-1 among 
the hybrids ranged from 21.3 to 50 (Table 2). K-399 had maximum 
number of green leaves (50) in one kg closely followed by TM-
2008 with 49.6 green leaves kg-1. Results showed that all the FCV 
tobacco hybrids were statistically similar in production of green 
leaves kg-1 except K-394 and K-346. Check variety SPT-G-28 
obtained 48.3 leaves kg-1. K-346 recorded less number (21.3) of 
green leaves kg-1. These results are in agreement with [16] who 
found significant differences among genotypes for green leaves 
kg-1, which might be due to the variation in genetic material and 
changes in ecological conditions.

Table 5: Number of Green leaves kg-1 of FCV hybrid grown under agro 
climatic condition of Mardan.

Varieties Number of Green 
leaves kg-1

Percent increase 
over check variety

K-399 50     a 3.52

TM-2008 49.6  a 2.69

K-394 24.3  b -49.62

K-346 21.3  b -55.83

SPT-G-126 53     a 9.73

SPT-G-28 (check) 48.3  a -----

PVH-2310 57.3  a 18.63

PVH-2261 45.6  a -5.45

PVH-2233 48     a -0.62

PVH-2248 52     a 7.66

PVH-2275 45     a -6.83

NC-71 47.3  a -2.07

LSD(0.05) 13.96

Table 6:  Green leaves weight kg-1 of FCV hybrid grown under agro 
climatic condition of Mardan.

Varieties Green leaves weight 
kg             plot -1

Percent increase 
over check variety

K-399 70.6  ab 6.13

TM-2008 69.5  ab 4.38

K-394 36.3  c 45.38

K-346 33.2  c -50.04

SPT-G-126 71.8  ab 7.88

SPT-G-28 (check) 66.5  ab -----

PVH-2310 80.3  a 20.65

PVH-2261 61.9   b -7.01

PVH-2233 73     ab 3.71

PVH-2248 69.0  ab 9.64

PVH-2275 66     ab -0.88

NC-71 69.4  ab 4.26

LSD(0.05) 15.143

Green leaves weight kgplot-1

The results revealed significant differences among FCV 
tobacco hybrids mean for green leaves kg plot-1 (Table 5). Data 
for green leaves weight varied from 33.2 to 80.3 kg plot-1. Higher 
green leaves weight plot-1 was recorded for PVH-2310 followed 

by PVH-2233 with green leaves weight of 73 kg plot-1.Check 
variety SPT-G-28 was statistically similar with hybrids K-399, 
TM-2008, SPT-G-126, PVH-2233, PVH-2245, PVH-2275 and NC-
71.  Lowest green leaves weight 33.2 kg plot-1 was observed for 
K-346 that was closely followed by K-394 with 36.3 kg lowest 
green leaves weight plot-1. These results are contrary to the 
findings of [17] who found non-significant differences among 
genotypes for green leaves kg plot-1, but are in agreement with 
[18] who found significant differences for leaf related characters 
among various genotypes (Table 6).

Number of Crude leaf kg-1

Cured leaf number kg-1 is an important component which 
determines the yield potential of tobacco hybrids. Highly 
significant differences (P<0.01) among the FCV tobacco hybrids 
for cured leaf number kg-1 were observed (Table 7). Range of 
cured leaves kg-1 among the hybrids was from 115 to 140. K-399 
produced significantly maximum cured leaf yield followed by 
SPT-G-126 with 126 cured leaves kg-1. Check variety SPT-G-28 
was statistically similar for cured leaves kg-1 to the hybrids TM-
2008, SPT-G-126, PVH-2261, PVH-2275 and NC-71 that are 
included in the study. The lowest cured leaves 115 kg-1 was noted 
in PVH-2310 closely followed by K-394 with 116 cured leaves 
115 kg-1. The difference in the above mentioned character of 
hybrids under study might be attributed to difference in their 
genetic constitution. These results are in agreement with the 
finding of [19,20] who also reported significant genetic variation 
among tobacco genotypes for this trait.

Table 7: Number of Crude leaf kg-1 of FCV hybrid grown under agro 
climatic condition of Mardan. 

Varieties Number of Crude 
leaf kg-1

Percent increase 
over check variety

K-399 140.6  a 12.84

TM-2008 121.6  ab -2.41

K-394 116      b -6.90

K-346 116 .3  b -6.66

SPT-G-126 126.6  ab 1.61

SPT-G-28 (check) 124.6  ab

PVH-2310 115.3  b -7.46

PVH-2261 121.6  ab -2.41

PVH-2233 119     b -4.49

PVH-2248 117.6  b -5.62

PVH-2275 122     ab -2.09

NC-71 124.6  ab 0.00

LSD(0.05) 20.054

Crude leaves weight kgplot-1

Cured leaves weight is one of the most important plant 
characteristics in tobacco crop as it is directly related to 
farmer’s profit. It is the final product of tobacco crop after 
passing the green leaves through different curing procedures. 
Highly significant differences (p<0.01) among the hybrids 
were observed for cured leaves weight kgplot+ (Table 8). Data 
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for cured leaf weight ranged from 12.4 to 5.3 kg plot+ for 
hybrids. Tobacco hybrid PVH-2310 exhibited superiority for 
this important plant characteristic followed by NC-71 with 11.6 
crude leaves weight kgplot-1. Check variety SPT-G-28 produced 
10.4 kg crude leaves plot-1 and was statistically identical with 
that of K-399, TM-2008, SPT-G-126, PVH-2233, PVH-2248, PVH-
2275 and NC-71.  Lower crude leaves weight (5.3) kgplot-1 was 
recorded in plot of K-346 followed by K-394 with crude leaves 
weight of 5.8 kgplot-1. These results are in agreement with the 
finding of [21,22] also reported significant genetic differences 
among the tobacco genotypes for cured leaves weight kgplot-1.

Table 8: Crude leaf weight kg-1 of FCV hybrid grown under agro 
climatic condition of Mardan.

Varieties Crude leaves weight 
kg plot-1

Percent increase 
over check variety

K-399 11.2  ab 7.35

TM-2008 11.1  ab 7.04

K-394 5.8     c -43.76

K-346 5.3     c -49.20

SPT-G-126 11.0  ab 5.75

SPT-G-28 (check) 10.4  ab ----

PVH-2310 12.4  a 19.33

PVH-2261 9.9    b -4.79

PVH-2233 10.9  ab 4.96

PVH-2248 11.7  ab 12.62

PVH-2275 10.7  ab 2.72

NC-71 11.6  ab 11.98

LSD(0.05) 2.4079

Table 9: Yield kg ha-1 of FCV hybrid grown under agro climatic 
condition of Mardan.

Varieties Yield kg ha-1 Percent increase over 
check variety

K-399 4018.5  ab 7.35

TM-2008 4006.6  ab 7.03

K-394 1901.6  c -49.20

K-346 2099     c -43.93

SPT-G-126 3958.8  ab 5.75

SPT-G-28 (check) 3743.5  ab

PVH-2310 4467.1  a 19.33

PVH-2261 3564.1  b -4.79

PVH-2233 3928.9  ab 4.95

PVH-2248 4215.9  ab 12.62

PVH-2275 3845.2  ab 2.72

NC-71 4192     ab 11.98

LSD(0.05) 863.06

Yield kg ha-1
Yield is the final important character of plant, which is 

directly associated with the earnings of the growers. More 
yields mean more profit. Highly significant differences (P<0.01) 
among the hybrids were observed for yield kg ha-1 (Table 9). The 

value for this trait among the hybrids varied between 1901.6 
kg and 4467.1 kg ha-1. Hybrid PVH-2310 had maximum yield 
(4467.1 kg ha-1) followed by PVH-2248 with cured leaf yield of 
4215 kg ha-1. Check cultivar Spt G-28 produced cured leaf yield 
of 3743.5 kg ha-1 and were statistically at par with that of TM-
2008, SPT-G-126, PVH-2233, PVH-2248, PVH-2275 and NC-71 
whereas, the lowest yield of 1901.6 kg ha-1 was recorded for 
K-394. Tobacco hybrids PVH-2310 and PVH-2248 thus excelled 
in performance for yield kg ha-1. These results are in line with 
the study of [23,24] who recorded significant genetic differences 
among the tobacco genotypes for yield kg ha-1. 

Percent leaf Nicotine
Nicotine is an alkaloid, which only exists in tobacco plants, 

and accounts for 95% of its total alkaloid content [25]. It is the 
principal chemical in tobacco defining tobacco quality Shmuk, 
1953. Higher contents of nicotine negatively affect different 
physiological while very low contents offer no satisfaction to the 
smoker. The hybrids exhibited significant differences (P<0.05) 
for the nicotine content of their leaves (Table 9). Nicotine content 
among the hybrids varied from 1.8 to 2.7%. TM-2008 had leaves 
of maximum nicotine content of 2.7% and was closely followed 
by K-399, K-394 with percent leaf nicotine of 2.6. Check variety 
SPT-G-28 showed a decrease in nicotine percentage recorded 
2.5% nicotine content, and were found to be statistically at par 
with that of SPT-G-126 and PVh-2310. Whereas K-394 recorded 
minimum nicotine of (1.8%) in its leaves. Hybrid differences 
among cured tobacco leaves for nicotine percentage have also 
previously been reported by Triplat et al. [26,27].

Table 10: Percent Nicotine of FCV hybrid grown under agro climatic 
condition of Mardan.

Varieties Percent Nicotine Percent increase 
over check variety

K-399 2.6  ab 4

TM-2008 2.7   a 8

K-394 1.8  g -28

K-346 2.6  ab 4

SPT-G-126 2.5  bc 0

SPT-G-28 (check) 2.5  bc ----

PVH-2310 2.5  bc 0

PVH-2261 2.4  cd -4

PVH-2233 2.3  de -8

PVH-2248 2.3  de -8

PVH-2275 2.1  f -16

NC-71 2.3   e -8

LSD(0.05) 0.1353

Reducing sugars
Reducing sugars exercise the most favorable influence on 

the tobacco taste and aroma during smoking and are one of the 
most important quality parameters of flue-cured tobacco. Its 
higher contents impart sweetness to aroma Hashmi et al. [28].  
Highly significant differences (p<0.05) among the hybrids were 
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observed for reducing sugar percentage in the leaves (Table 
10). Reducing sugar contents in the leaves of tobacco hybrids 
ranged between 14.3 and 20.3 (Table 11). SPT-G-126 displayed 
minimum value (14.3) for this trait, whereas PVH-2233 had 
maximum value (20.3) for reducing sugar content of all hybrids 
used in study. Check variety SPT-G-28 leaves was observed with 
16.9 reducing sugar content and found to be statistically same 
with that of PVH-2310. Hybrid K-399, K-394 and PVH-2275 
was also statistically identical but different from Check variety 
SPT-G-28. PVH-2233 thus manifested its superiority for reducing 
sugars content. These results are compatible with the findings 
of shah et al. [29] and Pathak et al. [30]. They also reported 
significant genetic differences among tobacco genotypes for this 
trait [31-36].

Table 11: Reducing sugar percentage   of FCV hybrid grown under 
agro climatic condition of Mardan.

Varieties Leaf Reducing sugar 
percentage

Percent increase 
over check variety

K-399 15.6  e -7.7

TM-2008 14.5  f -14.2

K-394 18.0  bc 6.5

K-346 18.0  bc 6.5

SPT-G-126 14.3  f -15.4

SPT-G-28 (check) 16.9  d

PVH-2310 16.5  d -2.4

PVH-2261 18.8  b 11.2

PVH-2233 20.3  a 20.1

PVH-2248 18.8  b 11.2

PVH-2275 18.3  bc 8.3

NC-71 17.8  c 5.3

LSD(0.05) 0.8049

Conclusion and Recommendation
Conclusion

Keeping in view the good performance of PVH-2310 and PVH-
2248 for agronomical and chemical characters, it is suggested 
that these two exotic FCV hybrids can be grown in Mardan region 
in order to boost the economy from tobacco cultivation as these 
hybrids are high yielding as compare to check variety “SPT-G-28” 
and other hybrids of FCV tobacco included in the trial.

Recommendation
It is therefore recommended thatPVH-2248 and PVH-2310 

should be considered for general cultivation under agro-climatic 
condition of Mardan, region.
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