
 Research Journal of Recent Sciences _______________________________________________ E-ISSN 2277-2502 
 Vol. 5(ISC-2015), 4-10 (2016) Res. J. Recent. Sci. 

 

 International Science Community Association       4 

Stomata length and Density as an Indicator of Ploidy level in Sweet Pepper 
(Capsicum annuum L.) 

Surendra Lal Shrestha1* and Won-Hee Kang2 
1Horticulture Research Division, NARC, Khumaltar, Nepal 

2Kangwon National University, Republic of Korea 
shsurendra@hotmail.com 

 

Available online at: www.isca.in, www.isca.me 
Received 29th November 2015, revised 1st January 2016, accepted 15th January 2016 

 
 
 

Abstract 
Ploidy level determination in plant is normally done by either chromosome number count in the cell or flow cytometry 
analysis methods which are tedious and complicated. Hence, the suitability of the stomatal length and density as a criterion 
in the distinction between haploid (2n=12) and diploid (2n=24) plants of Sweet Pepper (Capsicum annuum L.) was tested in 
anther culture derived plants from seven cultivars; Derby, Special, Bossanova, Boggie and Minipaprika with 170 plants. 
Plants were grown in screen house and at least ten fully developed leaves from a plant were measured for its length, width 
and stomata impression were prepared. Stomata number and length were recorded in 1000x microscope. Result showed that 
mean stomata length and number were 26.4±2.4µm and 7.4±1.80µm in haploid, 35.2±2.5µm and 5.8±0.8µm in diploid that 
was 33.3 percent (%) and -30% higher in diploid as compared to haploid. Likewise, mean leaf length and width in haploid 
was 7.2±1.2 cm and 3.98±0.97 cm and in diploid 9.66±1.7 cm and 6.3±1.0cm that was 34.2% and 65.8% respectively higher 
in diploid as compared to haploid. Hence, haploid and diploid were significantly different in these parameter and 
measurement of stomata length is a rapid technique for identifying ploidy level in Sweet pepper.  
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Introduction 
Breeders need simple, reliable and rapid method for separating 
plants with different ploidy levels. Although chromosome 
counting is exact, it is time consuming and required trend 
personnel. Therefore, this study has been made to find other 
methods of ploidy determination. The ploidy status of breeding 
genotypes is traditionally determined by chromosome counting, 
a technique which is laborious and not suitable for large scale 
screening of segregating populations1. Ploidy estimation by the 
analysis of pollen and chloroplast characteristics2 or more 
accurately and rapidly by using flow cytometry analysis of 
nuclear DNA content have been advocated3. Ploidy 
determination using chloroplast characteristics is based on the 
observation that chloroplast number in stomatal guard cell size 
increases in response to increased ploidy state. Stomatal length 
is sometimes used as an indicator of the ploidy level of plants4-7. 
Czabajska and Letchamol et al. pointed out that stomata length 
and number of chloroplasts per guard cell makes easy to 
distinguish diploid forms of Chamomile from tetraploid ones8,9. 
According to Dabrowska the stomata length and pollen grain 
diameter may constitute suitable markers for determination of 
ploidy level in Yarrow (Achillea mellefolium L.)10. Przywara 
reported suitability of stomatal length as a criterion in the 
distinction between haploid and diploid plants of 
Actinidiadeliciosa11. He found mean stomatal length 24±1.7㎛ 
for haploids and 33±2.4 for diploid plants and concluded that 
measurement of stomatal length is a rapid technique for 

identifying ploidy level in kiwifruit. But it has not been studied 
in sweet pepper. 
 
Stomata are small pores in the surface of a leaf. The 
fundamental function of stomata is to open and close so that the 
rates of water loss and carbon dioxide uptake are regulated. 
Stomata impose a resistance to the diffusion of water vapor and 
carbon dioxide. When stomata are closed, the resistance to gas 
exchange is infinitely great. In other words, stomata provide an 
effective barricade to the movement of water vapor and carbon 
dioxide into and out of the leaf. When stomata are open, gas 
exchange of both water vapor and carbon dioxide proceed. The 
objective of this study was to determine whether or not the 
measurement of stomatal length in leaves of haploid and diploid 
plants of sweet pepper can be used to determine ploidy level.  
 
Materials and Methods 
This study was carried out at plant physiology and molecular lab 
of horticulture department, Kangwon National University, South 
Korea for stomata observation for the verification of the ploidy 
level. It was confirmed by flow cytometry analysis of nuclear 
DNA content because off most accurate method of ploidy 
determination12,13 and chromosome counting of meristematic 
root tip cell1. Anther were collected from five different 
improved sweet pepper hybrid cultivars; Derby, Special, 
Boogie, Bossanova and Minipaprika and anther culture was 
done in the same lab in 2009. Anther culture derived plants were 
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grown in deep sea water farm Hwacheon, under greenhouse 
condition. Ten fully developed leaves from the middle part of 
the plant were measured for length and width of the leaves and 
five leaves collected for stomata observation.  
 
Stomata observation: The epidermal peels were excised from 
the leaves and a cast of the leaves surfaces was prepared by 
painting the bottom surface (abaxial) of the leaf with clear 
fingernail polish. It is important that nail polish only be applied 
to dry leaves or the replica will be cloudy and may not dry 
properly. It was dried for about 10 minutes. Casts would be very 
difficult to remove if allowed the nail polish to remain on the 
leaf surface for more than 15 minutes. Approximately a piece of 
Scotch tape 1.5 cm long was cut and folded the tape over on 
itself leaving 0.5 cm of sticky surface exposed. The sticky tab of 
the tape was placed at the edge of the leaf so that it sticks to the 
nail polish cast. The remaining tape was used as a handle to 
carefully pull the nail polish cast from the leaf surface. The cast 
was placed on the slide and a cover slip placed over the cast. 
The slide was observed under high power microscope. The 
numbers of stomata in ten fields of view were counted at 400 X 

and length of stomatal guard cells along the side facing the 
stomatal pore was measured in 1000X microscope. Then mean 
were calculated. On the lower epidermis, twenty measurements 
of these two parameters were taken for each plant in four 
replications. Table 1-5 presents mean values of studied traits in 
haploid and diploid.  
 
Results and Discussion 
Among the one hundred seventy anther derived plants, thirty 
five (34.9%) plants were haploid. It was verified with 
chromosome count and flow cytometry analysis method. 
Chromosomes were 12 in haploid and 24 in diploid plants. Leaf 
size was bigger in diploid plants where average leaf length (9.7 
cm) and average leaf width (6.3 cm) was noted in diploid but in 
haploid, average leaf length (7.2 cm) and average leaf width 
(3.8 cm) was recorded. That was 34.2 percent longer and 65.8% 
wider leaf in diploid. Increment of leaf length in diploid plant 
was higher (50%) in Special with 75% higher in leaf width 
whereas the least leaf length increment (12.2%) was recorded in 
Bossanova with 26.8% higher in leaf width (Table-2). 

 
 

 
Figure-1 

Histogram shown by flow cytometry peak analysis of A: haploid plant, B:diploid plant 
 

 
Figure-2 

Chromosomes seen in root tip cells of haploid and diploid plant 

A B 
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Table-1 
Leaf size, stomata length and number in haploid and diploid anther derived sweet pepper plants 

Cultivar Ploidy Level Genotypes Leaf Stomata 
length (cm) width (cm) Number/ 

1000㎛2 
Length (㎛) 

Derby Haploid Mean (9)z 
variance 
maximum value 
Minimum value 

8.5±1.2 
1.44 
10.5 
6.9 

4.5±0.5 
0.27 
5.1 
3.8 

5.9±1.1 
0.34 
6.4 
5.6 

26.8±1.3 
0.33 
27.5 
26.2 

Diploid Mean (26) 
Varience 
Higher value 
Minimum value 

12.0±1.4 
2.04 
14.4 
9.3 

7.2±1.2 
1.56 
9.7 
4.7 

5.6±0.7 
1.34 
7.2 
3.8 

36.4±0.8 
2.72 
39.7 
33.1 

Special Haploid Mean (7)  
Varience 
Higher value 
Minimum value 

7.1±1.5 
2.63 
9.6 
5.3 

3.6±0.7 
0.49 
4.5 
2.6 

7.6±0.9 
0.78 
9.0 
6.4 

23.0±2.9 
4.24 
25.2 
19.4 

Diploid Mean (24) 
Varience 
Higher value 
Minimum value 

10.7±1.5 
1.37 
12.8 
8.5 

6.3±0.9 
0.62 
7.8 
4.6 

6.3±0.8 
1.29 
9.2 
4.6 

29.2±3.2 
1.91 
31 
25 

Boogie Haploid Mean (14) 
Varience 
maximum value 
Minimum value 

7.1±1.4 
2.21 
9.5 
4.2 

3.7±1.1 
1.12 
5.5 
1.9 

8.9±1.1 
2.14 
10.8 
6.2 

27.5±2.4 
15.36 
36.7 
23.4 

Diploid Mean (51) 
Varience 
maximum value 
Minimum value 

9.2±1.2 
1.41 
11.5 
5.7 

5.5±0.7 
0.58 
6.6 
2.8 

5.8±0.8 
1.62 
7.6 
3.4 

36.2±2.7 
10.13 
43.4 
31.7 

Bossanova Haploid Mean (13)  
Varience 
Higher value 
Minimum value 

7.4±1.5 
2.29 
11.0 
5.7 

4.1±1.1 
1.24 
5.5 
2.8 

8.6±1.0 
4.58 

13.    6.0 

28.1±2.4 
28.62 
36.7 
23.4 

Diploid Mean (23) 
Varience 
Higher value 
Minimum value 

8.3±1.1 
1.20 
11.0 
7.1 

5.2±0.8 
0.80 
7.2 
3.8 

6.8±1.1 
3.2 

10.0 
3.6 

35.0±2.6 
11.18 
38.4 
25.0 

Minipaprika Haploid Mean 
Varience 
Maximum value 
Minimum value 

6.0±0.5 
0.25 
6.4 
5.7 

3.2 
0.08 
3.4 
3.2 

6.0 
0.32 
6.4 
5.6 

26.7 
5.78 
28.4 
25.0 

Diploid Mean (3) 
Varience 
Maximum value 
Minimum value 

8.1±3.1 
9.8 
11.5 
5.3 

7.1±1.6 
3.32 
6.5 
2.9 

4.8±0.8 
0.84 
4.8 
3.0 

39.0±3.3 
0.96 
40.1 
38.4 

ZMean±SD, zNumbers inparanthesis is number of plants used for calculation 
 
Hence, in all the cultivars, leaf size (length and width) was 
bigger in diploid plants as compared to haploid. Likewise, 
average stomata density (7.4/1000 ㎛2) and average stomata 
length (26.4 ㎛) was recorded in haploid plant and average 
stomata density (5.7/1000 ㎛2) and average stomata length (35.2 
㎛) was recorded in diploid plant. Hence, stomata density was -
23 percent lesser in diploid but stomata length was 33.3 percent 

higher in diploid plants. Stomata in diploid plants were bigger in 
size than in haploid plants. Significant differences in length of 
stomata guard cells exist between haploid and diploid plants of 
sweet pepper. Among the studied cultivars; stomata increment 
percent in diploid was highest in Minipaprika (46.1%) followed 
by Derby (35.8%) and lowest was in Bossanova (24.5%). As far 
as mean stomata density is concerned, the highest decreasement 
of stomata number/1000 ㎛2 in diploid was in Boogie (-34.8%) 
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followed by Minipaprika (-33.3%) whereas the least 
decreasement (-5.1%) was in Derby. The results of all other 
cultivars followed the same pattern. The means from both 
ploidy levels did not overlap. The means from haploid plants 
were significantly different from the means from diploid plants 
in 170 plants evaluated (Table-2). An identical difference was 
reported by Czabaiska8. Munoz et al., reported that one 
alternative for the indirect determination of ploidy is the 
measurement of the size of the stomata which correlated with 
the ploidy level14. 
  
Similarly Burbulis et al., reported that in haploid the stomata 
length was reduced by 1.4 and their number in the vision field 
measured by approximately 1.1 in comparison with the diploid 
parent plants15, whereas the height of the haploid plants was 1.4 
times less than parent plants. Przywara et al., had also reported 
mean stomatal length 24±1.7 ㎛ for haploids and 33±2.4 ㎛ for 
diploids in Kiwifruit (Actinidia deliciosa)11. Lozykowska also 
found significantly higher stomata length in tetraploid than 
diploid strains of chamomile plant; mean length stomata varied 
from 39.05 to 44.28 ㎛ in diploid plants from 53.88 to 59.95 ㎛ 
in tetraploids which was 40% higher in tetraploids than in 
diploids16. Gresens reported that tetraploids of marjoram 
(Origanum majorana  L.) and Savory (Satureja hortensis L.) 

had about 35% longer stomata than diploid forms17. Reliable 
differences among stomatal lengths of different ploidy were 
reported by Evans for Trifolium pratense, T. repens, and 
Medicago sativa18; by Speckmann et al., for Lolium penne and 
L. multiflorum19; and by Geok-Yong Tan and Dunn  for Bromus 
inermis20.  
 
It showed that stomata density and length measurement could be 
also used to support for differentiating between haploid and 
diploid status in sweet pepper. The method used to measure 
stomatal length is simple, almost non-destructive, and does not 
require expensive instruments. In the present study, the average 
stomatal length of diploid and haploid plants differed markedly, 
with diploid stomata being longer than haploid stomata, which 
indicates that the measurement of stomatal length could be an 
effective way to differentiate haploid and diploid plants of 
Sweet pepper. In haploid and diploid plant’s root tip showed 12 
and 24 number of chromosomes respectively (Figure-2). In this 
study, sixty five percent plants were diploids, which support the 
findings of Dumas et al., who had reported fifty percent diploids 
but there was increase in the frequency of diploids in the course 
of androgenesis after transfer to fresh media21. Here also, ploidy 
level was analyzed after transplanting in the field in its maturity 
stage. 

 
Table-2 

Leaf size, stomata number and length in haploid and diploid of anther derived Sweet pepper plants 
Source Ploidy level Leaf Stomata 

length (cm) width (cm) Number 
(10002㎛) 

Length (㎛) 

Derby Haploid 8.5±1.2y 4.5±0.5 5.9±1.1 26.8±1.4 
Diploid 12.0±1.4 7.2±1.2 5.6±0.7 36.4±0.8 
Increament (%) in diploid 41.2 30.9 -5.1 35.8 

Special Haploid 7.1±1.5 3.6±0.7 7.6±0.9 23.0±2.9 
Diploid 10.7±1.5 6.3±0.9 6.3±0.8 29.2±3.2 
Increament (%) in diploid 50.7 75 -17.1 26.9 

Boogie Haploid 7.1±1.4 3.7±1.1 8.9±1.1 27.5±2.4 
Diploid 9.2±1.2 5.5±0.7 5.8±0.8 36.2±2.7 
Increament (%) in diploid 29.6 48.6 -34.8 31.6 

Bossanova Haploid 7.4±1.5 4.1±1.1 8.6±1.0 28.1±2.4 
Diploid 8.3±1.1 5.2±0.8 6.8±1.1 35.0±2.6 
Increament (%) in diploid 12.2 26.8 -20.9 24.5 

Minipaprika Haploid 6.0±0.5 3.2±0.3 6.0±0.9 26.7±2.6 
Diploid 8.1±3.1 7.1±1.6 4.8±0.8 39.0±3.3 
Increament (%) in diploid 35 40.6 -33.3 46.1 

Mean Haploid 7.2± 1.2(44)z 3.8± 0.7(44)z 7.4± 1.0(39) 26.4± 2.3(39) 
Diploid 9.7± 1.7(126) 6.3± 1.1(126) 5.7± 0.8(122) 35.2± 2.5(122) 

Increament (%) in diploid + 34.2 + 65.8 - 23.0 + 33.3 
zNumbers in paranthesis is number of plants used for calculation, yMean ± SD 
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Figure-3 

Mean length of stomata of haploid and diploid of 5 cultivars 
 
 

Figure-4 
Mean density of haploid and diploid of 5 cultivars 
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Figure-5 

Stomata density and size; epidermal peel from regenerated A: haploid, B: diploid plants 
 
Conclusion 
It can be concluded that observation of stomata length, stomata 
density are suitable, quick and easy methods of identifying the 
ploidyleval of sweet pepper plants. These indirect methods 
could be usually used for screening and selection of breeding 
materials. Another advantage of using indirect methods is no 
need of sophisticated techniques or equipment, so anybody can 
use them after a short training.  
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