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reduce by 65% and 70% for rose and 

marigold flowers respectively, than those 

dried in open sun. The effect of dust and 

loss of silica gel due to wind is also re-

duced by using the solar dryer. The 

flowers are subjected to constant temper-

ature and higher drying rate throughout 

the drying process in the dryer, which 

minimize the effect of size reduction. 

The unutilized fresh flowers from  

domestic trade can be converted into 

value-added products after drying in the 

solar dryer for better returns. Besides 

flowers, this hybrid dryer can also  

be successfully used for the drying of 

other high-value crops/vegetables/spices/ 

herbs. 
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Occurrence of leaf tip mutation in black pepper (Piper nigrum L.) 

 
Black pepper (Piper nigrum L., family: 

Piperaceae) is one of the oldest and most 

widely used culinary spices. Convention-

ally leaves of black pepper plant have a 

single acuminate or mucronate tip1, but 

we found multiple tips in some black 

pepper plants. Panniyur-5 is a variety 

bred at the Pepper Research Station 

Panniyur by Kerala Agricultural Univer-

sity, Thrissur, India. It is a selection from 

open pollinated seedling progeny of Pe-

rumkodi with moderate susceptibility to 

foot rot disease at nursery2. Horticulture 

Section of ICAR-Central Coastal Agri-

cultural Research Institute is engaged in 

research of black pepper as suitable inter/ 

mixed crop in perennial crop-based 

cropping systems.  

 We observed some of the orthotropic 

stems of black pepper vine of one open 

pollinated seedling progeny of Panniyur-

5 and their clonal progenies to display a 

rare leaf shape mutation with lobed leaf 

at tip. Mutations in leaf shape of 10 adult 

plants out of 330 plants were observed 

and studied in leaves of black pepper. 

Shape of the leaf varies among the pep-

per germplasm accessions and used as 

one of the descriptor traits to character-

ize the variation. Shape of the leaves of 

the pepper plants varies from ovate, 

ovate-lanceolate, ovate-elliptic, cordate, 

obovate, lanceolate, elliptic, ovate or 

broadly obovate1,3.  

 All the mutant leaves studied pos-

sessed more than one tip and a broader 

leaf blade (Figure 1). Acuminate or drip 

tip is an adaptive feature in leaves of 

most tropical rain forest plants4,5 to  

rapidly drip off water for natural drying 

of leaves. Piper sagittifolium is another 

species which has lobes at base6 of the 

leaf. Piper nigrum L. does not possess 

any lobe at base or at tip as per the DUS 

descriptors3. 

 About seventy mutant leaves were  

selected at random on the mutant plants. 

Another seventy leaves of similar age 

and position were selected on neighbour-

ing plants of wild type. Inter nodal 

length, length and width of leaf, length 

and girth of petiole were measured. Pair 

of 10 wild type and mutant leaves were 

scanned on a flatbed scanner and the  

image was saved at 600 dpi as jpeg file. 

ImageJ software7 with LeafJ plugin8 was 

used to analyse the image files for  

measuring angle, circularity (4 *  r2/ 

(perimeter)2), ferret diameter, ferret  

angle, roundedness and solidity (area/ 

convex area)7. Paired t-test was per-

formed using graphpad web service9 to 

compare mean of the traits of mutant and 

wild-type plants for statistical signifi-

cance.  

 Mean, range and variation values of 

leaf, petiole and internodal length of mu-

tant and wild type are presented in Table 

1. Leaf arrangement was opposite in 

some of the mutant leaves (Supplementary 

Figure 1). Leaves of the mutant plants 

possessed significantly larger leaf area 

than wild type (Table 1). Leaves of black 

pepper are simple and arranged alternate. 

Mutant leaves differed (Supplementary 

Table 1) based on number of tips, degree 

of fusion of leaves and changes in leaf 

arrangement (Supplementary Figure 1). 

Rooted cuttings with all mutant leaves 

having more than one acuminate tip 

(Figure 1) were selected and planted for 

further evaluation.  

 The long acuminate or the drip tip of 

the Piper leaves5 was experimented to 

support leaf drainage in high rainfall re-

gions. The water film due to excess rain 

fall held on the leaf surface if not drained 

can impact transpiration leading to de-

creased nutrient uptake10. The mutant 

leaf is able to drain water more effective-

ly than wild type plants due to additional 

tips. Effective leaf size or leaf width of 

lobes/leaflets is known to increase due to 

increase in rainfall, but decrease with  

 

 

 
 

Figure 1. Rooted cutting of mutant black 
pepper with modified leaf tip. 
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Table 1. Leaf, petiole traits and internodal length of mutant and wild-type black pepper 

 Wild-type  Mutant 
 

Trait Mean Range (CV%) Mean Range (CV%) P value 
 

Leaf length (cm) 9.3  0.2 4.8–14.2 (20.4) 8.5  0.2 3.9–12.5 (21.0) 0.0005 

Leaf width (cm) 6.5  0.2 2.4–9.5 (22.9) 8.3  0.3 2.4–15.5 (30.6) <0.0001 

Inter nodal length (cm) 7.0  0.3 0–11.1 (35.1) 8.5  0.3 0–12.1 (32.2) <0.0001 

Petiole length (cm) 4.9  0.2 2.2–8.3 (25.6) 5.3  0.2 1.9–10.0 (25.8) 0.0285 

Petiole thickness (cm) 3.28  0.1 1.19-4.96 (27.03) 4.50  0.1 2.23–8.21 (27.35) <0.0001 

Leaf length  width (cm2) 61.6  2.5 11.5–118.8 (34.2) 72.6  3.7 11.3–155.9 (43.2) 0.0018 

Leaf Eccentricity  1.50  0.1 0.8–3.2 (28.2) 0.91  0.04 0.4–2.2 (34.3) <0.0001 

Values are means of 68–70 samples followed by standard error compared by paired t-test CV% are given in parenthesis. 

 

 

 

increase in irradiance probably to adapt 

the leaves to the ecology11.  

 Diverse forms of leaf shape evolve in 

plants due to thermoregulation, hydraulic 

and other biomechanical restrictions or 

biotic stress12. Among the image-based 

measures, only circularity and solidity 

were significantly lower in mutant leaves 

than those of wild type (Supplementary 

Table 2). Mutant leaves possessed larger 

surface area than wild type (Table 1) ex-

tending the photosynthetic area of plant. 

Leaf area in black pepper is an allometric 

function of leaf length with constants  

varying for each cultivar13. Leaf shape 

(E) eccentricity (ratio of leaf length to 

width) measures the degree of leaf elon-

gation14. Wild-type leaves are elongated 

with high eccentricity and angle values 

(Table 1 and Supplementary Table 2).  

 Leaf shape mutations in chilli and cot-

ton are known to be genetically con-

trolled15,16. DNA-based marker (SSR17 or 

RAPD18) systems are currently employed 

in black pepper improvement and variety 

identification. The current study identi-

fies novel chimera with leaf tip shape. 

Pure clones of this mutant need to be 

first isolated by tissue culture or other 

tissue specific propagation tools. Later, it 

will be used in cultivar improvement 

programmes after further confirmatory 

studies.  
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