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ABSlRACT 

Global assessments elucidate the expected significant effect of climate change 
on future agriculture. In black pepper also, change in weather parameters plays 
an important role in its productivity. The present study attempts to make an 
assessment of the impact of genotypes and environment on sex form in black 
pepper. The observation on the flower composition of pepper varieties in 
different regions, revealed that there exists considerable extent of variability 
among genotypes and is highly influenced by the weather parameters. High 
percentage of bisexual flowers is essential for poUination and fruit set. For 
Panniyur-l, a popular variety, high altitudes and heavily shaded conditions 
cause the proportion of female flowers to be higher compared to hennaphrodite 
flowers. In contrast, the shift towards femaleness was not much pronounced in 
a few of the local cultivars such as Karimunda, Thevanmundi, ChumuIa and 
Neeiamundi under similar conditions. Light availability, temperature and 
rainfall are found to be the major factors influencing the flower composition 
which in turn determine the productivity. The shift towards femaleness and 
lack of pollination are one of the major r~asons for spike shedding among 
popular varieties such as Panniyur-l in high altitudes. 
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Black pepper (Piper nignnu L.), known as the "King of Spices", originated in lhe 
tropical ev~green forests of Western Ghats in India. India has the largest area under 
black pepper and the crop it is grown under varied cropping and climatic conditions. 
The average productivity of black peppet in India is around 300 kglha and 214 kglha 
in Kamataka (Anon. 2009). The major production constraints in hilly regions are 
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diseases and non-availability of suitable varieties and planting materials. Crop failure 
due to spike shedding is becoming a major production constraint in high elevations of 
Karnataka. Shedding of spikes is attributed to various factors viz., fungal poIlu 
(Colletotrichum sp.) (Menon, 1949; Kurian et aJ., 2000), insects, drought, absence of 
pollination (Anandan, 1924) and inadequate pollination (Geetha & Nair 1989). 
Predominance of female flowers in the spikes was reported as the major cause for 
pollination failure and subsequent spike shedding (Ravindran et aI., 2000). 

Over 100 cultivars and 15 released varieties are under cultivation in different agro­
climatic conditions (Sasikumar et al., 1999). The perfonnance of varieties depends on 
local climatic conditions, management methods, pests and diseases prevalent in that 
area. The wild P. nigrum is dioecious, while most of the cultivars are monoecious 
(Ravindran et aI., 2000). Flowers are borne on solitary leaf-opposed spikes, 
morphologically tenninal, filifonn, and bisexual or unisexual. Among the cultivars, 
variations occur with regard to the relative proportion of male, female and bisexual 
flowers in spikes. The composition of flowers in the spikes is primarily governed by 
the genotype. However environmental factors also playa major role. The effect of 
climate on black pepper productivity is more related to local weather rather than 
global climate patterns. In general, high percentage of bisexual flowers is essential fOT 

effective pollination and fruit set (Ravindran et aJ., 2000). 

While investigating the specific problem of spike shedding, several samples revealed 
predominance of female flowers in Panniyur-l, a popular variety among growers in 
coffee plantations of Coorg and Chickmagalur Districts of Kamataka. Based on this 
background, studies were undertaken in high altitudes ofK.arnataka and selected plots 
in other black pepper zones of Kerala and Tamil Nadu to study the flower composition 
in relation to genotypes and environmental factors. 

MATERIALS AND METHODS 

To study the flower composition, experimental plots ...v;ere selected across the black 
pepper regions in high altitudes of Karnataka and selected plots in other zones of 
Kerala and Tamil Nadu. The experimental blocks were maintained with recommended 
package of practices (Devasahayam et aI., 2006). A series of experiments were 
conducted to understand the flower composition at a particular growth period, over a 
period of time and the effect of shade, rainfall and temperature on flower composition. 

Variation in flower composition 
Observations on the flower composition of spikes were recorded from the different 
varieties Icultivars in 12 selected locations (nine in Karnataka, two in Kerala and one 
in Tamil Nadu). These areas were located at 900-1,400m above sea level with rainfall 
of 1,200-4,500 mm/annum. Ten vines (6-7 m height) per variety/cultivar per 
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observations on flower oompositio~ i.e. female, male and bisexual flowers were 
recorded in 50 spikeslvine collected from different heights of canopy (30% in top, 
40% in middle and_remaining 300'"' in 1-2 m height). flower composition of spikes 
was recorded at 500/0 flower opening stage. 

Flower composition dUring Y<lIious months 
An experiment was conducted at Indian Institute of Spices Research, Cardamom 
Research Centre, Appangala, Kamataka (I,IOOm above sea level with armual rainfall 
of 3,000-3,200mm) to stndy the flower composition during different months of 
flowering (May to November). The observations were recorded in the variety 
Panniyur-I (9-12 years old) ~'ines tIai1ed on silver oak standards. The experimental 
plot was irrigated from 20"'Marcb and shade regulation was done during the second 
week of April to give 70"/' exposure (6,500-8,500 Lux on cloudy day at noon). Ten 
vines (6-7 m height) :Per_-replication were selected and the percentage of bisexual 
flowers per spike fur 50 Spikes -on each vine was recorded during third week of each 
month from May to November. 

Flower composition and environmental influence 
In another experiment. pepper plots receiving all recommended package of practices 
were selected and va.:ry:ing shade levels were induced to study the influence of shade 
on flower composition. Foc this study, 9-12 year old Panniyur-l vines trailed on silver 
oak: standards were selected. Shade regulation was selectively done during the second 
week of m April to provide different levels of exposure to sunlight. Ten plants were 
selected from each _exposure -level viz., dense shade, partial shade and complete 
exposure for recording bisexual flower status. Similar observation on the composition 
of flowers was also- recorded :from the representative plots where excessive spike 
shedding was noticed.. Fifty shed spikes were observed in nine locations (seven in 
Karnataka, one each in Kaala and Tamil Nadu). 

RESULTS AND DISCUSSION 

Variation In flower composition among genotypes 
The present study revealed considerable variability among the genotypes for flower 
composition in spikes. The percentage of hermaphrodite flowers under high elevations 
was in the range of 2-63% in Panniyur-l, 55-99% in Panniyur-5, 68-94% in 
Karimunda, 74-1"(% in Balankotta, 56-78% in Chumula and 76-78% in 
Thevanamundi (Table 1)_ The hermaphrodite flower composition in spikes of different 
cuitivars/varieties reported by- various workers are 99.2% (Panniyur-l), 99% 
(Subhakara, Neelamundi and Kottanadan), 98% (Sreekara and Vadakkan), 96% 
(Airnpiriyan, Thevammmdi, Vellanarnban and Panchami), 94% (Karimunda), 90% 
(Balankotta), 87% (Jeetakamuoda), 83% (Chmnula) and 78% (Kalluvalli) (Ravindran 
et al. 2000; Nambiar et 31. 1978). In the present stndy, hermaphrodite to female phase 
shift was recorded in 'bigh altitude locations. The shift towards female flowers was 



Venugopal, M.N. et a1. Role of Weather Parameters and Genotypes on Flower 
·Composition of Black Pepper in India 

noticed in all the 16 cultivars/varieties studied. However, the shift towards female 
phase was drastic in 'Panniyur-I in all the high altitude locations. Generally, black 
pepper genotypes showed higher hermaphrodite flower combination in moderate 
rainfall zones of lower elevation (Ravindran et al., 2000). Among different 
cultivars/varieties, the male flowers in a spike varied from 0-19% and the proportion 
of hennaphrodite flowers showed even greater variation of 2-1 00%. The proportion of 
female flowers has beel) found to increase with an increase in the intensity of shade 
(Geetha and Nair, 1989). Spikes produced during the off season (July-August) are 
characterised by more number of female flowers compared to spikes produced during 
normal season (May-June). This study supports the views of Devasahayam et aI. 
(2006) and suggests the need of exposure of vines to sunlight to induce higher 
proportion of hermaphrodite flowers which is essential for good fruit set (Ravindran et 
aI., 2000). Higher proportion of female flowers under dense shaded condition and 
more hermaphrodite flowers under exposed condition indicates the necessity of shade 
regulation in the initial stages of spike emergence. The cultivars viz., Thevanmundi, 
Neelamundi, Churnula, Vellanamban and Karimunda recorded higher proportion of 
bisexual flowers compared to Panniyur 1 (under higher elevations). 
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Flower composition influenced by light availability, rainfall and temperature 

Light availability plays an important role in pollination and hence the productivity of 
black pepper. Plants grown under dense shade will not come into good bearing, 
because only a small portion of the solar energy reaches the plant canopy (Wahind, 
1984). In the present study, the hermaphrodite flower combination was altered' 
drastically between May to November (Fig. 1) leading to female phase. The maximum 
percentage of bisexual flowers was recoded in the month of June (90%), while the 
lowest was recorded in August (4%), which coincides with heavY rainfall and less 
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light availability. The sunshi:iJe hours_ rise from lowest in Decem.ber to the peak in 
May (DeWaard and Zevan, 1969), High percentage of bisexual flowers is essential for 
good fruit set, Hence, the sbi:ft towards female phase led to pollination failure and 
spike shedding durillg July, Angust and September. Fig. 2 shows the impact of light 
on flower composition.. ~ irrigation, variety, standard (support tree), age of the 
vine and management- were unifonn, the quantum of light availability made the 
difference in the flower coinposition. In shaded condition (3,280 Lux), the drift 
towards female status is pronounced and spikes comprised only 3.9% of 
hennaphrodite flower.; as-agRirist 83% hennaphrodite flowers in exposed conditions 
(10,000 Lux) and 8% in partially shaded condition (6,547 Lux). The light availability 
can be enhanced by pro~ shade regulation of standards or shade trees in the 
plantation during May-June for higher hermaphrodite to female flower ratio. 

The data on flower composition -in spikes that emerged and were shed during the 
month of August (Fig. 3) indicated- predominance of female flowers instead of 
bisexual flowers and the trend is same for ffi all the nine locations. All the locations 
were heavily shaded and this might be the reason for the higher composition offemale 
flowers. 
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Fig.2 Hermaphrodite flower (%) under different shade level (Paniyur 1) 

The observation on the flower composition of pepper varieties in different regions, 
revealed considerable extent of variability among the genotypes studied and was ts 
highly influenced by the weather parameters. In Panniyur-l, under high altitude and 
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highly shaded conditions, the proportion of female flowers was observed to be higher 
as compared to hennaphrodite flowers. The shift towards pigher composition of 
female flowers was, however, not pronounced in a' few local cultivars such as 
Karimunda, Thevanmundi, Chumula and Neelamundi. The shift towards female 
flowers and lack of effective pollination is one of the major reasons for spike shedding 
among popular varieties such as Panniyur-l in high altitudes. 

Flushing in black pepper starts with pre-monsoon showers in May and maximum 
flushing occurs during July (Anandaraj, 2000). Each new leaf also subtends a spike. 
When In-ease the pre-monsoon showers are delayed or absent, the flushing will also 
be delayed. Bright light plays an important role in the production of bisexual flowers. 
For the last few years there was absence of sununer showers and the monsoon rain 
was also erratic. This had resulted in the production of more female flowers and 
increased spike shedding especially in the variety Panniyur-l in Kodagu and adjoining 
areas. The experimental evidence also suggests the production of predominantly 
female flowers in spikes produced during July-August. Thus, change in local weather 
in Kodagu and adjoining areas for the last few years has resulted in reduced crop 
productivity as there was delayed flushing and spike production during peak monsoon 
with predominantly female flowers instead bisexual flowers. This was offset to some 
extent by irrigation and shade regulation. When there is no possibility of irrigation, 
resorting to planting of cultivars that are less sensitive to changes in weather would 
help to overcome the problem in black pepper growing areas. 
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Fig 3. Hermaphrodite flowers (%) in shed spikes (panniyur I) 
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