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ABSTRACT

_ Global assessments ehucidate 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 pollination and fruit set. For
Panniyur-1, a pepular variety, high altitudes and heavily shaded conditions.
cause the proportion of female flowers to be higher compared to hermaphrodite
flowets. In contrast, the shift towards femaleness was not much pronounced in
a few of the local cultivars such as Karimunda, Thevanmundi, Chumula and
Neelanmundi 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 reasons for spike shedding among
popular varieties such as Panniyur-1 in high altitudes.

Keywords: black pepper, flower composition, genotypes, light
availability, rainfall, temperature. -

INTRODUCTION

Black pepper (Piper nigrum 1.), known as the “King of Spices”, originated in the
tropical evergreen forests of Western Ghats in India. India has the largest area under
black pepper and the crop i is grown under varied cropping and climatic conditions,
The average productivity of black pepper in India is around 300 kg/ha and 214 kg/ha
in Karnataka {Anon. 2009). The major production constraints in hilly regions are
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diseases and non-availability of suitable varietics and planting materials. Crop failure . - .
due to spike shedding is becoming a major production constraint in high elevations of -
Kamataka. Shedding of spikes is attributed to various factors viz., fungal pollu

(Colletotrichum sp.) (Menon, 1949; Kurian et al., 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 al., 2000).

Over 100 cultivars and 15 released varieties are under cultivation in different agro-
climatic ¢onditions {Sasikumar et al., 1999). The performance 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 al, 2000). Flowers are bome on solitary leaf-opposed spikes,
morphologically terminal, filiform, 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 govemed by
the genotype. However environmental factors also play a 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 for
effective pollination and fruit set (Ravindran et al., 2000).

While investigating the specific problem of spike shedding, several samples revealed
predominance of female flowers in Panniyur-1, a popular variety among growers in
coffee plantations of Coorg and Chickmagalur Districts of Karnataka. Based on this
background, studies were undertaken in high altitudes of Karnataka 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 were 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 al, 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 /cultivars 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/anmum. Ten vines (6-7 m height) per variety/cultivar per -
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observations on flower: composition, ie. female, male and bisexual flowers were
recorded in 50 spfkmhme :':oll'ected from different heights of canopy (30% in top,

was recorded at 5(}% ﬂower opening stage.

Flower compositica dmngvanons months

An experiment was' conducted at Indian Institute of Splces Research, Cardamom
Research Centre, Appanga]_a, Kamataka (1,100m above sea level with annual rainfall
of 3,000-3,200mm) to stody the flower composition during different months of
flowering (May 1o November) The observations were recorded in the variety
Panniyur-1 (9-12 years okd). vines trailed on silver oak standards. The experimental
plot was. irrigated from 207 M:m:h and shade regulation was done during the second
week of April to give T0% éxposure (6,500-8,500 Lux on cloudy day at noon). Ten
vinés (6-7 m height) per replication were selected and the percentage of bisexual
flowers per spike for 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 teceiving all recommended package of practices
were selected and varymg shade levels were induced to study the influence of shade
on flower composition. Furthls study, 9-12 year old Panniyur-1 vines trailed on silver .
oak standards were selected. Shade regulation was selectively done during the second
week of in April to provnd: different levels of exposure to sunlight. Ten plants were
sclected from each exposure level viz., dense shade, partial shade and complete
exposure for recording bisexudl flower status. Similar observation on the composition
of flowers was also: reconded from the representative plots where excessive spike
shedding was noticed. Fifty shed spikes were observed in nine locations (seven in
Kamnataka, one each in Kerala and Tamil Nadu),

RESULTS AND DISCUSSION

Variation in flower oomposntwn 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-1, 55-99% in Panniyur-5, 68-94% in
Karinmnda, 74-77% in Balankotta, 56-78% in Chumula and 76-78% in
Thevanamundi {Table 1). The hermaphrodite flower composition in spikes of different
cultivars/varieties reported by various workers are 99.2% (Panniyur-1}, 99%
(Subhakara, Neclamundi and -Kottanadan), 98% (Sreekara and Vadakkan), 96%
(Aimpiriyan, Thevamyondi, Vellanamban and Panchami), 94% (Karimunda), 90%
(Balankotta), 87% (Jeerakamizada), 83% (Chumula) and 78% (Kalluvalli) (Ravindran
et al. 2000; Nambiar ¢t af. 1978). In the present study, hermaphrodite to female phase
shift was recorded -in high’ altifude locations. The shift towards female flowers was
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noticed in all the 16 cultivarsfvarieties studied. However, the shift towards female
phase was drastic in Panniyur-1 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 hemmaphrodite flowers showed even greater variation of 2-100%. The proportion of
female flowers has been 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 al
(2006) and suggests the need of exposure of vines to sumlight to induce higher
proportion of hermaphrodite flowers which is essential for good fruit set (Ravindran et -
al., 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, Chumula, Vellanamban and Karimunda recorded higher proportion of -
bisexual flowers compared to Panniyur 1 (under higher elevations).
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Fig 1. Hermaphrodite lowers (%o} dnring May - November in Pannivur 1 | —s—2003 Rainfall

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 allered:
drastically between May to November (Fig. 1) leading to female phase. The maxirum
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 sunshine hours rise from lowest in December to the peak in
May (DeWaard andZevan, 1969), High percentage of bisexual flowers is essential for
good fruit set. Hence, the shift’ towards female phase led to pollination failure and
spike shedding during Jnly, August and September. Fig. 2 shows the impact of light
on flower CcOmpositon: Though irrigation, variety, standard (support tree), age of the
vine and management wére mform, the gquantum of light availability made the
difference in the flower composition. In shaded condition (3,280 Lux), the drift
towards female statas #s pronounced and spikes comprised only 3.9% of
hermaphrodite ﬂowe;s as agamst 83% hermaphrodite flowers in exposed conditions

(10,000 Lux) and 8% i in ]mually shaded condition (6,547 Lux). The light availability
can be enhanced by proper. shade regulation of standards or shade trees in the
plantation during May—)uue for higher hermaphrodite to female flower ratio.

The data on ﬂowéit cqﬁjpositibn_Iin 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 ia all the nine locations. All the locations

were heavily shaded and this nught be the reason for the h1gher composition of female
flowers. :

Herm a-plir;od'i-te flowers j(“/%j).

Light (10000)

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 i
‘highly influenced by the weather parameters. In Panniyur-1, under high altitude and
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highty shaded conditions, the proportion of female flowers was observed to be higher
as compared to hermaphrodite flowers. The shift towards higher composition of
female flowers was, however, not pronounced in a few local cultivars such as
Karimunda, Thevanmundi, Chumula and Neeclamundi. The shift towards female
flowers and lack of effective pollination is one of the major reasons for spike shedding
among popular varieties such as Pannivur-1 in high altitudes.

Flushing in black pepper starts with pre-monsoon showers in May and maximum
flushing occurs during Tuly (Anandaraj, 2000). Each new leaf also subtends a spike.
When In-ease the pre-monsocon 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 summer showers and the monsoon rain
was also erratic. This had resuited in the production of more female flowers and
increased spike shedding especially in the variety Panniyur-1 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 1)



Table 1. Flowers sompositicn. (9%).of variefies/cultivars grown unider high altitiides
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Table 1. Flowers composition (%) of varisties/eultivars grow under high altitudes (contd)

Location : A“(i:::'de Rainfall Variety/ Hermaphrodité F-e:ﬁal'e Male
S MSL (mm/vear) giiltivar (%) (%) (%)
- Karimnunda 93 (71.81) 5 (287 0
5. Kodagu, Karnataka Balankotia 77 {50.35) 23 (13.30) 0
Katluvalti 61 (37.59) 38 (22.33) @57
Karevilanchi 12 (6.89) 1 Y ]
6. Kodagu, Karnataka 900 1800 Pariniyu-1 63 {39.05) 1 {0.57)
940 4300 Panniyur-1 9 {3.16) 0 '
7. Hassan, Kamataka Karimunda 83 {56.10) | b
8. Chickmagalur, o L ‘ R .
Karatile 1350 {300 Panfiyurl 6 (3:44) 94, (10.05) 0
9. Chickamagator, o . : RNy )
K&:;é:ﬁ aﬁg ar 1400 3200 Paonyurl e (1.78) 57 (71593} 0
1100 14500 Thevanmndi 82 =;g,s,m) 18 (1037)- 0 o
‘Neohanitindl 8% 16 (% { (6.5
AT T Véllanomban 76 0
10.1dukkd, Ketala Aimpisiyan 66, 2 (19)
Karjnuda. 85 0
3 i Painiyis] 34 {
T T Wt 1260 1500 Pannijurl 14 0
11 Tdukkd, Kerala Thevanmunli 7% 0
1300 400 Panniywr-1 & - Ele ¢
12.Nilgiels, Taiiiil Neidy. Chunials, s (34.06) 9 (L15)
OV (4] 6.85 17.20

(Figures within parenthesis are fransformed values)

1218 NI ‘(edodnua g

1m0l ] uo sadfiouany pug sIsjoele] 194183, JO [0y

eipuf w Iaddag yoejq 30 uonisoduoy)



YVenugopal, M.N. et al. Role of Weather Parameters and Genotypes on Flower
Composition of Black Pepper in India

A Bfack bepper splke, h,f _.male ﬂowers,




Venugopal, M.N_ et al. Role of Weather Parameters and Genotypes on Flower
Composition of Black Pepper in India

REFERENCES

Anandan, M. (1924). Observation on the habits of pepper vines with special reference to
its reproductive phase. In: Madras Agriculture Depaitment Year Book. Madras, 46—
69.

Anandaraj, M. (2000). Diseases of black pepper In: Black Pepper (Piper nigrum) (Eds
Ravindran P N), Harwood Academic Publishers, The Netherlands, pp 239-267.

Anon. (2009), Area and Production Statistics of Arecanut and Spices. Directorate of
Arecamut and Spices Development, Ministry of Agriculture, Calicut, Kerala, p 30.

Devasahayam. S., Anandaraj, M., Thankamani, C.K., Saji, K.V., and E. Jayashree. (2006).
Bilack pepper. In: Major Spices—Production and Processing, Indian Institute of
Spices Research, Calicut, pp 15-61.

DeWaard, P.W.F., and A.C. Zevan. (1969). Pepper. In: Outlines of Perennial Crop
Breeding (Eds Ferwarda F P & Wit F), H Vecman & Zonen N V, Wageningen, The
Netherlands.

Geetha, CK., and P.C.S. Nair. (1989). Studies on spike shedding in black pepper
(Panniyur 1). South Indian Hort. 37: 282-286.

Kurian, P.S., Joseph Rajkumar, A., Backiarani, S., and M. Murugan. (2000). Case study
of ‘Polle’” disease epidemic of black pepper in high ranges of Idukki districts. In:
Proceedings of 12™ Kerala Science Congress, January 2000, Kumily, Kerala.

Menon, K.K. (1949). Survey of Pollu (hollow berry diseases) and root diseases of pepper.
Indian J. Agric. Sci. 19: 89-136.

Nambiar, P.K.V., Pillay, V.S,, Sasikumar, S., and K.C. Chandy. (1978). Pepper research
at Panniyur—a resume. J. Plantn Crops 6: 4-11.

Ravindran, PN., Nirmal Babu, K., Sasikumar, B., and K.S. Krishnamoorthy. (2000).
Botany and crop improvement of black pepper In: Black Pepper (Piper nigrum) (Eds.
Ravindran P N), Harwood Academic Publishers, Amsterdam, The Netherlands. pp.
23-142. ’

Sasikumar, B., Krishnamoorthy, B., 3aji, K.V., Johnson George, K., Peter, K.V., and P.N.
Ravindran. (1999). Spices diversity and conservation of plants that yield major
spices in India. Plant Gen. Res. Newsletter 118: 19-26.

Wahid, P. (1984). Pengaruh naungan dan pemupukan terhadap pertumbuhan dan produksi
tanamanlada. IBP. Ph.D thesis, 201 pp.



