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Chapter |

Introduction

The Coconut palm, also known as t@ecos Nucifera. L is one of the most
fascinating and beautiful palms in the world. Eprical, literary and sculptural
evidence provide proof that coconut has served hitgngor more than three millennia.
The palm is looked upon with reverence and affactamd is referred to by such
eulogistic epithets as “Kalpavriksha”, tree of heravthe tree of abundance, nature’s
super market, king of palms and the tree of lifthe Tcoconut is believed to have
originated in Southeast Asia (Indonesia, MalayBiailippines) or Micronesia (Harries,
1977; Purseglove, 1968 and 1972). Coconut has taémated in India since ages and
plays an important role in social, economic anducal activities of the people. The palm
is amenable to both plantation and homestead maregeand it can be either a major
crop or a minor one in a homestead garden of mexeps. While responding favourably
to scientific management, the palm also toleratgigent farming to a certain extent.
Thus, it can adapt to the divergent farming sitwagiand management practices that are

prevalent in different agro-climatic regions.

The coconut palm is usually found near the seaamulys beaches where it can
tolerate salt spray and brackish soils. It is @sown under different soil types such as
loamy, laterite, coastal sandy, alluvial, clayeyd aeclaimed soils of the marshy low
lands. The ideal soil conditions for better growtid performance of the palm are proper
drainage, good water-holding capacity, and presenceater table within three metres
and absence of rock or any hard substratum witiwo neters of the surface. The
coconut palm can also grow well inland, within taldinal limit of 600 m to 1752 m in

the tropics. It requires an equatorial climatéwiigh humidity. A year-round warm and



humid climate favour the growth of cocontihe ideal mean annual temperature, which

can be tolerated by coconut palm, is around 2736 %47°C diurnal variation. The palm
does not withstand prolonged spells of extreme hegatlimate variations. A well-
distributed rainfall of 1300-2300 mm per annumieferred. It is known as a coastal tree
since it is grown along the Coasts and islands dgoeb not tolerate high temperature

range, that is the difference between the maximudhnainimum temperatures.

The Coconut palm tre€fcos Nucifera. L) is grown widely in the tropical areas
around the world. It is found in Asia, Central &oluth America and Africa. Coconut is
grown in more than 86 countries worldwide, witrotat production of 61 billion nuts per
annum (Asian-Pacific Coconut Community, 2010).Ha Asian continent, it grows well
in Indonesia, Malaysia, India, Philippines, Thadarsri Lanka, Burma and Cambodia

(Fig. 1.1).

..........

Fig. 1.1: Natural habitat of coconut

In Africa, this palm thrives in Nigeria, Kenya, Tzaamia, Ghana, Mozambique and
Madagascar. In North and South America, cocontmh®grow in abundance in Florida,

Hawaii, the Caribbean, Brazil, Mexico and Venezudlpbwever, Indonesia, India,



Philippines and Sri Lanka play a major role conttibbg 76.1% of the world’s coconut
production (Table 1.1). In terms of coconut pradity, India ranks first (7748 nuts/ha),
followed by Sri Lanka (7365 nuts/ha). The leastdpicivity is seen in Solomon Islands

(1695 nuts/ha) and Samoa (1935 nuts/ha).

Table 1.1: Area and production of coconut in thiéedent coconut growing
countries of the world (2008)

Area Production Yield

Country 000 hectaresShare (%)’ 000 nut: | Share (%) (nuts/ha)
Federated states of 17 0.1 40000 | 0.1 2353
Micronesia
Fiji 60 0.5 150000 0.2 2500
India 1903 15.6 1474400@4.1 7748
Indonesia 3799 31.2 1623500Q26.6 4273
Kirribati 29 0.2 131300 0.2 4528
Malaysia 115 0.9 390000 0.6 3391
Martial Islands 8 0.1 30300 0.0 3788
Papua new guinea 221 1.8 1101000 1.8 4982
Philippines 3380 27.8 1257300@0.6 3720
Samoa 93 0.8 180000 0.3 1935
Solomon Islands 59 0.5 100000 0.2 1695
Sri Lanka 395 3.2 2909000 4.8 7365
Thailand 247 2.0 11860090 1.9 4802
Vanuatu 96 0.8 307700 0.5 3205
Vietnam 141 1.2 760080 1.2 5391
Other Asian Countries 351 2.9 1043118 1.7 2972
Other Pacific Countries 104 0.9 37491( 0.6 3605
Other African Countries 641 5.3 2108150 3.5 3289
Other American Countrieg 505 4.2 6716824 11.0 1330
Total world 12164 100 61080382.00.0 5021

1.1 GLOBAL COCONUT POSITION

There has been tremendous expansion in area addgbian of coconut in the
world during the last four decades. The world catoproduction has grown steadily

over the period, at an estimated annual rate @rZent, with production accelerating in



the last twenty years: the trend growth rate fro®85Lto 2009 was 2.1 per cent per
annum, compared to 1.5 per cent for the period @@l to 1985. The production also

showed a steady increase in trend during the dagadier reference (Fig.1.2).
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Fig. 1.2: Decade - wise world coconut area, prtdao@and productivity from
1961 to 2009



However, during the period between 1971 and 1986ret was a declining trend in
productivity in spite of area expansion and steiadyease in coconut production. There
was an increase of 131.3 per cent in area and J#&0.dent in production while increase
in the productivity was not in tune with the aread groduction. In fact, there was a
negative trend (0.5%) in coconut productivity daddw productivity between 1970 and

1990.

1.2 COCONUT POSITION IN INDIA

India occupies the second position in the worlchvah annual production of 15
billion nuts. Our country with 15.6 % of coconutltivation land contributes to 24.1 %
of coconut production at the global level. There about 5 million coconut holdings in
the country with 98 per cent of such holdings ogtog below two hectares. The coconut
palm is grown in many diverse agro climatic zonésinalia, except sub tropic and
temperate regions. However, they are favourablypiadato the coastal agro Ecosystem
coastline of 8129 km and its Peninsular region kednby the Arabian sea on the West,
the Bay of Bengal on the East and Indian oceanhenSouth. Andaman and Nicobar
Islands in the Bay of Bengal and Lakshadweep Islandthe Arabian Sea are unique
inland eco-systems where coconut plantation is lidgown. The major coconut
growing States are depicted in Fig 1.3. The fowtlsern States put together account for
90.99% of the total coconut production in the couriKerala 36.89%, Tamil Nadu
34.11%, Karnataka 13.83%, Andhra Pradesh 6.17%otoedt States 9.01%). Among the
major coconut growing states, Tamil Nadu has tlghést productivity (13771 nuts/ha).
Tamil Nadu ranks first with regards to the expanstd area and productiomdigher
productivity in Tamil Nadu can be attributed to Isige of coconut farms under irrigated

conditions and better management practices on cocmhscale.
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Fig. 1.3: Major coconut growing States in India

While Kerala accounts for the largest productiorc@fonut in the country, productivity
of coconut in Kerala is 7365 nuts/ha, even below Al India yield of 8303 nuts/ha
achieved in 2008-09 (Table 1.2). The other cocqmoducing States in the country
include Assam, Goa, Gujarat, Maharashtra, Orisspauia, West Bengal, Andaman &
Nicobar Islands, Lakshadweep, Puducherry and NadalBroductivity-wise, some of
these states, viz., Maharashtra (8338 nuts/ha), t WRengal (12430 nuts/ha),
Lakshadweep (19630 nuts/ha) and Puducherry (146i€ha) performed better than

some of the major producing States.



Table 1.2: Area, production and productivity of aoat in India 2008-09

States/Union Area Production Yield
territories In 1000 haPercentag| Million | Percentage(Nuts/ha)
share (%)| nuts share (%)
Andhra Pradesh| 104.00 5.49 970.00 | 6.17 9327
Assam 18.80 0.99 147.10 | 0.94 7824
Goa 25.61 1.35 128.18 | 0.81 5005
Guijarat 15.98 0.84 157.42 | 1.00 9851
Karnataka 419.00 22.12 2176.00 13.83 5193
Kerala 787.77 41.58 5802.00 36.89 7365
Maharashtra 21.00 1.11 175.10| 1.11 8338
Nagaland 0.92 0.05 0.55 0.00 598
Orissa 51.00 2.69 275.80 | 1.75 5408
Tamil Nadu 389.60 20.56 5365.00 34.11 13771
Tripura 5.80 0.31 11.40 0.07 1966
West Bengal 28.60 1.51 355.50 | 2.26 12430
Andaman and
Nicobar Islands | 21.69 1.14 82.00 0.52 3781
Lakshadweep | 2.70 0.14 53.00 0.34 19630
Pondicherry 2.10 0.11 30.70 0.20 14619
All India 1894.57 | 100.00 15729.74.00.00 8303

1.3 COCONUT POSITION IN KERALA

Kerala State is located between 8°15° N and 12°3&tiNides and between 74°50E and
77°30°E longitudes (Fig. 1.4). The State of Keilialpopularly known as the “Gateway
of monsoon” over India. It is a strip of land rumg almost in North - South direction

and is situated between the West Arabian sea oWt and the ranges of Western
Ghats and Nilgiri hills on the East both runningghiel to each other. From the Western
Ghats, the State undulates to the West and preserdsries of hills and valleys

intersected by numerous rivers. On extreme WestStiate is more or less flat. These
characteristics demarcate the State into threegalategions viz., the eastern high lands,
the hilly midlands and western low lands. The clesngn the geographical and
topographical features due to man - made interoestiare likely to influence

atmospheric circulation altitudinally to a largeteax. It may be one of the reasons in



recent times for uncertainties in monsoon varigbdnd rainfall distribution over Kerala.
Kerala is blessed with tropical rain forests, rlmbdiversity and has many rivers and
streams and is spread in 13 natural agro-ecologicaés. Agricultural production in

Kerala is still dependent or
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With coverage of 8.2 lakh ha, coconut occupies 88gent of the net cropped
area and provides livelihood to over 3.5 millionrmfes in Kerala. The productivity
levels in Kerala are lower than other major prodgcstates. Unlike other commercial
crops grown in the country, coconut is essentiallgmall holder's crop. It is grown
mostly in homestead gardens with small holdingseurrdinfed conditions. In Kerala
State alone, there are about 2.5 million holdinysiong the 14 districts in Kerala,

Kozhikode ranked first (851 million nuts), followdry Malappuram (832 million nuts)



and Thrissur (575 million nuts) in terms of cocomutoduction. In the case of
productivity, Malappuram (7944 nuts/ha) stood fifgllowed by Thiruvananthapuram
(7755 nuts/ha) and Thrissur (7038 nuts/ha). Kozathekdalappuram and Kannur districts

share 38 per cent of the coconut area (Table 1.3).

Table 1.3: Area, production and productivity of aoat in Kerala 2007-08

Districs A Percentage (ORIRCRT Percentag Productiy
hectares nuts)

Thiruvanathapuram72473 8.85 562 9.96 7755
Kollam 58575 7.15 378 6.70 6453
Pathanamthitta 17903 2.19 107 1.90 5977
Alappuzha 43976 5.37 301 5.34 6845
Kottayam 35226 4.30 205 3.63 5820
[dukki 19925 2.43 72 1.28 3614
Earnakulam 49412 6.03 292 5.18 5909
Thrissur 81697 9.98 575 10.19 7038
Palakkad 60393 7.38 422 7.48 6988
Malappuram 104731 12.79 832 14.75 7944
Kozhikode 122929 15.01 851 15.09 6923
Waynad 12292 1.50 45 0.80 3661
Kannur 82223 10.04 554 8.82 6738
Kasaragod 57057 6.97 445 7.89 7799
Kerala State 818812 100.00 5641 100.00 6889

But it is interesting to observe that despite ti@dence of the dreaded disease (root wilt)
in the southern districts of Kollam, Alappuzha, tayam, Ernakulam, Idukki and
Thrissur, the per palm productivity in these didtihas been consistently on par with
that of the disease free northern districts of Mplaam, Kozhikode, Kannur and
Palakkad. It could be attributed to uniform distitibn of rainfall towards the South when
compared to that of northern districts of Keralawliproductivity in Kerala is attributed
to several factors, viz., high rainfall during moaoa. insignificant rainfall in several parts

of Kerala during summer months, lack of irrigatiduring summer, poor nutrient status
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of soils, lack of agronomic practices, prevalenéedieaded root wilt disease in the
problem zone of Kerala, incidence of stem bleedmgorthern zone, of late attack of
coconut mite and bud rot and the farmers™ reluetancapplication of fertilizers due to
uneconomic price offered to coconut growers. Iditgh, it is mostly grown under
rainfed conditions. The seasonal and annual variatin coconut production is mainly
attributed due to dry spells within the monsoon a&wmil moisture deficiency from
December to May, if pre - monsoon showers fail,althis not uncommon in the humid
tropics under rainfed conditions. The severity@f moisture deficiency is more towards
northern districts of Kerala due to uni- modal higinfall, followed by prolonged dry
spell for four to six months. Of course, the sodisture status depends not only on soil
type but also on topography, which is a significdeature in Kerala as coconut
cultivation is seen in low land, mid land and hifginds. The decline in coconut
production in Kerala during 1983 - 84 was 18% dudisastrous drought during summer
1983 and 7.1% in 2002-03 depending upon the sgwefrithe soil moisture stress (Fig.
1.5). Summer drought during 2004 also adverselgcéffl coconut yield to some extent

over Kerala.
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1.4 INSPIRATION FOR PRESENT STUDY

Salter and Goode (1967) in their review sum up phbsition with regard to
coconut by stating that “with so great a time lapséween the initiation of leaf and
inflorescences primordia and flowering and with marher inflorescences in various
stages of development present at the same tintegsitbeen found difficult to relate
accurately growth, flowering or yield responseany particular climatic condition.” The
present investigations are to elucidate the resgpohwarious biotic events like the leaf
and spadix characters of coconut to seasonal amdheraberrations. In the case of
coconut, there exists a long reproductive phasethoée-and-a-half years from
primordium initiation to nut harvest in coconut.ndat any point of time, all the growth,
development and reproductive characters like fonelileaves, inflorescence, spathe and

spadix openings, button shedding, tender nutsigeded nuts are noticed in coconut.

In view of the long duration (44 months) betweea phimordium initiation to nut
maturity, the occurrence of dry spell or wet spellany season/year would affect the
yield for the subsequent three to four years. Rmgatgt al., (1996) observed that the nut
production under rainfed condition is influencedrsiicantly by the length of dry spells
at critical stages and the dry spell during thenpridium, ovary development and button
size is crucial for the production of nut yieldt id also reported that nut production can
be sustained at relatively high by giving life sayirrigation during the summer months.
Kumaret al., (2007) reported that longer dry spell affects it yield for next four years
to follow with stronger impact on fourth year, spective of the total rainfall. Since
coconut has long reproductive phase, it is a compleenomenon to assess the critical
stages which are affected due to soil moisturesstor excess under field conditions.
Therefore, there is a need to understand the ttters between the occurrence of dry
spells/wet spells and their effects on various tgraent stages of coconut under the

rainfed conditions.
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In order to study the leaf and spadix phenolofiycaconut, evolution and
development of the leaf, inflorescence and femlaledrs during different seasons of the
year have to be traced. The effect of seasonabrfacn the yield of perennial crop like
coconut cannot be easily assessed unlike in treeafasnnual crops. In annual crops, the
effect is manifested immediately or during courdettee year while in the case of
perennial crop like coconut, the effect on floratlayield characters is discernible only
after some time lag. The effect of a particularsseaon phenological characters of
coconut may be noticed in the same season or folppvgeason due to prolonged
reproductive phase. At present, the informationtlo® above aspects is seen in the
literature mainly based on the data generated leet\i820s and 1960s from the northern
zone of Kerala. The work was mainly based on te®iut grown at Pilicode, Nileshwar
and Kasaragod (formally known as Nileshwar I, Iddi), having various soil types
along the West Coast with marine climate dominatmdfasaragod district of Kerala.
Probably the response of coconut may be differfeiiei data on biotic events of leaf and
spadix phenology of coconut is generated systeaibtim varied climates and studied in
detail. To understand the phenology of coconuttesyatic weekly observations on
various biotic events of coconut for longer peri@ie required, say for a period of at
least five years. Therefore, a field experiment waslertaken under AICRP on
Agrometeorology from February 2002 to June 2002 &kperimental site was located in
Seed Production - Cum-Demonstration Farm, Cocorye®@pment Board, Vellanikkara
(1 31'N and 74 13'E). Presently, it is under the control of CahtNursery, Kerala
Agricultural University, Vellanikkara. The informah generated on coconut phenology
could probably be used in crop improvement and mament programmes.

As mentioned in the preceding paragraphs, cocpraduction is vulnerable to
weather vagaries such as floods and droughts. ffbet @f drought is much more felt

where the coconut gardens are grown under rairdaditons. Also, there is a lag period
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between the seasonal effects and final coconutustamh since coconut has a long
reproductive phase. The coconut gardens experipralenged dry spells or droughts
during the summer if rain fails during the northeamnsoon period. The failure of
northeast monsoon is not uncommon in northernidistof Kerala, which will adversely
affect the coconut production to a large extens. réported, the frequency of occurrence
of such weather events like floods and droughtsnateuncommon under the projected
climate change scenario. Therefore, there is neeshderstand not only the phenology
of crop but also the yield pattern with referenceclimate variability and change under
rainfed conditions. Keeping the above aspects @éwyithe present study was taken up

with the following objectives.

1.5 OBJECTIVES
+«+ To study the seasonal and weather effects on @ogats of coconut
+«+ To examine the phenological phases which influgheeoconut yield
+ To study the effect of droughts on coconut yield
+ To study the impact of climate variability and cgaron coconut production and
productivity

+«+ To develop models for predicting coconut productiorthe State of Kerala

The information generated on coconut phenologyldcdee used in crop
improvement and management programmes for the ibesfethe coconut farmers of
Kerala. This is the first attempt to understandéfiects of climate variability and change
on coconut productivity under field conditions. Thmdels developed can be used for
estimating coconut production in the State of Kardlhis will help in formulation an
appropriate export import (EXIM) policy of coconahd market regularization for the

benefit of coconut producers and consumers.
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Chapter Il
Review of literature

The reproductive phase of coconut takes about 4#thmp starting from
primordium initiation to harvest unlike other penél crops. Aberrations in weather
during the development process of spathe will aftee final nut size, yield and oll
content. Among the weather variables, air tempesatimaximum and minimum),
rainfall, rainy days, relative humidity, vapour gpsere deficit, wind speed and sunshine
hours are found to have direct effect on the cnapvth and yield. Though the literature
on crop weather relationships of coconut is scafttalies on the effect of rainfall on crop
yield have been attempted by several workers in amdide India. It is also an
established fact that rainfall distribution aloreaetermine the yield to a greater extent.
In this chapter, the literature available on cropather relationship and phenology of

coconut has been briefly reviewed.

Abeywardena (1955) reported that weather parasefadifferent months of an
year did not contribute to the yield of next sustes years production to the same
degree because in the cycle of development of les¢here are certain periods (phases)
which are extremely susceptible to weather. Marar Pandalai (1957) in a study opined
that it was not possible to explain the influentseasonal changes in terms of individual
weather parameters. Nambigral., (1969) distinguished three distinct phases oft frui
development. The first phase of slow progressivtr is for about three months after
fertilization, followed by the next phase of ragidwth for about four months and finally
the rapid decline in growth rate in about two meantfihey observed that the rate of
growth during the second phase of development ghiyicorrelated with the final
volume and weight of unhusked nut and copra contémy weather aberration

coinciding with active period of development withaersely affect the rate of growth and
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final size of the nut and copra content. Rao andr KEO86) observed a negative
relationship between heat units (which is a functid temperature) during the second
phase of development (4-7 months after fertilizgtiand husked nut weight. There was
a marked decline in nut size from July to Decenberesponse to an increase in total
heat units, indicating that the total heat uniteva2100 day® C were not congenial for
nut development. According to Abeywardena (19%19,yield variations due to weather
factors are more pronounced in coconut than inrdtee crops, the reason being the long
reproductive cycle of coconut obviate from vagaries weather in its external
manifestations. Bagt al., (1988)in their study on effect of weather variables arest
development in coconut showed that when the palme vexposed to environmental
situation wherein the radiation was around 265 Y/remperature 33°C and VPD 26 m
bars, the stomatal closure set in. Thus the saamfie of both soil moisture level and

agrometeorological parameters on stress in codmsibeen understood.

Nair and Unnithan (1988) studied the influence @hsonal climatic factors on
coconut yield in different lag periods. The mosportant climatic factors influencing the
annual yield of coconut were sunshine hours, ewjmor and relative humidity.
Sunshine hours and evaporation showed a positirelaton with yield while relative
humidity showed a negative correlation. Rainfaldl amumber of rainy days did not shed
much light on the pattern of influence. Vijayakunsral., (1988) in a study of the
relationship between 11 weather variables and adcgields, identified 7 lag periods,
which corresponds to various growth stages. Amegvariables selected, rainfall had
positive influence consecutively on five of the eevag periods, while temperature and
relative humidity had their influence on two ordhbrlag periods. Peirig al., (1995)
showed that past studies on the agroclimatologsalects of coconut have not been
addressed adequately and were not able to explaigi¢ld variation between and within

years. This is mainly due to the perennial natureéhese crops having a prolonged
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reproductive phase of 44 months (From the initratwd the inflorescence primordium to
full maturity of the nuts). The effect of climatacaweather is evident at all stages of the
development cycle and this affects the productibnuts. Further, the analyses of the
effect of climate on yield are complicated by thghhvariability of, and interrelationship

between, the climate variables.
2.1 EFFECTS OF WEATHER ELEMENTS ON COCONUT
2.1.1 Rainfall

Copeland (1931) reported that a mature coconut pates as much as 6-16
gallons of water daily by transpiration. It wascaleported that it is the distribution
pattern of which is more important than the quantfmmainfall. Park (1934) observed
that a severe drought lasting for 8 months affetiedcoconut palm even two years later
after the cessation of drought period. Patel andmélan (1936) pointed out that yield in
particular year was influenced by the January talAgin during the years of harvest and
preceeding two years. In another study, Patel (L98&erved that primordia of
inflorescence get aborted due to drought in Kasatadlenon and Pandalai (1958)
noticed that a period of drought occurring 15-1énthe before opening of inflorescence
leads to abortion of spadices. Abeywardena (1968gwed a harmful effect of heavy
rainfall during southwest monsoon (Sri Lanka) cagshigh relative humidity, low
temperature and low insolation. He observed thabrots are more moisture sensitive in
the period from May to August than in the rest loé tperiods. It assumed a wide
variation in moisture sensitivity in the other tvperiods. From January to April no
harmful effect due to heavy rainfall was obserwgdereas in the period from September
to December it clearly indicated that any rainfall excess of 355mm/month was

extremely harmful to the crop as temperature isdod humidity is high.
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Cooman (1975) observed a negative correlation letvireit set and accumulated
water deficit over 5 months, one year earlier. Waatuded that influence of water
availability period on fruit set was the highesthe period between the appearance of the
flower primordia and the ovary differentiation. R§b982) attempted to find out a
relationship between the annual coconut yield amdfall trend in Pilicode region of the
northern Kerala using twenty years moving averafee study indicated that high
rainfall during monsoon as well as the absence ref gnd post monsoon showers
adversely affected the subsequent years™ cocomld.yBeyond a certain maximum
rainfall, the precipitation may not be useful andrease in yield may not be manifested
in coconut according to Thampan (1982). Vijayaragimeet al., (1988) were of the
opinion that very high rainfall interferes with pohtion thus affecting the nut yield.
Varghese and Kunju (1988) reiterate the fact thatsoon rainfall and the first and third
annual nut yields exhibit significant positive adation in the backwater areas of

Kuttanad.

Rainfall during March and May three year prior tarfest of coconut had a
positive contribution to yield, whereas rainfallrohg January and November had a
significant negative influence. As such, the monthinfall during the rest of the months
was found to have no significant influence on catdgeroductivity (Babuet al., 1993).
In the dry intermediate zone, Peiris (1993) obsrikee influence of rainfall in two
monthly sub periods in the year prior to harvesttiom coconut. The most influential
period is January and February and least influep&gaod is July to August. The rainfall
during May - June has a depressing effect and aihimf excess of 450 mm was not
utilized by the palm. High rainfall during Septemb®ctober has discernible effect while
high rainfall during October/November showed sigiaint effect to the palm. Rajagopal
et al., 1996 studied the impact of dry spells on theogeny of coconut fruits and its

relation to yield. The study indicated that the@uat production under rainfed conditions
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is influenced significantly by the length of dryedis at critical stages and the availability
of adequate moisture in the field on primordiatiation, ovary development and button

size nut in that order are most crucial for thedpiction nuts.
2.1.2 Temperature

This is another important factor, which has praofdinfluence on the distribution
and performance of coconut palm. Infact it is temagure that sets a limit to the latitude
and of altitude up to which coconut can be sucodigstultivated. The coconut palm
likes equable temperature of neither very hot remy\cold. The optimum mean annual
temperature for best growth and maximum yield vasmél around 26-27°C and with a
diurnal variation of 7-8°C (Marar and Pandalai, 8P5According to Child (1964), the
ideal mean annual temperature is usually put atrat@7°C, and the average diurnal
variation between 5° C and 7 °C. Low temperatussrss to be more limiting than high
temperature. Louis and Annappan (1980) obtaineegative correlation of the yield with
temperature and relative humidity. Thampan (19&1)nél that yield of coconut was
reduced if the average minimum temperature waswb@#C. Vijayaraghavan (1988)
reported that mean minimum temperature during eaghmonsoon in Tamil Nadu and
winter season were low and very low respectivelye fiut yield was also low and very
low during the above seasons. Between the southmessoon and summer season
period when the minimum temperature was high (adc®@C) the nut yield was higher

during the above period.
2.1.3 Relative humidity

Relative humidity is one of the factors determinithg transpiration rate and
consequently the water and nutrient uptake by #lenpEven in the case of sufficient

water supply from the soil, low ambient relativerhdity may induce stomatal closure in
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the palm thereby reducing its photosynthetic cdapa€opeland (1931) observed that
relative humidity obviously related to rainfallm@erature and insolation should be such
as to permit the most active transpiration with plaém suffering from loss of water. He
had established that cloudiness arrests rate n§gnation considerably. According to
him the prevalence of high humid conditions thraughare not favourable for the palm.
He opined that humidity reduces transpiration ahdraby reduces the uptake of
nutrients. Marar and Pandalai (1957) cited thaboat palm likes a warm humid climate.
High temperature and high relative humidity perh&éyse an intense effect on the
pollination system of the coconut palm (Louis andnAppan, 1980). In general, the
relative humidity and temperature played an impurteole during the ontogeny of

inflorescence and nut development in coconut (Ku209).

2.1.4 Insolation

Sunshine is another important weather factor affgahe biological function
and photosynthetic activity of the plants. Copelél@B1) made an extensive observation
on the effect of sunlight and transpiration, whicfiuence the vital growth process in the
plant. He established that cloudiness arrests #te of transpiration considerably.
Wickramasurya (1968) observed that spadix initra@md production of coconut in Sri
Lanka are greater in March - September, when aeedlag length is greater than during
the rest of the year. Cooman (1975) observed aiymsorrelation between the rate of
insolation 29 and 30 months before harvest andetimale flowers produced. Rabal.,
(1995) reported that percentage decline in nefatiai (around 30 per cent) was high
during the southwest monsoon season when comparesummer. The potential
photosynthesis may be reduced during the rainyoseas the decline in solar radiation

and net radiation was significant. De Wit (1965% he@ported that there could be 50 per
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cent of reduction in potential photosynthesis wttenlight intensity gets reduced to only

20 per cent of the intensities on clear days irtribygical areas at 10° N.
2.1.5Wind

According to Copeland (1931) the effects of windtbe coconut palm depend
upon soil moisture condition. Strong winds are desirable as they do considerable

damage to coconut plantation. It is more so inctse of surface planting.

2.2 PHENOLOGY OF COCONUT

The effect of seasonal factors on the yield of peia crop like coconut cannot
be assessed unlike in the case of annual croparinah crops, the effect is manifested
immediately or during the course of the year wheiieathe case of perennial crops the
effect on yield characters is discernible only mfseme time lag. The effect of a
particular season noticed may be due to the delaffedt of earlier seasons. This is due
to particular growth characters of the perenniapciThe evolution and development of
inflorescence of the palm has been traced by Ra&38). The primordium of the
inflorescence is reported to develop in the ledisaabout 32 months before the opening
of the inflorescence. The primordia of the brancbiefiorescence develop in about 16
months and male and female flowers in about 111#hchonths respectively before the
opening of the inflorescence. The ovary is firgtedentiated about 6-7 months before the
opening of the inflorescence. Seasonal factorsgiiey during the developmental stages
during the period of 32 months before the infloezse opens do affect the yield of nut.
Louis and Annappan (1980) revealed two allied fictme is that the inherent nature of
the individual or group of palm for higher and laweeld of nuts remain constant, inspite
of the uniform treatment received by all the palfise factor is that all the palms are
being influenced by the environmental factors peztive of their potentiality to yield.

The study showed that the number of nuts harvegstegalm during April - May (second
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half summer) is significantly high and distinct Yehiow during the first half of southwest

monsoon (May-June).

2.2.1 Seasonal variations in functional leaves and leaf shedding

The rate of production of leaves is the lowest myrsummer and most rapid
during September-October (Patel, 1938). Sampso@3]18tates that the rate of leaf
development slows down during the rainy seasomal$ also pointed out that more
leaves fall from the tree during the rainy seas@mtin the dry weather due to the moist
atmospheric conditions, favouring the growth of thmgus Pestalotia palmarum.
However, his observation was not in agreement with observations made by Patel
(1938) who observed that the shedding of leavdBadeast in the southwest monsoon
when compared to that of hot weather season. Aieoshedding of leaves varies from
season to season depending upon locality. It veasp@minted out that it is not possible to
say whether the variation in seasonal leaf sheddimigie to the differences in the age of
palms or soil conditions. Marar and Pandalai (19%ported that coconut leaves are
produced at shorter interval during November to dddmer than the other parts of the
year and shedding of leaf was found influenced &gsen; being least in southwest
monsoon season. Kutty and Gopalakrishnan (19919rtespp that the morphological
characters like number of leaves retained by tta,dangth of leaves, length of petiole,
number of leaflets per leaf and girth of stem dlaceegion had positive correlation with
yield and it was also stated that the periodicityeaf emergence computed in terms of
number of days elapsed between two successive desrgence had a negative

correlation with yield.
2.2.2 Spadix emergence

Patel (1938) reported that the opening of bunckegery low during October,

November, December and January while high duringcMaApril and May. The interval
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between the successive spadices appears to redmeagarne for the main seasons even in
different years. It varied between 27.8 and 33 ysdmetween Kasaragod and Nileswar-I,

respectively. This is mainly due to the fact thed trees at Nileswar-I are very young.

In coconut palms that come to normal bearing stagery leaf axil will normally
produce an inflorescence (spadix). Larger numbespafdices are produced in the hot
weather season than in the other seasons or #rwahin days between the opening of
successive spadices was the least in hot weathsorsevhen compared to other seasons
Marar and Pandalai (1957). Menon and Pandalai8jl8bserved that the production
rate of spadices was dependent on the rate of ptiodwof leaves. Aboutl1-15% of total
number of spadices produced during a year emengeésgdthe month of March, April
and May. Bhaskaran and Leela (1983) reported gpatlix production was maximum
during hot weather period in Tall x Dwarf and W roduction of spadices and female
flowers in WCT x CDO hybrid was high during Marchapand absent during October-
December. Kalathiya and Sen (1991) observed higantit yield was found significantly
and positively correlated with number of spadixdueed and duration of female phase
whereas number of leaves produced and length afixsgxhibited significant positive
correlation with number of spadices. It is, theref suggested that the number of leaves,
spadix production, length of spadix and duratiofeofiale phase should be considered as
selection criteria for nut yield improvement in ooat variety ‘Dwarf Green’. Sreelatha
and Kumaran (1991) observed that the spadix emeegeas observed to commence by
early January and it gradually increased, reachipgak in the middle of March with a
total of 29 spadices in the population studied miyithe standard week from™o 18"
March. Thereafter, the production decreased sloaryg attained zero by the next
October. Vanaja and Amma (2002) reported that mamirnumber of spadices and
bunch production were noticed during summer mo(ittech to May). While it was low

during post monsoon period (October to Decembepith Komadan and WCT.
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2.2.3 Female flower production

Marechal (1928) reported that female flower productwas high from
November to March in dwarf palms in Fiji. The numioé female flower production in
different seasons may be due to the differencéseamumber of spadices opened during
periods (Patel, 1938). Marar and Pandalai (195%@dthat number of female flowers in
general, is more in the inflorescences that aredywred in the hot weather than in other
seasons of the year. Shylashjal., (1991) observed that Komadan mother palms were
found significantly superior in girth of stem, nuentof fronds, number of bunches per
palm, number of female flowers per spadix, peragntaf fruit set and annual nut yield
per palm when compared to that of the West Coalt Maximum number of female
flowers was produced during the summer months (M&tay) and minimum during
winter (Rao, 1988). Vanaja and Amma (2002) repotted about 62 per cent of annual
female flower production was observed during hoather period (February to May).
According to them, female flower production per digawas found maximum from
September to February and minimum from May to Jolpoth Komadan and WCT.
Ratnambalet al., (2003) noted that maximum number of female petidn in tall
varieties was from April to June. Samasdta.l, (2009) observed that the highest number

of female flower production was during the monthvaty.
2.2.4 Seasonal variations in spathe emergence

Vijayaraghavanet al., (1993) studied the seasonal variations in thathgs
produced. It indicated that the reproductive phases much active from April to
September during which period 65-70 per cent otises were opened. The traditional
tall (ECT) had two peaks, one during March and dtieer during August. Among the

dwarf types, Malayan Yellow dwarf (MYD) and Malayd®reen dwarf (MGD) had
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single peak during August while Ayiramkachi (AY)ctavo peaks during August and

June. However, the rate of spathe production &yliko differ in different agroclimatic

regions depending upon various environmental factor

2.2.5 Button shedding

Shedding of button or female flower in an infloresce is a common
phenomenon in coconut and has great economic lgeanirthe yield of coconut. Gadd
(1923) reported that water deficiency affected ooly the setting of nuts in coconut
plantation but also resulted in severe sheddingut$ especially after prolonged period
of drought and particularly after the onset of rératel (1938) reported that shedding of
button is high during August, September and Noverabd slightly less during the other
months. There does not appear any relationshipdegtihe shedding and rainfall and the
drought. It is generally greater in dwarf thartali palms, and varies from year to year
within a variety. Gangollt al., (1956) showed that nearly 70% of potential nutsewe
lost within the first month after fertilization. leontrast, Abeywardena and Mathes
(1971), working in Sri Lanka showed that only ab@d4€6 of potential nuts were lost
within the first two months after fertilization, bthat 40% was lost during the third and
fourth month and further 2% during the fifth and saonths after fertilization, leaving

only about 33% of initial nuts at the time of hastie

Shedding is found to be high in southwest monsaasaen and low in cold
weather (Marar and Pandalai, 1957). During heavgfath pollination is hampered
which eventually depressed the yield during Novenibecember of ensuing year (Davis
and Gosh, 1982). Rao (1988) highlighted that iémsity of rainfall is high, the button
shedding is also high. It is probably due to laElpallen and pollinating agents during
the heavy rains as well due to waterlogging in cot@ardens leading to physiological

drought, resulting in hypodermal thickening up be troot cap reducing the area of
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absorption of nutrient from the soil. The studyoaladicated a significant correlation
between button shedding and minimum temperatur@o dhd Nair (1988) reported that
83% of nuts from inflorescence that opened during southwest monsoon (June-
September) were shed but only 39% of those thatexpeuring the winter (December-
February). Shedding of button or female flower im iaflorescence is a common
phenomenon in coconut and has great economic lgearirnthe yield of coconut. The
physiological reasons for shedding of button nuis for immature nut fall are discussed
by Sudhakara (1991). Sudden alteration in soil tatpre and soil moisture leads to
heavy button shedding and immature nut fall in cot@¢Karunanithiet al., 2002). Baiet

al. (2003) reported thabutton shedding have two peaks in all the varigtie® during

summer month and other during monsoon. The stusly mdicated that shedding of

buttons is directly related to the number of fenflde/er production.

2.2.6 Coconut Yield

The highest yield at Kasragod is generally obtainelllay, during the summer,
and the lowest in October during the northeast momgVasudevan and Satyabalan,
1959). Abeywardena and Fernando, 1963 reportadrttari Lanka the highest yield is
generally obtained in May and June, during the lsgast monsoon and the lowest in
November and December. Distinct yield variationgehbeen recorded in coconut tracts
with high temperature, rainfall, and relative huityid Bhaskaran and Leela (1976)
reported that low and erratic rainfall had gre&iuence on yield. They also reported that
soil moisture plays a major role in the developmaend production of spadix which
reflect on the final yield. However, heavy and tbmmous rain and wind had antagonistic
effect on pollination and fertilization. This rewulin poor yield in the corresponding
harvest. Marar and Pandalai (1959) reported thiatvieather rains followed by dry spell

reduced the yield due to immature nut fall. Henoypils and Annappan (1980) studied the
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environmental effects on coconut yield and reportieak high temperature, rainfall,
relative humidity and high wind had significant mggative correlation with the yield of
nuts. They recorded significant difference in yieldring the four seasons of the year
resulting in the major and minor harvest. The anyiald of the palm is subject to
considerable fluctuations principally through wesatlaberrations. Marar and Pandalai
(1957) reported that hot weather season accountadee than a third of the total period.
The nuts harvested in hot weather season showoatdr superiority except in the
percentage of oil when compared to the nuts hasdest the other seasons of the year.
Oil content is somewhat more in the nuts harvestedortheast monsoon and cold

weather seasons.

2.3 IMPACT OF DROUGHTS ON COCONUT PRODUCTION

Park (1934) observed that the severe drought exqpeed in 1931 in Puttalam
district of Sri Lanka affected nut yield for abomo years, with the maximum effect
occurring about 13 months after the end of the ghbuThis was confirmed by Rao
(1986) who showed that the effect of drought onyield was high between the eighth
and twelfth month after the drought. Informatiamtbe effect of drought on nut yield is
scanty. Rao (1985) attempted to classify the efééatirought by calculating ‘aridity’
indices - based on rainfall, pan evaporation arel Wwater balance parameters. He
reported that drought effects of adult palm areattarised by bending of leaves, wilting
in lower whorls, reduction in female flowers, shedgof buttons, immature nut fall and
drastic decline in nut production. Rethinam (198/8p reported the drought management
in coconut gardens. Rao (1988) used the “index oistare adequacy ), based on
ratio between actual and potential evapotranspmdtr assessing the drought affects. He
showed that nut yield exceeded 45 nuts/palm/yea@nvthe Ima in the previous year was

greater than 30% while the nut yield was less tB@muts/palm/year when it is 15%.



27

Mahindapala (1984) suggested that, in generaldyiglould be unsatisfactory if a dry
spell exceeds 90 days for tall varieties or 75 dayslwarf varieties. Kumaet al., 2007

studied variations in nut yield of coconut and dpgll in different agro-climatic zones of
India in detail. He reported that in view of thendpduration (44 months) between the
inflorescence initiations to nut maturation, thewtence of dry spell in any one year
would affect the yield for the subsequent thredotr years. It can be inferred that the
longer dry spell affects the nut yield for next fgeears to follow with stronger impact on

fourth year, irrespective of the total rainfall.

2.4 COCONUT YIELD FORECASTING MODELS

The influence of weather parameters on crop praoluctaries differently during
various stages of crop growth and development.eiltent of weather influence on crop
yield depend not only on the magnitude of weatlarables but also on the distribution
pattern of weather during the crop season. The ciugvelopment from
sowing/transplanting to harvest responds to enwmemal fluctuations that are
predominantly weather-induced. The important weathariables, which drive crop
growth and its development are rainfall, solar atidn, vapour pressure deficit,
maximum and minimum temperatures. It is understthad the effect of the driving
forces (weather elements) on crop development lyindécides the total dry matter
production under homogeneous environment. To giyattie crop weather relationship,
the necessary tools should be through crop - weatioelelling. The forecast of crop
production before harvest are relevant for varipaBcy decisions relating to storage,
distribution, pricing, marketing and import-expepdlicies. The incidence and severity of
insect pests and diseases are one of the majoeabtiseduction in crop yield which is
also dependent indirectly on weather variables.r8fbee several weather relationships

are used in forecasting crop yield. Only thinghattthe crop weather model cannot be
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applied in all agroclimatic zones for operationaignse. They are more location specific.
Hence, reliable and timely forecast for a givenpcin a particular location provide
important and useful input for proper, foresightedl informed planning, mores so, in
agriculture with full of uncertainties. Agricultuie now- a- days has become highly input
and cost intensive. Under the projected climatengbhascenario, forecasting of various
aspects relating to agriculture has become mucle mbevant as a part of climate change
adaptation. Baier (1977) classified the crop weathedels into three basic types and
they are as follows:

1. Empirical statistical models

2. Crop weather analysis models

3. Crop growth simulation models.

The most commonly used model in crop forecastirggripirical statistical models. In
this approach one or several variables (repregemtgather or climate, soil characteristic or
time trend) are related to crop responses suchiedd. yWeighting coefficient in these
equations are by necessity obtained in an empimcahner using standard statistical
procedure such as multi regression analysis. Slewsrgirical statistical models were
developed all over the world. The independent Wem included weather variables
agrometeorological indices, and soil and crop dttarestics or combination of all the above.
This statistical approach does not easily lead rtoemplanation of the cause and effect

relationships, but it is very practical approachtfee assessment or prediction of crop yields.

In contrast to the empirical regression models, doent Agricultural Weather
Information Centre employs therop weather analysis models that simulate accuedila
crop responses to selected agrometerorologicadhas as a function of crop phenology.
Observed weather data and derived agrometeorologacables are used as input data.

Such model does not require a formulated hypothedisthe basic plant and
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environmental process; thus, the input data remergs are less stringent but the output
information is more dependent on the input dat&r&lore, crop weather analysis models
are practical research tools for the analysis op aresponses to weather and climate

variations when only climatological data are ava#a

A crop - growth simulation model may be definechagmplified representation of the
physical, chemical, physiological mechanisms unegl the plant and crop growth
processes. These models simulate the day-to-damikd®on of photosynthetic material
based primarily on the exchange of energy and rmaagmg the various growth processes
taking place in a plant. Such models are very cempind require the knowledge of both
biological and meteorological environment. They aseful for studying the physiology of
crop growth and development. Unlike empirical statal model, a simulation model
demands large quantum of information with respednteraction of soil-plant-atmosphere
continuum and predicts numerous parameters of mraguction. Crop simulation models are
not the total alternative to field experimentatidmyt it reduces the cumbersome field

experiments considerably.

Once the crop simulation model is validated or dsadized for a particular
crop/variety under a given environment, a lot ddrmation on crop growth and productivity
as influenced by weather parameters, fertilizersgation and soil parameters can be
generated within hours. The simulation models camegate information on different crop
management and cultural practices age of seedlings, optimum plant population, sgacin
time of fertilizer application and its dose, numlmérirrigations required during the crop
season and yield expected in a given weather gitug trial on time of planting of a variety
or selection of a variety suitable for a locatioequire at least three years of field
experimentation. In contrast, a validated model gae precise information on the above

aspects in no time. Thus scientists can reduceflagronomic trials and save their time and
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energy if the simulation models are tested andlagdd. Simulation provides the insight into
crop weather relationships, explain why some factmmre more important for yield than
others, suggests factors likely to have statissaghificance and provides the basis for new
experiments on processes which are apparently tapdout not yet sufficiently understood.
Thus the simulation approach does not replacetétistical approach, but complementary to
it.

Weather variables play an important role in detamg the coconut palm growth,
development and vyield. The influence of weathercononut yield in fact starts from
inflorescence initiation and lasts till nut matur{Rajagopakt. al., 1996). The time lag
between inflorescence initiation to nut maturityalmost 44 months. The coincidence of
critical sensitive biotic events of coconut withfavourable weather results in drastic
decline in nut yield. Prediction of coconut yieklaf vital importance for policy makers
and it is a challenge to researchers since it hpsolonged reproductive phase. In a
perennial crop like coconut, the yield responseéather variables is cumulative and not
sporadic as the spadix formation is a continuoosgss within the coconut palm. Hence,
studying the effect of a particular weather vagabfithout giving adequate cumulative
weightage will not be proper and scientific sindee tcoconut palm has prolonged
reproductive phase. It takes one - and - a- halfs/éor the tip of a leaf to emerge in the
crown. After a leaf becomes visible, it requirédeast six months for the production of
flowers. The production of the fruit may requireottrer nine months (Menon and
Pandalai, 1960). Thus, under the natural conditiagnsvill take two years and nine
months before an input response is visible in tieelyction of mature nuts.

The coconut is a perennial crop and it has a pgadrreproductive phase of 44

months from the initiation of inflorescence primioma to full maturity of the nuts. The

influence of weather on the coconut yield is a clative function of seasonal conditions
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prevailing in the period of 44 months after primatdnitiation (Bhaskaran and Leela,
1977). In an unique paper, Patel and Anandan (1&88@ained that the annual nut yield
is influenced by January to April rains for two y&@revious to harvest, together with the
rains in January to April of the year of harvestwever, thirty to fifty percent yield
decline in coconut was seen in the subsequentdgesato severe soil moisture stress that
occurred during summer 1983, 1985 and 1989 (Raal., 1993). As the drought
intensity during the summer with reference to catowas in increasing trend, the
coconut yield was adversely affected very muchrduthe recent decades (Rao, 1988).
The predictive models based on climatic variables more meaningful than those
developed without them by various authors sucheg;®ds (1979) and Silva de Sumith
(1985) using biometric characters. Efforts were atsade to forecast the coconut yield
using biometrical characters by Peris (198nhd Jacob Mathewet al., (1991).
Prabhakaramt. al., (1991) had estimated the coconut yield using #réig) harvest data
and juvenile characters. Another attempt was dorgedict coconut yield by Joseal.,

(1991) using foliar nutrient levels.

Abeywardena (1968) developed a crop forecasting einbdsed on monthly
rainfall parameters using the data from 1935 to619®e estimated nut yields were close
to observed values. However, the validity of thedeidfor anticipating yields has not
been tested. He also reported that any rains iassxaf 35-36 cms in any month during
September - December were harmful to the crop ih&@rka because the temperature is
low and humidity is high during the period. Abeyd@ana (1983) later developed an
empirical statistical model to forecast yields im lSanka based on eight variables. These
eight variables defined as "drought indices™ fghedifferent agro ecological regions are
derived from the monthly rainfall data taking intoonsideration the minimum

requirement of soil moisture for optimum productidine errors in the estimated values
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for some years were very large. But no alternatinathods had been developed and use
of drought indices was more meaningful and usdfahtuse of actual rainfall. George
(1988) had developed prediction models for estingatyield of coconut by evolving
different empirical, statistical and crop weatheod®ls based on the data and their
comparative efficiencies were tested by means wf ¢oiteria and models | and Il were
found to give the best fit. Saraswathi and Math&@88) used 15 years data on total
monthly rainfall as 12 independent variables tadjirgields in each of the ten districts of
Kerala. Though the coefficients of determinationtttése models were reasonably high,
there were two degree of freedom for error and dééthe parameters were significant at
the 5% level. Pillakt al., (1988) also attempted to forecast yield usingdr regression
model, Y= f (4, X2), where X is the total rainfall for the five month periodin the
sixteenth to twentieth month ang ¥at from the fourth to the month prior to hatyes

but the coefficient of this model was not suffidiém obtain useful predictions.

A predictive model (R = 0.91) with climatic variables (maximum relative
humidity, sunshine duration, vapor pressure andmum air temperature at different
periods) was developed by Vijaya Kunsral., (1988). Peiris (1991) had developed a
model (R = 0.89) to predict yield a year ahead based ®rvaiiables derived from
monthly rainfall distribution one year earlier. &kalidity of the model was tested for
seven different yield groups. The model was flexitd use, but the percentage of error
for the seven groups varied from 1.9 to 40%. Frbm model, yield for a given year
could be predicted by the middle of May in the ybafore the harvest, but its use is
limited by the paucity of such climate data. Abeydena (1993) predicted coconut yield
of Sri Lanka an year head based on drought indéx(&®96). Based on the experimental
data on coconut yield at RARS, Pilicode, an attewgd made to estimate coconut yield

seven months ahead using agroclimtic indices (RabSubhash, 1996). The equation
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developed (R= 0.94) were in good agreement with the actual estimated values.
Peiris and Thattil (1998) had developed parsimaniauodels using maximum
temperature, after noon humidity and evaporatidresg three variables explain how the
spathe development during the growth period respdrd climate variables without
physiological parameters. A common model was déseloped (R= 0.81) p<0.002) to
estimate the annual yield 18 months in advancegusiaximum temperature, after noon
relative humidity and evaporation. He also repotteat these three variables influence
the microclimate around the crown of the palm ftlizing solar radiation in dry matter
portioning and thereby nut production. Retcal., (1999) had developed {R 0.97) a
multiple linear regression equations for forecastooconut production of Kerala state

seven months ahead based on agro climatic indices.

Coconut yield at Andaman and Nicobar islands wasmesed using the Atrtificial
Neural Network by Balakrishnagt al., (2005). Kumaet al., (2008) simulated coconut
growth, development and yield with the InfoCropoconut model. The study simulated
trends in phenological development, total dry masd its partitioning, and nut yield
agreed closely with observed values, although a &&%r was observed in few cases.
Considering that field measurements have an expatah error of 10 -15% and wide
variation existed within treatments, the model adeely simulated the effects of
management practices and agro-climatic conditiovesr chort periods. Agro-climatic
wise validation of the InfoCrop coconut simulatiorodel was carried out in this study
for the first time in India. The relationships beem weather parameters and coconut
yield at CARI, Portblair with lag periods were sedwith multiplayer perception neural
network were studied by Balakrishn&h al., 2005. The results revealed that neural
network has the capability to forecast the cocoyiatd. Peiris,et al., (2008) used

seasonal climate information to predict coconutdpation in Sri Lanka based on
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guarterly rainfall. The regression model integrabesh climate and technology effects
developed to predict annual coconut production mfL&nka with high fidelity (R =
0.94).

Palaniswamiet al., (2008) had developed a fuzzy neural network doconut
yield prediction. The fuzzy membership values & thdependent variables (daily mean
air temperature, relative humidity, sunshine hoamg soil moisture in the root zone)
were used as the layer for the network. The cdroglaoefficient between predicted and
observed yield was 0.98 with Root mean square effrad.77%. They also reported that
the proposed method captured the non - linearnoakips between the climate, soil and
yields of coconut production system. Kunefal., (2009) developed weather descriptive
models for prediction of coconut yield in differesmgro - climatic zones of India. The
prediction models with 3 - and 4 - year lag hachHRj values. The models differed for
usage of parameters in different agro-climatic spinalicating the relative importance of
these parameters in respective conditions forzieglithe nut yield in coconut. This study
also indicated that relative humidity and tempemtplay important role during the
ontogeny of inflorescence and nut development. Tdley reported that the descriptive
models based on weather data can be used for poadaf coconut yield two to four

years in advance with in acceptable range of acgura

Satheesh Babet al., (1993) studied the effect of monthly rainfall ooconut
productivity over Kerala. The result indicated tiarch and May rainfall during the
current year, one year, two year, three year laggdad significant positive correlation
with productivity whereas rains during January &w/ember had negative influence.
The results also indicated that rest of the mohthe no significant influence on coconut

productivity. Excess rainfall during March to Maysvnot found harmful probably due to
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the accelerated transpiration facilitated by a higimperature and low humidity

(Shanmugham, 1973).

2.4 CLIMATE CHANGE
2.4.1 Introduction

Climate Change has emerged as the one of the reasus environmental
concerns of our times. Climate change and climaealility in recent decades are
subjects of world wide discussion as the weathlatee disasters viz., droughts, floods,
ice storms, dust storms, hail storms, land slitiest and cold waves and thunder clouds
are not uncommon over one or another region ofnbed. The year 1998 was one of
the recent weather related disasters, which cahaaitane havoc in Central America
and floods in China, India and Bengladesh. CanadaNew England in US suffered
heavily due to ice storm in January. Vat fires inefia burned over three million acres of
forests. In 2005 also, weather related disastemssa the world were noticed. Human
and crop losses are the worst phenomena in sucthevedisasters, affecting global

economy to a considerable extent.

The most imminent climatic changes in recent timgegshe increase in the
atmospheric temperature due to increased levelgre¥nhouse gases such as carbon
dioxide (CQ), methane (Ck), ozone (Q), nitrous oxide (NO) and chlorofluoro carbons
(CFCs). Because of the increasing concentratioisasfe radiative or greenhouse gases,
there is much concern about future changes inlouate and direct or indirect effects on
agriculture (Garget al., 2001; IPCC, 2001; Krupa; 2003; Aggarwal, 2003; thet al.,
2004). The carbon dioxide (Gconcentration was in the steady state at 280 fdpthe
pre industrial period (1850). It was rising sinbern at the rate of 1.5 to 1.8 ppm per year.
The concentration of CQs likely to be doubled by the end of 21st cent(i{geling et
al., 1995). According to IPCC (2007) “Climate varidtyilrefers to variations in the
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mean state and other statistics (such as stané@ardtidns, the occurrence of extremes,
etc.) of the climate on all temporal and spatia@les beyond that of individual weather
events. Variability may be due to natural interpedcesses within the climate system
(internal variability), or to variations in naturar anthropogenic external forcing
(external variability). Climate change refers tstatistically significant variation in either
the mean state of the climate or in its variahilipersisting for an extended period
(typically decades or longer). Climate change maylbe to natural internal processes or
external forcing, or to persistent anthropogenianges in the composition of the

atmosphere or in land use”.
2.4.2 The Global scenario

The Intergovernmental Panel on Climate Change (IPZID7) reported that
mean global surface air temperature increased B4°G. (0.56 to 0.92) °C in past 100
years. The linear warming trend over the 50 yeams1f1956 to 2005 was 0.13 [0.10 to
0.16]°C per decade. The temperature increase isspréad over the globe and is greater
at higher northern latitudes. Global GHG emissidne to human activities have grown
since pre-industrial times, with an increase of 70%ween 1970 and 2004. The
atmospheric concentrations of €&nd CH in 2005 exceed by far the natural range over
the last 650,000 years. Global increases in @Dcentrations are due primarily to fossil
fuel use, with land-use change providing anothgmicant but smaller contribution. It is
very likely that the observed increase in L£Ebncentration is predominantly due to
agriculture and fossil fuel use. The increase p®© MNoncentration is primarily due to

agriculture.

The Global average sea level rise at an averageofat.8 [1.3 to 2.3] mm per
year over 1961 to 2003 and at an average rateaftabl (2.4 to 3.8) mm per year from
1993 to 2003. Arctic sea ice extent has shrun2.By(2.1 to 3.3) % per decade, with
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larger decreases in summer of 7.4 (5.0 to 9.8) Pdeeade. The year 2010 is likely to be
the warmest year after 1998 as per the latestatidits. Severe floods in Pakistan, China
and cloud burst in India (Leh in Ladakh region aminu and Kashmir) during August
2010 can be due to the effect of global warmingzdntrast, severe heat waves and forest
fires that occurred in Russia may result in sigaifit reduction in wheat production. Land
regions have warmed faster than the oceans. Sotremexweather events have changed
in frequency and/ or intensity over the last 50rge&old days, cold nights and frosts
have become less frequent over most land arease Wwht days and hot nights have
become more frequent. Heat waves have become mexgaeint over most land areas.
The frequency of heavy precipitation events (orpprtion of total rainfall from heavy
falls) has increased over most areas. Impact ofaté change on agriculture will be one
of the major deciding factors influencing the fetuiood security of mankind on the
earth. Agriculture is not only sensitive to climateange but at the same time is one of
the major drivers of climate change. The climatesg®ity of agriculture is uncertain, as
there is regional variation of rainfall, temper&ucrops and cropping system, soils and
management practices. The crop losses may inciédke projected climate change
scenario leads to frequent occurrence of weatHaterke disasters like floods, droughts,
cold and heat waves. Crops respond differently has global warming will have a
complex impact. It is predicted that there willdd7 per cent increase in the world area

of desert land due to the climate change expeuati#dd,a doubling of atmospheric GO
2.4.3 The Indian scenario

Climate change is a global problem with unique abtaristic and involves
complex interactions between climatic, environmergaonomic, political, institutional,
social and technological processes, which afferllp. India is one of the 27 countries

identified as most vulnerable to the impact of glolvarming. Lakt. al., (1995) presents
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a climate change scenario for the Indian subcontjniking projected emissions of
greenhouse gases and sulphate aerosols into actobpnedicts an increase in annual
mean maximum and minimum surface air temperatur€76C and 1.0°C over land in
the 2040s with respect to the 1980s. Since thenwarover land is projected to be lower
in magnitude than that over the adjoining oceam ldnd-sea thermal contrast that drives
the monsoon mechanism could possibly decline. Hewethere continues to be
considerable uncertainty about the impacts of atsosn the monsoon. The UKMO
GCM model (Bhaskararet al., 1995) predicts a total precipitation increase of
approximately 20% and increase in winterrabi crop season temperature by 1- 4°C
with increased C®concentration. The model also predicts a greatenber of heavy
rainfall days during the summer monsoorkbarif period, and an increased interannual
variability. Lonergan (1998) estimates that Indialsnate could become warmer under
conditions of increased atmospheric carbon dioXide average temperature change is
predicted to be in the range of 2.33°C to 4.78°@wi doubling in C@concentrations.
Lal et al., (2001), Kumar and Ashrit (2001), Kumar (2002l adumaret al., (2003) also

predicted the temperature and rainfall trends @vaia under varied CQevels.

2.4.4 Temperature and rainfall trends

Climatic variability and occurrence of extreme egegre major concerns for the
Indian subcontinents. There is need to quantify gnewth and yield responses of
important crops and also identify suitable land wg#ions to sustain agricultural
productivity under this large range of climatic iasions. In India, the analysis of
seasonal and annual surface air temperatures @mahtKumar, 1997) has shown a
significant warming trend of 0.57°C per hundred rgea’he warming is found to be
mainly contributed by the post-monsoon and winteasens. Hinganet al., (1985)

studied the mean annual temperature over Indianguhe period 1901-1982. The result
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indicates about 0.4°C warming during the eight desa(1901-1982). This warming is

mainly caused by the post-monsoon and winter ssaod is found to be renounced for
the West Coast, the interior peninsula and thehroehtral and northeast regions of the
country.

Kumar et al., (2002) reported that all - India mean surface emperatures
during 1901-2000 were in warming trends duringfad four seasons with higher rate of
temperature increase during winter and post monseasons compared to that of the
annual. Trends in minimum and maximum temperatoréhfe entire country and also for
the six homogeneous regions of the country showeelcaeasing minimum temperature
trend during summer whereas an increasing trendgltite winter season and increasing
trend in both the seasons for maximum temperataevticed. Long term variations of
surface air temperature at major industrial ci{@alcutta, Bombay, Madras, Bangalore,
Pune and Delhi) of India studied by Kumar and Hiregg1988). Gadgil and Dhorde
(2005) reported that there is a significant deaeasmean annual and mean maximum
temperature over Pune. At the national level, iaseeof 0.4° C has been observed in
surface air temperatures over the past centuryafnmg trend has been observed along
the West Coast, in central India, the interior psaola, and north-eastern India
(NATCOM Report, 2004). However, cooling trends hdeen observed in north-west
India and parts of south India. Kothawala and Ku@2&05) observed that the all-India
mean annual temperature has shown significant vagrtnend of 0.05°C/10 year during
the period 1901-2003. The recent period 1971-2088 $hown relatively accelerated
warming of 0.22 °C/10 year, which is largely dueutgprecedented warming during the
last decade. Dash and Hunt (2007) showed markaddref increasing temperature over
the past quarter century, but significant variationthese trends during different seasons
and over different regions of India. Marked difieces between the variations in

minimum temperature in North and South India hasenbbrought out.
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Attempts have been made to study the trends inadrmma seasonal rainfall over
India since the beginning of the last century. Loergn trends of Indian monsoon rainfall
for the country as well as for smaller subdivisiare studied by Paramanik and
Jagannathan (1954); Parthasarathy and Dhar (19&8)hasarathy (1984); Mooley and
Parthasarathy (1983), Parthasara#hal., (1993). Particularly on the All India time scale
showed trendless and random nature for a long gp@fitime (Mooley and Parthasarathy,
1984). Rao and Jagannathan (1963), Thapliyal arshikeatha (1991) and Srivastsata
al., (1992) were also reported that All India soutbinaonsoon/annual rainfall observed
no significant trend. Long term trend in small tiglascale was reported by Koteswaram
and Alvi (1969), Jagannathan and Parthasarathy3j19@gannathan and Bhalme (1973,
Naiduet al., (1999), Singh and Sontakke, N.A. (1999). Its esemtd periodicities were
studied by Venkatesamet al., (1997); Rajeevan (2001); Pai and Rajeevan (2006)
Goswami and Gauda, (2007); Raual., (2007); Ratnanet al; (2007). Kumaret al.,
(1992) have found significant increasing trend ionsoon rainfall along the West coast,
north Andhra Pradesh and northwest India whileniB@ant decreasing trends over

Madhya Pradesh and adjoining area, northeast &mtlgparts of Gujarat and Kerala.

Somanet al., (1988) also reported that Kerala rainfall showsdnificant
decreasing trend. Ananthakrishnan and Soman (18881889) studied the monsoon
events in detail utilising the data up to 1980sejhet al., (2004) reported that the period
of Intra Seasonal Oscillation of South Kerala ralinfluring summer monsoon has large
inter - annual variability in the range of 23 to @&ys. Rainfall variability during
southwest monsoon season over Kerala was studielétail by Krishnakumaet al.,
(2007). They have reported that the rainfall in eJuand July was declining while

increasing in August and September over the stakemla. It was more evident since
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last 40 years, indicating that there was a shiftmianthly rainfall during southwest

monsoon season.

Krishnakumaret al., (2008) also studied the temperature and raitfaiids at
four selected locations in the State of Kerala. Gkaeral characteristics of the Indian
monsoon were studied Rajeewaral., (2006). A study carried out by Indian Institate
Science (Ravindranatit al., 2006) assessed the impact of projected climasage on
forest ecosystems in India. The main conclusiohas by 2085, between 68% and 77%
of the forested grids in India are likely to expege shift in forest types depending upon
projected climate change scenarios. The incongigerin the occurrence of monsoon
were reported by Ramesh afbswamj (2007); Francis and Gadgil (2006) using 37
years of rainfall data examined intense rainfakrés over the West Coast of India.
Guhathakurta and Rajeevan (2007) observed decgetasind in almost all subdivisions
except for subdivisions Himachal Pradesh, JharkleamttiNagaland, Manipur, Mizoram
and Tripura during winter. Annual rainfall showemjrsficant decreasing trend over
Chattisgrah, Jhakhand and Kerala. During southwestsoon, Jharkhand, Chattisgrah

and Kerala showed significant decreasing trendaiimfall.

Rao, et al., (2008 and 2010) studied the effect of climatang®e on cropping
systems over Kerala. Krishnakumet al., 2009 studied the temporal variation in
monthly, seasonal and annual rainfall over Keraland the period from 1871 to 2005.
The analysis revealed that significant decreassomthwest monsoon rainfall while
increase in post-monsoon season over the Stateeddl& Rainfall during winter and
summer seasons showed insignificant increasingdtrem view of the importance of
variability’s in rainfall, as indicated above, ibwid be of interest to study the long - term

variation of monthly, annual and seasonal rairdaér Kerala.
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2.5 DROUGHT ASSESSMENT

India is an agricultural economy based country.ddes the share of agriculture
sector to GDP of the country is only about 24%, 76Rdndians are dependent on farm
incomes, and about 60% of farm cultivation depesmisains. In India, delayed and deficient
monsoon seasons severely affect the farmers. Tdyes and cropping area vary with the
rainfall pattern during monsoon and ultimately efféhe agricultural production. In past few
years, there has been increase in extreme weatbetsesuch as drought, flood, heat and cold
waves and strong wind etc. India suffered of drougt2002 with seasonal (June-September)
deficit of all India rainfall (19% below normal)taf all India drought occurred during June-
September, 1987. However, one part or the othds parthe country suffers from drought
invariably every year. In 2009, around half of tlistricts have been declared drought
affected. A large number of studies are available on variagpects of floods and
droughts. Gregory (1989) has reported that droughtyper humid regions of India such
as Assam are very in frequent, with the last docuetedrought in the region dating back
to 1900.

Drought prone areas fall in three broad regionshef country (CWC, 1982).
Parthasarathgt al., 1987 identified a range of 1- 12 severe drouglatry for the various
meteorological sub-divisions of the sub continentirty 1871-1984. Using long time
series (1875-1987) of subdivision rainfall data roledia, Chowdhuryet al., (1989)
examined various statistical features of all Indieought incidences. A study by
Chowdhuryet al., (1989) have ranked the year 1918 as the worsigtitogear of the last
century - a year when about 68.7% of the total arfethe country was affected by
drought. During 2002, twelve out of 36 subdivisiaighe country came under the grip
of moderate to severe drought when abut 29% ofteke area of the country was
affected by drought. The seasonal rainfall durlmggfummer monsoon in the country as a

whole was 19 percent below normal qualifying 2082tee first all-India drought since
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1987. Rainfall deficits during July were most medethy, at a historical low of 51 per

cent below normal in 2002.

Of all the major natural disasters, droughts actéamnearly 22% of significant
damages though the number of deaths is only 3%dweide (De and Joshi, 1998). A
comprehensive analysis of Monsoonal droughts bke5(8999) has brought out several
interesting facts. First the occurrence of drougihtAll India scale shows an epochal
nature. During the last 125 years phenomenal ditsugh the All India scale were only
four. These years were 1877, 1899, 1918 and 192 Wie seasonal rainfall deficiencies
were more than 26% below the seasonal mean rai@mha Ray and Shewale (2001)
studied the probability of drought on sub-divisibseale. The frequency of droughts was
generally high over western and central India andhern peninsula. The difference in
yield during these drought years as compared tsulceeeding year a non-drought year
viz : 1982 - 83 and 1987 - 88 were about 218.18dak tones and about 266.81 lakhs of
tones respectively (Det al., 2005). Using subdivision wise rainfall and adsda, Sen
and Sinha Ray (1997) observed a decreasing trendeirarea affected by drought in
India, which are located over northwest India, part central Peninsula and southern
parts of Indian Peninsula. Gore and Sinha Ray (P@02de a detailed study of the
variability of drought incidence over districts bfaharashtra. Goret al., (2010) using
PN examined the probability of drought incidencedha subdivision scale using rainfall
data of 319 districts for the period of 1901-200le study also examined spatial
variation of drought probability over India. Tlgstrict-wise drought climatology over
India for the southwest monsoon season has beeanimea for the first time using two
simple drought indices viz., Percent of Normal (RN{§l Standardized Precipitation Index
(SPI) over a period of 1901-2003 (Fial., 2010). Identification of drought incidences

over the country as a whole using both PN and #Rled nearly similar results.
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Chapter Il

Data and methodology

3.1 EXPERIMENTAL DETAILS

The experimental site (Plate 3.1) is located indS&eoduction-Cum-
Demonstration Farm, Coconut Development Board, aviitkara (18 31'N and 74
13'E). Ten (eight year old coconut palms) palmsheat the four cultivars were
randomly selected for the study (Fig 3.1). Thusgdther 40 palms formed the
material for recording phenological observationke Tpalms selected were grown
under uniform management conditions. The cultunal management practices were
followed as per the Package of Practices Recommtienda of the Kerala
Agricultural University (KAU, 2007). The filed expgenent was taken up under

AICRP on Agrometeorology.

3.1.1 Cultivars
The four test cultivars viz., Tiptur Tall, Kuttia@gWwCT), Kasargod (WCT)

and Komadan (WCT) were selected for taking up igtld £xperiment.

3.1.2 Soil characteristics
Soil of the location was clay loam in texture. Thaysico-chemical

properties of experimental sites are as detailéalbe

Gravel (%) - 54.45 pH - 8

Sand (%) - 39.84 EC (dS/m) - 0.033

Silt (%) - 27.49 Org.C (%) - 112

Clay (%) - 32.67 Available P (ppm) - 1.86
3.1.3 Climate

The experimental location falls under the humidhelie (B/ B3 - type) as per

Thornthwaite (1948) climatic classification. Theekly meteorological data for the
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Plate 3.1: Location of experimental plot
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Figures inredindicate observational palms

Fig. 3.1: Layout of experimental palms
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study were collected from the records maintainetth@tAcademy of Climate Change

Education and Research, Kerala Agricultural Unigr¥ellanikkara.

3.1.4 Phenological observations
The biotic events viz., leaf, spathe and floralrelbters were recorded once

in a week from February 2002 to June 2007.

3.1.4.1 Leaf characters

1) Number of functional leaves produced monthly

2) Number of leaf shedding monthly

3.1.4.2 Spathe characters

1) Number of spathes presented on the crown at theedfrobservation
2) Date of spathe emergence.

3) Date of spadix emergence

4) Duration of spathe emergence to spadix emergence

3.1.4.3 Floral characters

1) Number of female flowers produced
2) Number of buttons set

3) Button shedding

4) Monthly nut yield

3.1.5 Meteorological data

Daily meteorological data on maximum and minim@mperatures, relative
humidity (morning and evening), rainfall and raidays, bright sunshine hours and
evaporation were collected. The mean values ofeanperature, relative humidity
and vapour pressure were worked out weekly and mhorand thus the derived
weather variables are as follows:

Growing Degree Days (Day °C),

Helio-Thermal unit and Vapour pressure deficit (hPa
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3.1.6 Soil moisture data

Weekly soil moisture observation at different deptb5¢cm, 30cm, 45cm and
60cm) were carried out at the experiment site dutire study period. The moisture
percentage is calculated by the simple gravimetrathod. Weekly Soil moisture
data at different depths viz., 15cm, 30cm, 45cm @dcin were collected from soil
moisture observatory at Vellanikkara and from tkpegimental plot of coconut for

comparison between open and coconut.

3.2 METHODS

The phenological data collected from ten palmsawhecultivar were pooled
Standard-Meteorological-Week wise to get the mdamnplogical data of a particular
week of a test cultivar. The observations on nunolbspathes produced, duration of
spathe, monthly leaf production and seasonal but@ading, spathe emergence and

spathe opening were processed.
3.2.1 Spathe emergence

The number of spathes that emerged monthly wasesookit for correlation
analysis with weather parameters 29 months pridheospathe emergence since the
primordia for spathe would have developed 32 moh#fere the spadix emergence

(Patel, 1938).

3.2.2 Spathe duration

The spathes that emerged in the same standard werekpooled to get the
mean duration of spathes of each cultivar. Wegthesimeters were also averaged in
the same way and correlations were worked out udtegrson’s Bi-variate

correlation technique.

3.2.3 Female flower production

The number of female flowers collected from theestsational palms of each

cultivar was pooled and the monthly female flowssduction was worked out. The
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correlations were worked out between mean mongntyale flower production and
weather parameters at four critical stages vizmgmdia initiation (32 months prior
to spadix emergence), branches of inflorescence r{hths prior to spadix
emergence), male and female flower stage (11-1Zm@rior to spadix emergence)
and ovary development (6-7 months prior to spadnergence) as suggested by

Rajagopakt al., (1996).

3.2.4 Button shedding

The mean button shedding was worked out correspgrid spathes, which
opened during the same standard week and it waeelatmd with weather

parameters.

BS = 1-[ EL] .100
NEF

Where,
BS- Button shedding (%)
NFF;- Number of female flowers retained at the enchofitmonth

NFF- Number of female flowers at the time of spatheropg

3.2.5 Monthly nut yield

The monthly nut yield collected from the observa#ib palms of each
cultivar was pooled to find out the monthly meandurction. The number of rainless
weeks occurring at each stage of nut developmestwaaked out to study the effect
of dry spell on the initiation and development nfiorescence and yield in coconut.
The data on female flower production, nut set andyreld were material employed
for the study. To study the association betweenntbather variables and nut yield of
coconut, correlations were worked out in sevenicalit stages viz., primordia
initiation, branch development stage of inflores@nmale and female flower
development stage, ovary development stage, sjadixgence stage, button nut size

and mature nut stage as these biotic phases atefantfinal yield of coconut. The
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above phases coincide with 44 months, 29 montds252months, 19-20 months, 12

months, 9 months and 6-8 months, respectively poithhe harvest.

3.2.5 Seasonal average

The whole year was divided into four seasons agjesigd by the India

Meteorological Department. Four seasons have losified as follows:

Season Period
Summer March-May (3 months)
Southwest monsoon June- September (4 months)
Post monsoon October-November (2 months)
Winter December-February (3 months

As the phenological observation may vary with teagth of seasons, the
seasonal monthly means were worked out to maintaiformity for correlation

studies.

3.2.6 Growing Degree Days (GDD)

Growing Degree Days (Day °C) for various phenolag&vents were worked
out. A thermal day / Growing Degree Days (GDD) athenit is the departure from
the mean daily temperature above the minimum tlotdslemperature (°C). Thermal

days for the each phenological event were workedrom the following:

n
GDD 2 (Tmax+Tmin) - T base
i=1
2

GDD= Growing Degree Day (Day °C)
T max = Maximum temperature of the day (°C)

T min =Minimum temperature of the day (°C)
n

2. = Summation for day ‘1’ to day ‘n’ when the eveturred.
i=1

The base temperature (T-base) is assumed as I8°a@dlt coconuts (Rao, 2008).
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3.2.7 Helio-Thermal Unit (HTU)

The product of Growing degree day and the numbexctfal bright sunshine
hours of any day is called Helio- Thermal Unit (HTU

HTU= GDD * Number of actual bright sunshine hours

3.2.8 Vapour Pressure Deficit (VPD)

The difference between the saturation vapour pres&VP) and its actual

vapour pressure (AVP) is termed as saturation vap@ssure deficit (VPD).
VPD=SVP-AVP

Where,
AVP= Actual Vapour Pressure (Saturation vapourfuresat dew point temperature)
SVP=AVP/RH x 100
RH = Relative humidity
The observations on SVP were computed using the yalies which were obtained

from the hygrometric table.

3.2.9 Statistical Analysis

3.2.9.1 Analysis of Variance

To study the influence of season on different biotiservation of coconut the
experimental data were analysed using the Repédtedures of ANOVA
technique. Repeated-Measures of ANOVA techniquals® used to analyse the
Seasonal influence on the variety. The significaiccdested by F test and the
treatments were compared by Duncan’s Multiple RaFegt (Snedecor and Cochran,

1983).

3.2.9.2 Estimation of Correlation
The simple correlation (bivariate) was worked asihg SPSS package.

3.2.9.3 Principal Component Analysis

To facilitate the prediction of indices, reduction number of variables is

imperative. Hence, Principal Component AnalysiSAP was used to identify major
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weather variables which can be used to predict dheation of spathe, button
shedding and nut yield. Further, adoption of PCAalksis has been established
scientifically to reduce multi- collinearity amomgdependent variables and to arrive

at the best subset of variables for predicationetsod

3.3 CLIMATOLOGICAL DATA
3.3.1 Rainfall

The data source for monthly rainfall (mm) over Hartom 1871 to 1994 is
the Indian Institute of Tropical Meteorology (IITNdublication entitled “Monthly and
seasonal rainfall series for all-India homogeneaagions and meteorological
subdivisions: 1871-1994” (Parthasarattyal., 1995). Monthly, seasonal and annual
rainfall series of Kerala State were constructeidgusnonthly rainfall data of fixed
network of 10 raingauge stations. On an averag@etls one raingauge station for
every 3886.4 sq. km aredhe monthly rainfall data for the period from 53® 2009

were collected from IITM websitevvw.tropmet.res.ipfor this study.

‘From the Basic monthly rainfall data, monthly meagasonal rainfall,
Standard Deviation (SD) and Coefficient of Variati(C.V) and 75 per cent rainfall
probability have been computed for each month amde four seasons viz., pre
monsoon, southwest monsoon, post monsoon and witiermonth of March, April
and May were considered as the summer season Whiketo September constituted
the southwest monsoon season. October and Novemalsectonsidered post monsoon
season while December to February were considesdgtieawinter months. While
computing the means for winter rainfall, Decembiethe previous year is included.
The percent contribution of monthly and seasonafat to annual rainfall was also
calculated for each year as well as for the entita set to know whether there is any

change or shift of rainfall pattern.

A linear trend line was added to the series forpéifiying the trends. To

support trends in annual and seasonal rainfalladiec wise shifts in rainfall over



53

Kerala were also analysed for the period from 187¥2009. Temporal changes in
seasonal and annual rainfall were also analyseldoyn-Kendall Rank Statistics (t)
to conform the significance of the observed trehtbigeller, C. and Grimall, A.
2002). The values of t were used as the basisigfraficant test by comparing it with
Ty= 0= §V(4N+10)/9N(N-1)

Where, tgs the desired probability point of the Gaussiamma distribution. In the

present studytt 0.01 and 0.05 points have been taken for cosgari

The probability of rainfall at 75 per cent level sisggested by Hargreaves
(1977) was used for this study. Rainfall receivedper cent level, as dependable
rainfall, is the minimum amount of rainfall expett® be received in three out of four
years and hence risk involved is relatively lessrop planning. Doorenbos and Pruit
(1975), Frere and Popov (1979) and Sakanedtal., (1984) described a simple

ranking method for the computation of dependahlgal. The method is as follows:

The monthly rainfall records for each station wareanged in decreasing
order and each record assigned ranking number Each and every ranking number
has a probability level Fa (m) which can be expdss
Fa(m)=100 m/ n+1
Where n = number of records
The rank number that has the probability level 6fpér cent was calculated. The

rainfall record corresponding to this rank numbavegthe dependable rainfall.

3.3.1.1 Low pass filter

To understand the nature of trend, the time sesfeminfall (percentage
departure from long period average) was subjeaeal How-pass filter' in order to
suppress the high frequency oscillations, as stgdes WMO Technical Note No
79, (1966) and used by Tysenal., (1975). The weights used were nine ordinates of
Gaussian probability curve (ie 0.01, 0.05, 0.12000.24, 0.20, 0.12, 0.05 and 0.01).

The response curve of the Gaussian low pass filisra response function that is
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equal to unity at infinite wave length and it tadff asymptotically to zero with
decreasing wave lengths (WMO, 1966). It was olesefvom the filtered series that

the trend is not linear but oscillatory consistafgeriods of 10 years length or more.

3.3.2 Temperature

Monthly maximum and minimum temperatures recorded the India
Meteorological Department were collected from tregidhal Data centre, IMD, Pune.
In addition to the temperature data from the IMBPmperature data from Kerala
Agricultural University Research Stations viz., tBatbi, Pilicode, Vellanikkara,

Ambalavayal and Pampadumapra were also collected.

Nameof IMD Stations Data period
Thiruvanthapuram (1956-2009)
Kozhikode (1956-2009)
Kannur (1956-2009)
Palakkad (1956-2000)
Alappuzha (1944-2009)
Kochi (1956-2009)
Punalur (1956-2009)
Kottayam (1973-2009)
Name of KAU Stations Data period
Pattambi (1956-2008)
Pilicode (1983-2008)
Vellanikkara (1980-2009)
Ambalavayal (1984-2008)
Pampadumpara (1978-2009)

The Mann-Kendall nonparametric test was appliedtht®® monthly and seasonal

temperature data, in order to detect trends.

3.3.2.1 21-point binomial filter

To understand the nature of trend, the time sesfeemperature anomaly
(departure from long period average of 1956-2008% wubjected to a "21- point
binomial filter in order to suppress the high fuegcy oscillations. Binomial filters
are simple and efficient structures based on theorbial coefficients for

implementing Gaussian filtering. The filter is aiglged moving average of the data.



55

Its weights are centred on the year of interest. thRe binomial filter, the weights
were set to be proportional to the binomial coefits, in contrast to equal
weightings in a simple moving average filter. Theightsby to by of anN + 1 point

binomial filter were computed as follows:

G
= -----ee k=0,1,......... N
N
pIRNeY
k=1
N!
Where, ¢ .
KI(N - k)!

3.4 DROUGHT AND CLIMATE SHIFTS

3.4.1 Potential evapotranspiration (PE)

The concept of Potential Evapotranspiration was pgatward by
Thornthwaite (1948) and is widely accepted andze in various fields such as
delineation of climatic zones, calculation of crgmwing seasons and irrigation
scheduling based on water balance approach. Thentpadt evapotranspiration is
defined as the evaporation from a large vegetatomered land surface with adequate
soil moisture at all times. The advantage of Thowaite’s method is that PET can be
estimated if mean temperature data are availablalsb gives good estimates in
coastal states where mild winter is noticed andntioathly temperature range is not
very large.

Thornthwaite considered temperature and possibigbeu of sunshine hours
for the estimation of Potential Evapotranspiratiomhe formula given by
Thornthwaite for unadjusted PE (e) is as follows:

E= 1.6 (10t/I§
where e = monthly unadjusted PET in cm/month

t = Mean monthly temperature in °C
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12
| = Annual heat index § i),
i=1

| = Monthly heat index and is equal to ( t+3}

and a = non linear function of the heat Wydgproximated expression

a=6.75*10" I° = 7.71*1C° 1> + 1.7921* 101 + 0.49239

The unadjusted PET (e) so obtained is for aver&gkaolrs of sunshine and 30 day
month. The values can be adjusted by multiplyinity & correction factor depending

on the latitude and season.

3.4.2 Water balance

Yearly water balance for the State as a whole waspated for a period of
109 years (1901-2009) using the Thornthwaite andhita(1955) book - keeping
water balance procedure, given by Subrahmanyan?j1%&e monthly Aridity Index
(1), Moisture Index @) and humidity Index () were computed from 1871 to 2009
using the formulae given below:

L=WD/PE*100 (= WS/PE*100 J=lh—-lL Iha=AE/PE*100

Where, AE-Actual Evapotranspiration (mm), PE-Pa@riEvapotranspiration (mm),
WS-Water Surplus (mm), WD-Water deficit(mm).

Intensity of droughts was worked out as per thecedure given by
Subrahmanyam and Subramaniam (1964). They wersifedgson the basis of the

percentage departure of aridity index from the medis Moderate, Large, Severe and

Disastrous.
Departure of lafrom median | Drought intensity
<1l/20 Moderate
1l/2c too Large
otoo Severe
>20 Disastrous

The yearly, decadal and tri-decadal trend in arightlex was computed using

liner trend method. Similar exercise was done ie tdase of moisture index for
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knowing any climatic shift in the State during #tedy period. The summer drought
and its impact on coconut production were worketluming the mean aridity index
from November to May month.

Thornthwaite's climate scheme (1948) was followedtudy climate shifts

The scheme is as follows:

Climate classification Climatetype Moistureindex(Im)
C Moist sub humid | 0-20
B1 humid 20-40
B, humid 40-60
Bs humid 60-80
B4 humid 80-100
A Perhumid Above 100

3.5 DROUGHT AND COCONUT PRODUCTION

The monthly coconut production at RARS, Pilicodd?CRI, Kasaragod,
Aralam farm, Kannur, CDB, Farm, Vellanikkara, RAR&umarakom and CRS,
Balaramapuram were collected along with monthlynfedi and temperature for
analyzing the effect of drought on monthly nut glieThe details of location and data

period are as follows:

Name of the station Data period
CPCRI, Kasaragod 1995-2001
RARS, Pilicode 1979-2001
Aralam farm, Kannur 1995-2001
CDB, Farm, Vellanikkara 2002-2007
RARS, Kumarakom 1980-2001
CRS, Balaramapuram 1980-2001

In addition to this, monthly auction price of cocbnvere also collected from 1979 to
2010 at RARS, Pilicode for analyzing the effectctimate variability on coconut
price. Year wise coconut area, production and ycbdty for the State of Kerala
published by the Coconut Development Board, Govhdia were collected to study
the effect of drought, climate variability/changen coconut production and

productivity.
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3.6 NON-ORTHOGONAL ANOVA

Non orthogonal analysis of variance was carriedfouthe data to assess the
effect of weather on yield with frequency as weigho calculate the frequency,
weather variables and coconut production/produgtiwiere grouped into different
class intervals of same length. Weather variablebnging to the production
/productivity range were counted. Monthly averafigemperature, rainfall and index
of moisture adequacy along with annual coconut ypectodn and productivity were

used for analysis. Non-orthogonal analysis wasexhout using the SPSS 17.

3.7 YIELD PREDICTION MODELS

The humidity index from June to September and inafemoisture adequacy
from October to May were considered along with catoarea one year prior to
harvest for predicting coconut production and itsdoictivity seven months ahead.
The monthly agroclimatic indices.{ I,) were considered for 42 months before the
harvest as the primordium initiation to coconutviest takes about three and half
years for predicting coconut production of Kerak a whole. A multiple linear
regression was developed using the above agrodatinmaices for predicting coconut
production and its productivity seven months ahe&le data from 1961-62 to 2006-

07 were used for developing regression equation.

The vector autoregression (VAR) model is one of thest successful,
flexible, and easy to use models for the analysisdltivariate time series. It is a
natural extension of the univariate autoregressieeel to dynamic multivariate time
series. It often provides superior forecasts t@e¢hfoom univariate time series models
and elaborate theory-based simultaneous equationdgelsn A Vector Auto

Regression (VAR) system can be expressed in theafivlg form:
A VAR model describes the evolution of a setkofariables over the same sample
period (=1, ...,T) as a linear function of only their past evolutidime equation for a

p-th order VAR, denotedVAR(p), is
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ye=c+ Ay + Asypo+- -+ -‘1pyf—p + €4,
wherec is ak x 1 vector of constantgy is ak x k matrix (for everyi =1, ...,p) and ¢
is ak x 1 vector of error terms.
The VAR model consists of a series of Ordinary Le&xguares (OLS) regressions in
which each dependent variable is a function ofitidependent variables and lagged
values of the dependent and independent variables.
A VAR model describes the evolution of a setkofariables over the same sample
period € =1, ...,T) as a linear function of only their past evolutidime equation for a
p-th order VAR, denotedVAR(p), is

g =c+ Ay + Aoy + -+ Apyiep + €4,
wherec is ak x 1 vector of constantgy is ak x k matrix (for every = 1, ...,p) and @

is ak x 1 vector of error terms

The analysis was done using Gretl 1.8 Software lwti@ good package for
time series data analysis. VAR is a multivariatedeiaused to capture the evolution
and the interdependencies between multiple timesegeneralizing the univariate
Auto Regressive models. All the variables in a VAR treated symmetrically by
including for each variable an equation explainisgevolution based on its own lags
and the lags of all the other variables in the rho@lee coconut yield forecasting
model was developed based on the average indexosture adequacy ) from

December to May of the year prior to harvest armboat yield.
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Chapter IV
Phenology of coconut

4.1 INTRODUCTION

Phenology is the study of the response of livingaoisms to seasonal and
climatic changes in which they liv&his term was first introduced in 1853 by the
Belgian botanist Charles Morren and is derived frtme Greek wordgphaino,
meaning “to appear or to come into view” dndos, meaning “to study.” Phenology
is the science that measures the timing of lifdecyvents for plants, animals, and
microbes, and detects how the environment influgrtise timing of those events. In
the case of flowering plants, these life cycle éseare phenophases which include
leaf budburst, first flower, last flower, first epfruit, leaf shedding and so on
(Haggerty and Mazer, 2008). Thus, phenologistsrietioe dates that these events
occur, and they study how environmental conditiugh as temperature and
precipitation affect their timing. Phenology is tteidy of the timing of recurring bio-
logical events, the interaction of biotic and alaidbrces that affect these events, and
the interrelation among phases of the same orrdiftespecies. Seasonal changes
include variations in the duration of sunlight, @patation, temperature, and other

life- controlling factors.

The effect of these factors on cashew phenologgsacthe cashew growing
tracts of the country was studied in detail by R#)2. Unlike seasonal fruit crops or
annual crops, the effect of seasonal factors orbithic events of perennial crop like
coconut cannot be assessed since it has a comm®nged reproductive phase of
more than three - and - a- half years from primardinitiation to harvest of coconut.
In annual crops, the effect is manifested immedtliaie during the course of the year
whereas in the case of perennial crops like cogdahateffect on phenology and yield
characters is discernible only after some time Tge effect of a particular season

noticed on phenology of coconut may be due to #layed effect of earlier seasons
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as coconut palm undergoes various prolonged cegestbefore harvest takes place.
The evolution and development of inflorescencehefcoconut palm has been traced
by Patel (1938). The primordium of the inflorescemcreported to develop in the leaf
axils about 32 months before the opening of thdoiaescence. A schematic
representation of different biotic events from psnchium initiation to final harvest of

coconut is depicted in Fig. 4.1

[Harvesting of nut J
v 2010

[ T T T [T [ T

[Opening of the inflorescence ]% { Button size nut } %
2009

v
|:___L- [T T
%{o\/ary differentiation {Spatheemergenm%

! ¥2008

I:—:- | [ T |
[Formation of femaleflowers} [ For mation of branches]

2007
[ T T T T [T 7 ﬁ
[Initiation of primordium]
v 2006
[ T T T [T T 7

Fig. 4.1: Evolution and development of infloresoeim coconut

The primordia of the branches of florescence dgvelcabout 16 months and
male and female flowers in about 11 and 12 mont#spectively before the opening
of the inflorescence. The ovary is first differetéid about 6-7 months before the
opening of the inflorescence. Various environmiefatetors during the period of 32
months before thenflorescence opens do affect the yield of cocofite spathe
opens (opening of the inflorescence) at the 32ndtmand fertilization takes place

during the 33rd month after initiation of primordiun coconut. The nut development
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process takes place through female flower fertiliwa of buttons, the button
development into coconut through active and ripgmihases and harvest of nut, what
we see in the form of coconut. It takes 10 to 1@nths after female flower
fertilization depending upon the season. A sigaific altitudinal effect on nut
development is also noticed as it takes 14 to 18thsowhen it is grown above the
altitude of 600 metres in the equatorial regionn€§idering various factors that are
involved, both biotic and abiotic in the processof development in coconut, studies
in coconut phenology were undertaken systematicallgh weekly/monthly
observations from 2002 to 2007 to understand tbearse of various biotic events to
seasonality and thereby to weather conditionseénGbntral zone of Kerala. Such an

intensive phenological study of coconut is thet fafsits kind.

4.2 FUNCTIONAL LEAVES

The coconut frond known as leaf i

large, long and pinnate. The fleshy mid-
held by the rachis is fringed with 100 to 1
leaflets on either side at equal distance. In
cultivars, the whole leaf measures more tha 7 \'

40 leaves in a healthy crown with a similar numlodr leaf primordia, each

m while the petiole 1.3 m. There are about 3

differentiated about 30 months before it emerges 'aword leaf’. A mature leaf is 3-
4 m long and has 200-250 leaflets. In dwarf, ismwges much above the petiole. In
adult coconut palms, leaves are produced in sucrebsit the interval between the
openings of two successive leaves is found to Wkieinced by the seasonal
conditions. On an average, one frond is produceal month. A leaf remains on the

palm for about 3 years and thereafter is shedhgaaipermanent scar on the trunk.

4.2.1 Varietal and seasonal effects

The mean annual number of functional leaves preserthe crown was high

(30.3/palm) in Tiptur Tall while the least (28.0#ma in Komadan (Table 4.1)lt
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indicated that Tiptur Tall appears to be better mgnihe four cultivars tested in terms
of functional leaves present on the crown. On araye, the annual functional leaves

present on the crown were more than twenty-nimeumber.

Table 4.1: Average number of functional leaves/pal different seasons from 2002

to 2007
Season | Tiptur Tall | Kuttiadi | Komadan Kasaragod Mean
Summer
(Mar-May) 29.8 27.6 27.1 28.8 28.3
SWM
(Jun.-Sept) 29.5 27.8 27.3 29.1 28.4
PM
(Oct.-Nov) 30.9 29.6 28.6 30.3 29.9
Winter
(Dec.-Feb.) 31.1 29.7 29.0 30.2 30.0
Mean 30.3 28.7 28.0 29.6 29.2

It is clear that the functional leaves presentl@ndoconut crown vary from variety to
variety at any given point of time in a given laoat The effect of seasonality
indicated that the functional leaves on the crowerewvless (28.3/palm) during
summer and rainy season (28.4/palm) and high dusimger (30.0/palm) and post
monsoon season (29.9/palm). All the four cultiveested showed a similar seasonal
trend with reference to functional leaves retaimed the coconut crown. It also
revealed that the mean monthly functional leaveshencoconut crown present are

more from October to March when compared to thapfl to September (Fig. 4.2).
31
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Fig. 4.2: Mean monthly functional leaves



64

The functional leaves present on the crown was maxi (30.2/palm/month) during
December while minimum (27.5/palm/month) was obsdmay. It clearly indicated
that the number of functional leaves gradually éased from June and reaches to its
peak in December and thereafter decreasing grgduath January and reaches to its
lowest in May.

The reason for more number of leaves during thé pmsisoon and winter
seasons can be attributed to the fact that the fioat@rials that are stored in the palm
during the southwest monsoon season would not hdlyebeen utilized during the
monsoon season because of unfavourable weatheitioasdsuch as high rainfall,
high soil moisture, low surface air temperaturss leapour pressure deficit, low wind
speed and low sunshine hours. These factors rtesfriitnum evapotranspiration and
thereby results in poor uptake of nutrients dutimg monsoon. Once the southwest
monsoon period is over, palms are exposed to faderr weather/atmospheric
conditions for greater photosynthesis. The asstioila of food material and
translocation of assimilates into the vegetative-feaf lead to more leaf development
from October to March. Hot weather conditions dgrisummer (maximum
temperature of 33-36°C) in the absence of soil agesmay restrict the production of
functional leaves and thereby, resulting in lowdtional leaves that are present on

the coconut crown in addition to the leaf sheddingng summer.

The monthly and yearly data on number of functioealves indicated that
there was a decline from March 2004 and contintiielBebruary 2005 (Table 4.2).

Table 4.2: Functional leaves/palm present on tbencrduring 2004 and 2005

Month| Jan| Fely Mar| Apr | May| Jun| Jul| Aug| Sep Oct NovDec | Mean
2004 | 30.330.2 28.9 25.8| 23.7| 24.7| 25.4| 25.9| 25.8| 26.1| 27.1| 30.3| 27.0
2005 | 28.629.0 29.2/ 28.2| 28.0| 28.9| 29.3| 30.0| 30.4| 31.0| 30.8| 30.5| 295
Mean| 29.9| 29.8| 29.3| 28.2 | 275|279 | 282 | 28.7 | 29.1 | 295 | 30.1 | 30.2 | 29.0

It indicated that the effect of severe soil maiststress in functional leaves is felt for
a period of one year. As the functional leaveshencrown remain at least more than

three years and another 44 months inside the cabbsysoil moisture stress may not
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effect the production of current functional leav@8herefore, the affect of soll
moisture stress on functional leaves could bebaitied to leaf shedding only, thereby
decrease in functional leaves in 2004, 2005 and 2@¥Yye the good years in terms of
functional leaves present on the crown.

The maximum temperature, temperature range (difterdoetween maximum
and minimum temperature), vapour pressure defiaitshine and evaporation during
30 months prior to leaf emergence had negativeelaion while rainfall, soil
moisture and number of rainy days had signific&n®X level) positive correlation
with number of functional leaves present in theaerolt revealed that the number of
functional leaves was low when the vapor pressafieitt 30 months prior to the leaf
emergence was high and vice - versa. In contrasifatl and soil moisture influenced

the functional leaves favourably 30 months priothi® leaf emergence.

4.2.3 Leaf shedding in coconut

The number of leaves shed at a given time depepais the age and nature of
palm, season, agronomical practices and varietydetUmiavourable conditions, the
coconut leaves of good regular bearers remain erpétm for three to three-and-a-
half years, after they have fully opened out. Tife ¢f a leaf from the time of the
formation of primordium to the time it is shed, Wile about five to six years
depending upon the conditions of the tree. Theding of leaves varies from season
to season depending upon weather conditions. Tésoral leaf shedding in the test
cultivars of coconut are summarized below basethenweekly data collected from

2002 to 2007 at coconut farm, Vellanikkara.
4.2.3.1 Varietal and seasonal effects

The mean number of leaf shedding was maximum (@l@/pnonth) in
Kasaragod while minimum (0.9/palm/month) in Tiptliall (Table 4.3). On an
average, the number of leaf shedding was more édm&nin a month. However, it
revealed that the mean annual number of leaf shgdeas more 14.4 (palm/year) in

Kasaragod while low (11.6/palm/year) in Tiptur Tall



66

Table.4.3: Average number of leaf shedding in d#ifieé seasons from 2002 to 2007

Season Tiptur Tall Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 1.5 2.0 1.8 1.8 1.8
SWM
(Jun.-Sept) 0.7 0.6 0.7 0.7 0.7
PM
(Oct.-Nov) 0.5 0.5 0.6 0.7 0.6
Winter
(Dec.-Feb.) 1.1 1.5 1.2 1.6 1.4
Mean 0.9 1.1 1.0 1.2 11
Annual 11.6 139 13.0 144 13.0
The monthly leaf shedding in coconut was maximum April

(1.9/palm/month), followed by February and MarctB8(ftalm/month each), January
(1.4/palm/month) and December (1.1/palm/month)e Teaf shedding was minimum
(0.5/palm/month each) in September and Octobdnvield by August and November
(0.6/palm/month). The leaf shedding in coconutrélases from June reaching to its
minimum (0.5/pal/month) in September and Octoldegrdafter it gradually increases

from December onwards, reaching to its maximum/galén/month) in May (Table

4.4).
Table 4.4: Month - wise leaf shedding of differenttivars in coconut
Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod

January 1.0 1.8 1.3 1.6 14
February 1.4 1.8 1.8 2.1 1.8
March 1.5 2.2 1.8 1.8 1.8
April 1.7 2.2 1.9 2.0 19
May 1.3 1.4 1.4 1.5 1.4
June 0.9 0.8 0.8 0.9 0.8
July 0.9 0.6 0.8 0.8 0.8
August 0.7 0.5 0.6 0.6 0.6
September 0.4 0.6 0.6 0.6 0.5
October 0.5 0.5 0.4 0.6 0.5
November 0.4 0.5 0.6 0.7 0.6
December 0.9 1.4 0.8 1.5 1.1
M ean 0.9 1.1 1.0 1.2 1.1

Increase in leaf shed was seen from December aaskddan June with the onset of
monsoon. The leaf shed from June to November ignmim (less than one leaf

/palm/month) while maximum (1-2 leaves/palm/moritbjn December to May
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As a whole, the seasonal leaf shedding was maxi@in2%) during summer
(Fig 4.3) and winter (31 %) while minimum (12.4 #)ring post monsoon and rainy
seasons (15.3%). The results obtained were in daonoe with Patel (1938) but not in

agreement with Sampson (1923).
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Fig. 4.3: Mean seasonal leaf shedding (%) in cocbom 2002 to 2007

Temperature, both air and soil, vapour pressurdacitefsunshine and
evaporation had significant (0.01 level) positivarelation while rainfall and soil

moisture had significant (0.01 level) negative etation with leaf shed.

Rise in ambient air temperature, temperature rangpour pressure deficit,
low rainfall coupled with high evapotranspirationdahigh solar radiation prevailed
during the summer season might have enhanced yirggdiate of older leaves on the
crown under the rainfed conditions. The palms setedor the study were grown
under rainfed conditions. This may be one of tlesoas, why, the shedding of leaves
was maximum during the summer season. Relativeler®af shedding in winter in
this part of Kerala can be attributed to strongwyds that blow through the Palghat
gap from November/December to January/February. tAd cultivars recorded
maximum leaf shedding during summer 2004 due tdopgp dry spell from T
November to 28 March 2004 coupled with high air temperature (C-3fse against
normal). It led to high dry rate of older leavessulting in leaf shedding (Fig 4.4). In

addition to this, the average soil moisture dumwvigter 2003 and summer 2004 was
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only 9.2%, which was the lowest when compared t62208 (13.7%), 2004-05
(10.3%) 2005-06 (10.2%) and 2006-07 (10.3%).
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Fig. 4.4: Daily maximum surface air temperatureimgtanormal from I January
to 37" March, 2004

It revealed that leaf shedding is dependent on heedtactors in addition to dryness
with the age of leaf. The utmost lower leaves amewkn as physiologically non -
functional leaves to a large extent. Rainfall aoill moisture influenced leaf shedding
to a large extent. When rainfall is more and salisture is enough, the leaf shedding
is low. In contrast, the leaf shedding was higrewhainfall was negligibly low with

less soil moisture. The above relationship is ftted graphically in Figs 4.5 and 4.6.

3.5 1250
- Leaf shedding = Rainfall e

2.8 L 1000

5

£

E i | ~—

ng 1 750 g

g |

% 1.4 1 L 5005
a4

G

B

%07 - 250

0.0 T T T T T T T T T T 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 4.5: Mean monthly rainfall versus leaf shedgdin coconut
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Fig. 4.6: Mean monthly soil moisture versus lds#dding in coconut

Similarly, the leaf shedding followed the vapouegsure deficit, which is an index of
dryness (Fig 4.7). The illustration clearly indiedtthat rainfall, soil moisture and
vapor pressure deficit influenced the leaf sheddm@ large extent. The monthly
vapour pressure deficit was maximum in February4{iBa) while the lowest during

July (4.2hPa).
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Fig. 4.7: Mean monthly vapor pressure diefiersus leaf shedding in coconut

4.3 SPATHE EMERGENCE IN COCONUT
The coconut inflorescence is enclosed in a douldath or spathe, the whole
structure known as a 'spadix’ which is borne simglhe axil of each leaf. A leaf like

bract that encloses the spadix is called spatheoi@d inflorescence known as the



70

spadix is stout erect, pear shaped, and measustng O
to 1.5 m long and protected by a double sheath of a
spathe depending upon the cultivar/variety.
. Commencement of flowering is an important stage in
| the life of coconut. The age at which the trees
commence flowering varies according to the variety,
age of palm, soil and climate. The Coconut palm

begins flowering after three to five years undeodjo

management conditions and continuously produces
flowers. The evolution and development of infloessce of the palm has been traced
by Patel (1938). The primordium of the infloresoeigreported to develop in the leaf
axils about 32 months before the opening of thiiescence. The period reckoned
from the initiation of the tall coconut palm witksiindeterminate flowering habit,
comes to flowering by the seventh year after ptantimhe first inflorescence emerges
from the 4% leaf axil and thereafter one inflorescence arsesry month from the
subsequent leaf axils (Menon and Pandalai, 1958an#4 given time, different stages
of reproductive phase starting from spathe ememgémeipening of nuts are noticed
on the crown of coconut. Keeping this in view, atempt has been made to
understand the weather effects on spathe emergenice central zone of Kerala and

the results are summarised below:

4.3.1 Varietal and seasonal effects

The monthly spathe emergence showed that it wasnmiax in November
(1.6/palm/month), followed by May (1.3/palm/montiarch (1.2/palm/month) and
October and December (1.1/palm/month). The spatmergence is minimum
(0.7/palm/month) in September, followed by Jundy dimd August (0.9/palm/month
each). All the four cultivars tested also showiedilar trend (Table 4.5). The average
number of spathes emerged in Tiptur Tall was highQ/palm/annum), followed by
Kuttiadi (12.5/palm/annum) and Kasaragod (12.4/patmum) while the least
(12.1/palm/annuam) in Komadan. It indicated thattdii Tall appears to be better
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among the four cultivars tested in terms of spaheergence. On an average, the

annual number of spathes emerged were between d21l&nn a coconut palm

depending upon the cultivar/variety.

Table 4.5: Monthly spathe emergence/palm in cotonu

Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod
January 1.0 1.1 1.0 1.1 1.0
February 1.1 0.8 0.9 1.0 0.9
March 1.2 1.2 1.1 1.2 12
April 0.8 1.0 0.9 0.9 0.9
May 1.3 1.3 1.3 1.3 1.3
June 0.9 0.8 0.9 0.9 0.9
July 0.9 0.9 0.9 0.9 0.9
August 0.9 0.9 0.9 0.8 0.9
September 0.7 0.8 0.7 0.8 0.7
October 1.0 1.2 0.9 1.0 1.1
November 1.8 1.6 1.6 1.5 1.6
December 1.2 1.0 1.1 1.1 11
Total 13.0 12.5 12.1 12.4 12.5

The seasonal influence on spathe emergence shdwédt twvas maximum
(30.7%) during post monsoon season while minimu®.1&) during southwest
monsoon (Fig. 4.8). The spathe emergence was iatBany in summer (26.3%) and
winter (23.9%). In all the cultivars, the trendspathe emergence was similar as all
the four cultivars showed the maximum spathe emnmegeluring the post monsoon

while minimum during southwest monsoon.
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Fig. 4.8: Percentage spathe emergence in coconagdiifferent seasons from
2002 to 2007
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Repeated measures ANOVA revealed that there isifis@m seasonal
influence on the variation of spathe emergence3(F108) = 48.322 P < 0.001).
DMRT analysis also indicated that the seasonalhgpamergence is significant. It
revealed that the seasonal influence on spathegemes is significant whereas the
varietal and seasonal interaction is not signifieanspathe emergence. A significant
difference between the mean seasonal variatiopathe emergence in coconut (F (3,

36) = 40.027, P<0.001) was also noticed.

4.3.2 Effects of Weather

The mean seasonal spathe emergence from year todyeag the study
period also varied significantly, having maximum1@palm/month) in 2005-06
while minimum (0.97/palm/month) in 2002-03. Low #pa production during 2002-
03 and 2004-05 was mainly attributed to summer ghowuring 2002 and 2004
(Table 4.6). Whenever the summer drought occurs, sjpathe emergence in the
following season is comparatively low. That is, whiye spathe emergence was low
during the southwest monsoon during 2002 (0.50/fmbnth) and
2004(0.68/palm/month).

Table 4.6 Mean monthly spathe emergence (palm/mamnttoconut

Season Summer| SWM PM Winter Mean
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)

2002-03 1.00 0.50 1.40 0.97 0.97

2003-04 1.30 1.03 1.30 1.00 1.16

2004-05 0.93 0.68 1.20 1.10 0.98

2005-06 1.27 1.05 1.35 1.10 1.19

2006-07 1.27 0.98 1.40 1.00 1.16
Mean 1.13 0.85 1.35 1.03 1.09

The maximum emergence of spathe during post monseason can be attributed to
the fact that rainfall, temperature and bright $ums hours 29 months before (May-
June) the spathe emergence coincide with the rteo€ipptimum pre monsoon and
monsoon rainfalls, which results in better avaligbiof soil moisture. The Soil
moisture available in 2002, 2003, 2004, 2005 an@62@as 15.7%, 19.6%, 19.5%,
18.7% and 17.5% respectively. It may favour congler@nvironment for the

primordia initiation and thus maximum spathe emecge during post monsoon



73

season. The unfavourable weather conditions sudbvasainfall, number of rainy
days and high temperature coupled with more suashaurs 29 months prior to the
spathe emergence (January- April) would have playethjor role in low emergence
of spathes during the southwest monsoon seasoninax temperature recorded
during this period was more than 34°C in all tharge Vapour pressure deficit was
also very high coinciding with this period in aliet years. The amount of rainfall
received from January to April was only 73 mm imrfgainy days during 2000.
Moisture availability in the soil was only 5.4%. if obvious that the low rainfall
during summer was the major factor in low spatheergence during southwest
monsoon of 2002, 2004 and 2006 (Fig. 4.9). Thedpathe emergence during winter
season coincides with 29 months lag period, coomdipg to southwest monsoon
period. During the above period, high rainfall begoa critical value might have
affected the spathe emergence adversely as ittsessulwaterlogging and lack of

aeration in coconut root zone.
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Rainfall recorded during the above period in 200@)3, 2004, 2005 and 2006 was
1049.8 mm, 940 mm, 984.8mm, 1036.4 mm and 965.3espectively. The available

sunshine hours is comparatively very low during abeve period, it is an order of
less than 4.0 h/day in all the years. The effectmaiximum temperature, vapour
pressure deficit and soil moisture during 29 morgher to spathe emergence and

seasonal variation in spathe emergence is showigird.10.
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The correlation between the monthly spathe emesgand weather parameters of 29
months lag period indicated that the temperatuith lag and soil, vapour pressure
deficit, sunshine and evaporation had significaegative correlation at 0.01 level
while rainfall and soil moisture had significant@@ level) positive correlation with
spathe emergence

4.3.4 Varietal and seasonal effects on number of sp athes
present in coconut

The mean monthly number of spath

present on coconut crown in Tiptur Tall wa
high (2.8/palm/month), followed by Kuttiadil )
(2.7/palm/month) and Kasaragof:j‘ :
(2.6/palm/month) while the -
(2.3/palm/month) in Komadan. It indicated th :
Tiptur Tall appears to be better among the fqg
cultivars tested in terms of number of spathi
present on the crown. On an average,
number of spathes present on the crown was more2l&aper palm per month and
varied between 2.3 and 2.8/palm/month depending dlpe variety. It also indicated

that there is no significant variation among thaetaes.

The number of spathes present on the coconut crexs maximum
(3.4/palm/month) in January while minimum (1.9/pafronth) in September (Table
4.7). The number of coconut spathes gradually asze from October to January and
thereafter gradually decreased; reaching to a numnof 1.9 spathes present on the
crown in September. Similar trend was exhibitedhlinthe cultivars. The effect of
seasonality indicated that the number of spathesepit on coconut crown was less

during southwest monsoon (2.1/palm/month) and (@gBpalm/month) during winter
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when compared to that of summer (2.6/palm/monthj post monsoon season

(2.5/palm/month).

Table 4.7: Monthly spathe present on the crowniféérént cultivars in coconut

Month Cultivar Mean
Tiptur Tall Kuttiadi Komadan Kasaragod

January 3.7 3.4 3.0 3.4 34
February 3.6 3.1 29 3.3 3.2
March 3.2 2.8 2.6 3.0 29
April 2.9 2.6 2.3 2.7 2.6
May 2.6 2.4 2.1 2.4 2.4
June 25 2.4 2.0 2.2 23
July 25 2.4 2.0 2.2 23
August 2.3 2.2 1.8 2.0 21
September 1.9 2.0 1.8 1.9 19
October 2.1 2.4 2.0 2.2 22
November 2.8 2.9 2.5 2.7 2.8
December 3.6 3.4 2.9 3.3 33
Mean 2.8 2.7 2.3 2.6 2.6

It also showed that the number of spathes preseall the test varieties was similar

as they decline gradually from summer and increakethg post monsoon and it

reaches to its peak in winter and thereafter deekélable 4.8).

Table 4.8: Average number of spathe/palm in dffiéiseasons from 2002 to 2007

Season Tiptur Tall | Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 2.9 2.6 2.3 2.7 2.6
SWM
(Jun.-Sept) 2.3 2.2 1.9 2.1 21
PM
(Oct.-Nov) 2.5 2.7 2.3 2.5 25
Winter
(Dec.-Feb.) 3.6 3.3 2.9 3.3 3.3
Mean 2.8 2.7 2.3 2.6 2.6
Annual 11.3 10.8 9.4 10.6 10.5

The percentage number of spathes present on the) esas maximum (31.8 %) in

winter, followed by summer (25%) while low (19.8 #)southwest monsoon. It was

intermediary (23.4%) during post monsoon seasam (Bill).
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4.3.4.1 Effects of weather

The number of spathes on the crown from year to geang the study period
varied significantly, having maximum (3.4/palm) ohg winter 2004-05 and
minimum (1.4/palm) during southwest monsoon 2002b{& 4.9). The number of
spathes present on the crown was maximum (3.2/p@m/month) during winter
season in all the years tested. During summer 2P@2palm) and 2004 (2.3/palm),
the spathes present on the crown was low when c@udpto summer 2003
(2.8/palm), 2005 (2.9/palm) and 2006 (2.9/palmpnigir was the trend in southwest
monsoon and post monsoon seasons. The numbeatbesgpresent in the crown was
low in 2002-03 and 2004-05 (2.3 palm each).

Table 4.9: Mean monthly spathe present on the ciowdifferent seasons

Season Summer, SWM PM Winter Mean | Total
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) | (Dec.-Feb.)

2002-03 2.4 1.4 1.9 3.4 2.3 91
2003-04 2.8 2.4 2.9 3.2 2.8 113
2004-05 2.3 1.8 1.9 3.3 2.3 9.3
2005-06 2.9 2.6 3.1 3.3 3.0 119
2006-07 2.9 2.5 2.8 3.3 2.9 115
Mean 2.6 2.1 25 3.3 2.6 10.5

The study revealed that the number of spathes mirese the crown and spathe
emergence followed the same trend seasonally exbeptpeak appearance during
winter and post monsoon, respectively. The numbepathes present on the crown

in coconut was maximum in winter due to cumulasgtfiect of high spathe emergence
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in post monsoon season, followed by winter. Asgp@the duration takes about three
months, the emergence of spathes during post monseason completes its phase
only during winter. The low spathe emergence aagbuthwest monsoon season and
previous season (summer) resulted in poor numbespathes during southwest
monsoon. The maximum number of spathes preseheiorbwn during winter season
can be attributed to the fact that high rainfallr@®nths before (June-September) the
spathe emergence coincide with the receipt of seegh monsoon rainfall were
optimum, which results in better availability ofilsmoisture. It may favour congenial
environment for the primordia initiation and thussxamum spathe emergence during

winter season.

The unfavourable weather conditions such as lowfalhj number of rainy
days and high temperature coupled with more suaghours 29 months prior to the
spathe emergence (January- April) would have playathjor role in low number of
spathe present in the coconut crown during the hsgegt monsoon season.
Maximum temperature recorded during this period wase than 34°C in all the
years. Vapour pressure deficit was also very haghatding with this period in all the
years. The amount of rainfall received from JapdarApril was only 73 mm in four
rainy days during 2000. Moisture availability etsoil was only 5.4%. It is obvious
that the low rainfall was the major factor in loywashe present in crown during

southwest monsoon of 2002, 2004 and 2006 (Fig2)4.1
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The effect of maximum temperature, vapour presdefeit and soil moisture during
29 months prior to the spathe emergence and measorsa variation in spathe

emergence shown in Fig. 4.13.
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The temperature, both air and soil, vapour pressggcit, sunshine and
evaporation had negative correlation while rainfallmber of rainy day and soil
moisture had positive correlation with spathe pmese the crown. The influence of
maximum temperature, vapour pressure deficit anldnsoisture during 29 months
prior to spathe present in the crown and mean sahsariation in spathe emergence
shown in Fig.4.14, Fig.4.15 and Fig.4.16, respetyiv
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4.3.5 Spathe duration in coconut

The number of weeks taken from initiation of spatttdeaf axil to spathe
opening (spadix emergence) was high (10.7 week®uttiadi while the least (9.3
weeks) in Komadan. On an average, the annual splatia¢gion was around 10 weeks

(Table 4.10).

Table 4.10: Mean seasonal variation in spathetidaran different cultivars of coconut
during 2002-2007

Season Tiptur Tall | Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 10.9 10.5 9.1 10.8 10.3
SWM
(Jun.-Sept) 10.0 10.0 8.7 9.5 9.6
PM
(Oct.-Nov) 10.3 10.9 9.5 10.2 10.2
Winter
(Dec.-Feb.) 11.1 11.3 9.9 11.3 10.9
Mean 10.6 10.7 9.3 10.5 10.3

The monthly spathe duration was maximum in Febru@dy.3 weeks),
followed by March (11.2 weeks), January (10.2 weeksl December (10.5 weeks).

The number of weeks taken from initiation of spadhéeaf axil to spadix emergence
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(Table 4.11) was minimum (9.0 weeks each) in Jémlywed by July (9.3 weeks)
and May (9.5 weeks).

Table 4.11: Month-wise spathe duration of differemtivars in coconut

Month Cultivar M ean
Tiptur Tall Kuttiadi Komadan Kasaragod

January 11.0 11.2 9.9 11.4 10.9
February 11.6 115 10.3 11.7 11.3
March 11.8 11.6 9.6 11.6 11.2
April 10.7 10.5 9.5 10.7 10.4
May 10.3 9.7 8.1 10.1 9.5
June 10.4 9.2 7.6 8.8 9.0
July 9.6 9.7 8.6 9.5 9.3
August 9.7 10.3 9.0 9.5 9.6
September 10.0 10.4 9.5 10.2 10.0
October 10.4 10.7 9.2 10.0 10.1
November 10.1 11.1 9.7 10.2 10.3
December 10.7 11.1 9.4 10.9 10.5
Mean 10.6 10.7 9.3 10.5 10.3

It clearly indicated that the number of weeks frima spathe emergence to opening
gradually increased from July (9.5 weeks) and reddo its peak (11.3 weeks) in
February and thereafter decreased gradually archedato its low (9.0 weeks) in
June. The duration of spathe in all the cultivaiswninimum (9.6weeks) if it is
emerged in southwest monsoon while maximum (10.&ke)ein winter, followed by
post monsoon (10.2weeks). The spathe duration glwimmer took more than ten

weeks on an average, which was intermediary.

Repeated measures ANOVA indicated that there imifgignt seasonal
influence on the spathe duration (F (3, 108) =38.B < 0.001). Interaction between
season and variety is also significant (F (9,1082.=265, P< 0.05. There is a
significant difference between the mean seasorshspduration (F (3, 36) = 21.502,
P<0.001). DMRT analysis reveled that mean seasspathe duration during
southwest monsoon season was significantly diftefeom winter season, post
monsoon and summer season. But there is no sigmnifaifference in spathe duration

between post monsoon and summer seasons. Theoduoatspathe took 79 days to
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open when it is emerged in March while it took G8/¢ if it was emerged in June

(Fig.4.17).
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Fig.4.17: Mean monthly spathe duration

4.3.5.1 Effects of weather

The number of weeks taken from initiation of spathepathe opening (spadix
emergence) from year to year during the study pewnaried though it is not
significant, having maximum (10.4 weeks each) iM0203 and 2003-04 and
minimum (10.0 weeks) in 2004-05. This was interraegi(10.2 weeks) in 2005-06
and 2006-07. It also revealed that the duratiospathe was less (9.7 weeks) during
the post monsoon and winter (10.5 weeks) in 20048&n compared to that of the
remaining years under the study in respective ssaS@able 4.12).

Table 4.12: Mean spathe duration in coconut (weeks)

Season Summer| SWM PM Winter Mean
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)

2002-03 10.1 9.4 10.5 115 10.4

2003-04 10.6 9.8 10.3 11.0 10.4

2004-05 10.3 9.4 9.7 10.5 10.0

2005-06 10.2 9.6 10.2 10.8 10.2

2006-07 10.3 9.4 10.3 10.8 10.2
Mean 10.3 9.6 10.2 10.9 10.3

The spathe duration was high (11.5 weeks) in wi2@892 - 03 while low (9.4 weeks)
in southwest monsoon during 2002-03, 2004-05 alé-20 .

High rainfall and adequate soil moisture in preseotoptimum temperature

conditions (a maximum of 29-30°C and minimum of 224°C) resulted in early
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opening of spathes. The low spathe duration distmghwest monsoon season can be
attributed to the high minimum temperature, low penature range, high vapour
pressure, low vapour pressure deficit, high retatimmidity, low wind speed, low
sunshine hours and low evaporation. In additioot® temperature range, rainfall
during southwest monsoon after a prolonged dryl spay stimulate for early break
of spathe. These relationships hold good for thercseasons also. That is the reason,
why, the duration of spathe took less duration {@&ks) during southwest monsoon
season when compared to that of other seasondaBingather systems continue to
some extent during post and pre monsoon seasoresulted in low spathe duration
relatively during the post monsoon season (10.2ks)eand summer (10.3 weeks).
The reasons for the maximum spathe duration dwinger season can be attributed
to low minimum temperature, relative humidity, higimperature range, wind speed,
vapour pressure deficit, evaporation and sunshmarshprevailing during winter
season when compared to other seasons. These weatthitions during winter led
to maximum spathe duration (10.9 weeks). The lo@&QIweeks) spathe duration
during 2004-05 is mainly attributed to the welltdlsuted rainfall with adequate soll
moisture (Fig. 4.18) along with optimum maximum anthimum temperatures and
low vapour pressure deficit (Fig. 4.19). That isiwspathe took less number of days

to open during 2004-05.
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during 2004-05 (from *1January 2004 to 28 February 2005)
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The correlations between the weather parameters spathe duration
indicated that minimum temperature, morning saiperature, soil moisture, rainfall,
and number of rainy days had negative correlat®ignificant at 0.01 level) while
maximum and mean temperature, vapour pressureitdedicaporation, growing
degree days and helio thermal units had positiveelaion (Significant at 0.01 level)

with spathe duration

4.3.6 Spathe opening / spadix emergence

The coconut inflorescence i

enclosed in a double sheath or spat
the whole structure known as a 'spad
which is borne singly in the axil o
each leaf. In coconut palms that ha
come to the normal bearing stag
every leaf axil will normally produce
an inflorescence (spadix). The spadix formed aldfei of the leaf axil never remains

on petiole. Larger number of spadices is producesummer season than the other
season. The number of leaves developed as wdtleasumber of spadix production

are influenced by cultivars and manuring. The oesp to manuring on production of
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spadix is varied for different types of tree, tlwwptrees responding more than high or
the medium vyielders. Patel (1938) reported thatgtevth period of spadix from
initiation of primordium to ripening of nuts as 4¥onths. Critical stages of the
development of the spadix have great influence mhdyof nuts. Distinct yield
variation has been recorded in coconut tracts Wwith temperature, rainfall, and

relative humidity.

4.3.6.1 Varietal and seasonal effects on spadix emergence

The annual number of spadices emerged in Tipturl Tehs high
(1.1/palm/month) while the least (0.9/palm/month) Komadan. It indicated that
Tiptur Tall appears to be better among the foutivans tested in terms of spadix
emergence (Table 4.13). On an average, the nunfbgpaglices emerged annually
was twelve. Interaction between season and vaisetypt significant (F (9,108) = 1.
224, P> 0.05. It clearly revealed that there isvadetal difference on the spadix

emergence in coconut.

Table 4.13: Average number of spadix emergenaa/pabnth in different seasons
from 2002-2007

Season Tiptur Tall  Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 15 1.3 1.3 14 14
SWM
(Jun.-Sept) 1.0 1.0 0.9 0.9 0.9
PM
(Oct.-Nov) 0.8 0.8 0.8 0.7 0.8
Winter
(Dec.-Feb.) 1.1 1.1 1.0 1.0 1.0
M ean 11 1.0 0.9 1.0 1.0

The monthly spadix emergence was minimum in Gatdb.7/palm/month),
followed by September (0.8/palm/month) while it wasximum (1.5/palm/month
each) in March and May (Table 4.14), followed bybimary and August

(1.2/palm/month each).
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Table 4.14: Month-wise spadix emergence of diffesailtivars in coconut

Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod

January 0.8 0.9 1.0 1.0 0.9
February 1.2 1.2 1.1 1.2 12
March 1.7 1.4 15 14 15
April 1.1 11 11 1.2 1.1
May 1.6 1.4 1.4 1.6 15
June 0.9 0.9 0.9 0.9 0.9
July 1.1 0.9 0.9 1.0 1.0
August 1.3 1.2 1.1 11 12
September 0.9 0.8 0.6 0.7 0.8
October 0.7 0.7 0.6 0.6 0.7
November 0.8 0.9 1.0 0.8 0.9
December 1.0 0.9 0.9 0.8 0.9
M ean 131 12.3 12.1 12.3 125

It clearly indicated that spadix emergence graguatireased from September
to October and reached to its high in summer moiig.4.20). The effect of
seasonality indicated that the number of spadicesrged was less during post
monsoon (0.8/palm/month) and high during summerd/falm/month) when
compared to that of southwest monsoon (0.9/palmiimonand winter
(1.0/palm/month). The cumulative effect of numbéspathes and its duration in the

post monsoon and winter seasons led to more spaoiikction in summer.
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Fig.4.20: Mean monthly spadix emergence in coconut
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The weather factors during the primordium initiati@32 month before) may be
having benevolent or malevolent effects on spadixdpction of coconut as the

primordium initiation to spadix production takes r@®nths.

As a whole, the spadix emergence is maximum (33@%ihg summer in all
the cultivars unlike in case of spathe emergendg.4R21). The minimum spadix
emergence was during post monsoon season (17.396).spadix emergence was
intermediary during winter (25.5%) and southweshsamn seasons (23.1%). All the

cultivars followed the similar trend in spadix pumtion.
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Fig. 4.21: Percentage of spadix emergence durifgreint seasons

The results of the study were in agreement withdvland Pandalai (1957).
They observed that spadix emergence was maximumgdaummer (March-May)
and minimum during post monsoon (October-Novembéo)lowed by winter
(December-January). Same results were obtained &yoM and Pandalai (1958).
The above results were in conformity with Bhaskaaad Leela (1983), Sreelatha and

Kumaran (1991) and Vanaja and Amma (2002).

4.3.6.2 Effects of Weather

Year to year spadix emergence during the studyogeraried significantly,

having maximum (14.1/palm/year) during 2005-06 amidimum (10.6/palm/year)
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during 2002-03 and 2004-05 (10.7/palm/year). Asghale, the production of spadix
was maximum during summer in all the years testédlewlow during the post
monsoon season (Table 4.15).

Table 4.15: Mean monthly spadix emergence in difieseasons

Season Summer| SWM PM Winter Annual
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)

2002-03 3.9 3.2 0.5 3.1 10.6

2003-04 4.4 3.9 2.3 3.1 13.7

2004-05 3.7 3.4 0.8 2.8 10.7

2005-06 4.4 4.2 2.1 3.4 14.1

2006-07 4.3 4.3 2.0 3.1 13.7
Mean 4.1 3.8 15 3.1 12.5

The reasons for maximum spadix emergence duringr&imseason can be
attributed to the maximum number of spathes pregerihe crown during winter in
which the duration from spathe to spadix was alsoem\When coconut spathes were
exposed to range of higher atmospheric temperéd286°C) it may cause for early
opening of spathe which is nothing but spadix emecg. The number of spathes
present on the crown was less during the southmessoon, and hence the opening
of spathe during the ensuing post monsoon was Tss.same explanation holds
good in case of other seasons too. Low spadix ptauduring 2002-03 and 2004-
05 was mainly attributed to summer drought during02 and 2004. Early
withdrawals of northeast monsoon during 2001, ateseof winter rain and late
commencement of summer showers during 2002 ledstwo $pathe emergence during
2002-03. This resulted less spathe emergence dR€i88-03 and thereby less spadix
production during 2002-03. Similar was the caseicaedt during 2003 northeast
monsoon, and summer 2004. That is why, the spadiduation is less during 2004-
05. The maximum number of spadix production durs\gnmer season can be
attributed to the fact that high rainfall 32 montiefore the spadix production (July-
September) coincide with the receipt of southweshsoon rainfall were optimum,

which results in better availability of soil moistu It may favour congenial
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environment for the primordium initiation and thusaximum spadix production

during summer season.

The unfavourable weather conditions such as lowfalhj number of rainy
days and high temperature coupled with more suashaurs 32 months prior to the
spadix production (February- March) would haveyptha major role in low number
of spadix production during the post monsoon seaddaximum temperature
recorded during this period was more than 34.5°@llithe years. Vapour pressure
deficit was also very high coinciding with this et in all the years. The amount of
rainfall received from February to March was rewdvaround 4.6 to 16.6 mm in all
the years except in 2003. 256.9 mm of rainfall weeived during 2003. Average
moisture available in the soil was only 7.1 % dgrihat period. It is obvious that the
low rainfall was the major factor in low spadix draction in coconut during post

monsoon season (Fig. 4.22).
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Fig. 4.22: Rainfall during 32 months prior to thmadix emergence
The effect of maximum temperature, vapour presdafieit and soil moisture during
32 months prior to the spathe emergence and messorsa variation in spathe

emergence shown in Fig. 4.23.
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The temperature, both air and soil, vapour pressiefecit, sunshine and
evaporation had negative correlation while rainfathimber of rainy days and soil
moisture had positive correlation with spadix prcithn These are the weather

factors which influence spadix emergence to a lasgent.

4.4 FEMALE FLOWER PRODUCTION

The inflorescences of the coconut aigy,

formed in the axils of every leaf of bearin
tree. The coconut is a monoccious p
producing male and female flowerSg
separately in the same tree. The flowers
light yellow in color. The female flowers
popularly known as the button are globo
and sessile. Inflorescence carries both male eamale flowers. The male flowers are
more numerous than the female flowers. The formerbarn on the top portion of

spikelets which are attached to a main axis or peldu The female flowers are

situated at the base of the spikelets. The pedwidlee inflorescence bears 30 to 40
braches known as the spikes. In each spike the aml female flowers ranges from
200 to 300. There are also palms which produceseitbmpletely male or female

flowers. The production of female flowers is arportant character as it influences
to greater extent the final yield of ripe nuts. Thale flowers are the first to open,

beginning at the top of each spikelet and proceptimvards the base. After each

& flower opening, the pollen is shed, and
male flowers abscise, the whole
process taking just a day. The male
phase, however, takes about 20 days in

majority palms but this may vary

according to season and variety. A

Female flower NEE- -l _ _
|- D LS female flower remains receptive from 1
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to 3 days. Depending on the environmental conditiand variety, the female phase
may begin a few days or later after the spatheodpased and lasts 3-5 days in tall
palms and about 8-15 days in dwarfs. A normal neBoence may have 10-50 female
flowers. With natural pollination, 50-70% usuallgaxt and fall off, especially those
which emerge during severe dry weather. The remgifiowers develop into fruits,

which take about 12 months to mature.

4.4.1 Varietal and seasonal effects

The number female flowers was high (41.5/bunchTiptur Tall while low
(30.1/bunch) in Kuttiadi (Table 4.16). It indicdtthat Tiptur Tall appears to be better
among the four cultivars tested in terms of fenfedever produced. On an average,
the number of female flowers produced per bunch thaty four. However, there
was a variation in the number of female flowersdoied seasonally.

Table 4.16: Female flower production per bummctiifferent coconut cultivars during

2002-2007
Season Tiptur Tall Kuttiadi Komadan KasaragodM ean
Summer
(Mar-May) 54.7 43.1 47.1 44.0 47.2
SWM
(Jun.-Sept) 41.1 25.2 29.4 29.1 31.2
PM
(Oct.-Nov) 30.6 16.4 18.3 23.2 221
Winter
(Dec.-Feb.) 39.6 35.8 36.8 31.9 36.0
M ean 415 30.1 329 32.0 34.1

The number of female flowers produced during thearser was high (47.2/bunch)
while minimum number of female flowers (only 22/lchih during the post monsoon
season (October-November). A gradual decline inafenflower production was

noticed from summer to post monsoon season anddatfter an increase was noticed
during winter in all the cultivars. It revealed thle trend in female flower production

was uniform in all the months despite the varidifierence (Fig. 4.24).
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When the monthly female flower production is coesatl, it was maximum

(51.8/bunch) in March, followed by April (47.2/bur¢ February (46.4/bunch) and

May (42.8/bunch) while it was minimum (20.6/bundh) November, followed by

October (21.9/bunch) and 24.3/bunch in Septembenl€14.17).

Table 4.17: Month-wise female flower productidvo(/bunch) of different cultivars

in coconut
Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod

January 35.9 33.4 37.0 31.1 34.6
February 48.8 44.3 42.8 43.7 46.4
March 56.7 49.0 51.6 50.7 51.8
April 56.0 43.3 47.3 42.1 47.2
May 50.1 38.3 42.0 38.6 42.8
June 44 .2 32.8 36.8 33.5 374
July 41.3 24.8 30.4 30.1 3.7
August 41.3 21.3 24.8 25.7 28.5
September 33.5 18.8 21.2 23.5 24.3
October 31.1 16.3 18.5 21.6 21.9
November 28.0 16.4 17.1 20.7 20.6
December 31.4 21.9 25.5 22.8 25.7
M ean 41.5 30.1 32.9 32.0 34.1

It was intermediary during rainy months from JuaeAugust (28.5 - 37.4/bunch). It

clearly indicated that the number of female flowapsadually increased from
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December (25.7/bunch) and reached to its peak/(ain8h) in March and thereafter
decreased gradually and reached to its low (21n@fjuin November. The number of

female flowers produced monthly is illustrated ig.R.25.
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Female flower production/bunch

O T T T T T T T
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Fig. 4.25: Mean monthly female flower productioncoconut
4.4.2 Effects of weather

Year to year female flower production during theudst period varied
significantly, having maximum (44.7/bunch) during00%-06 and minimum
(23.3/bunch) during 2002-03. As a whole, the fem#taver production was
maximum (47.2/bunch) during summer season in all#ars tested while low during
post monsoon (22.1/bunch) except 2003 - 04 (Taldle)4

Table 4.18: Mean monthly female flower productiordifferent seasons

Season Summer SWM PM Winter Total
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) | (Dec.-Feb.)

2002-03 37.4 18.6 7.1 29.9 23.3
2003-04 49.7 26.9 27.5 32.0 34.0
2004-05 40.1 28.3 15.8 38.4 30.6
2005-06 58.4 46.2 33.6 40.5 44.7
2006-07 50.6 35.9 26.4 39.3 38.0

Mean 47.2 31.2 22.1 36.0 34.1
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The number of female flower production was low @92-03 (23.3/bunch), and 2004-
05 (30.6/bunch). Decline in female flower produstiwas maximum (31.7%) during

2002-03 followed by 2004-05 (10.3%). It was maiatyributed to prolonged dry spell

from November to April, which led to summer drougliring 2002-03 and 2004-05.

It clearly indicated that whenever the summer dhbwgas noticed, decline in female
flower production was also noticed, varying betw&érand 30% depending upon the
severity of drought (Table 4.19).

Table 4.19: Percentage deviation of female flogreduction from mean in different

seasons

Season Summer] SWM PM Winter Total
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)

2002-03 -20.8 -40.4 -67.9 -16.9 -31.7
2003-04 5.3 -13.8 24.4 -11.1 -0.3
2004-05 -15.0 -9.3 -28.5 6.7 -10.3
2005-06 23.7 48.1 52.0 12.5 311
2006-07 7.2 15.1 19.5 9.2 114

4.4.2.1 Influence of dry spell during the critical stages in female
flower production

The number of female flowers produced during themmser months was high
when compared to that of other seasons. It couldtiributed to less number of dry
spells experienced during the primordium initiatiand ovary development stages.
The total duration of dry spell varied from16 to @2eks in four critical stages of
coconut resulting to high number of female flowesguction during summer season
(Table 4.20). In contrast, the total duration of dpell varied from 30 to 36 weeks in
four critical stages of coconut, resulting to lowmber of female flower production
during southwest monsoon season. The female flpvagtuction was intermediary in
winter. Though the total duration of dry spell (18weeks) was similar as in the case
of summer, long dry spell (11.2 weeks) a year ah#fafémale flower production

resulted in intermediary female flower productianidg winter (Table 4.21).
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Table 4.20: Influence of dry spells during the icat stages in female flower

production

Year Season No. of dry week during | Total No. off Seasonal

critical stages dry weeks| female

(Lag period in months) flower
32 16 11-12 6-7 production

2002 | Summer 3 10 7 2 22 37.4
Southwest monsoon 11 10 1 14 36 18.6

Post monsoon 7 0 3 3 13 7.1

Winter 3 2 12 1 18 29.9

2003 | Summer 1 10 4 2 17 49.7
Southwest monsoon 10Q 8 2 10 30 26.9
Post monsoon 8 0 1 3 12 27.5

Winter 2 2 9 3 16 32.0

2004 | Summer 1 9 6 1 17 40.1
South west monsoon 11 7 1 15 34 28.3
Post monsoon 6 0 4 6 16 15.8

Winter 2 1 11 1 15 38.4

2005 | Summer 2 12 7 1 22 58.4
South west monsoon 9 10 1 16 36 46.2
Post monsoon 3 0 4 3 10 33.6

Winter 4 1 12 1 18 40.5

2006 | Summer 1 12 4 2 19 50.6
South west monsoon 12 8 2 13 35 35.9
Post monsoon 8 0 1 3 12 26.4

Winter 2 2 12 1 17 39.3

2007 | Summer 2007 1 9 4 2 16 52.7

The least female flower production during the pushsoon season could be attributed
due to heavy rainfall, leading to waterlogging dgrihe branch development stage in
addition to dry spell during primordium initiatioend ovary development stages in
coconut. It revealed that the duration of dry speltl wet spell during four critical
phases of coconut decides the production of ferft@heers in addition to variety and
better management practices under rainfed condition

Table 4.21: Influence of mean dry spell (%) duriihg critical stages in coconut and
female flower production from 2002 to 2006

Season Mean dry week (%) Mean seasonal
(Lag periods in months) female flower
32 month[16 month [11-12month$6-7months Production
Summer 1.5 10.3 53 1.7 47.2
Southwest monsoon 10.6 8.6 14 13.6 31.2
Post monsoon 6.4 0.0 2.6 3.6 22.1
Winter 2.6 1.6 11.2 1.4 36.0
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4.4.2.2 Influence of rainfall during the critical stages in female
flower production

The female flower production was high during summerthe coconut palm
receives high rainfall during primordium and ovatgvelopment stages. It is also
observed that rainfall during the branch developmstage of inflorescence is
comparatively less in all the years. This favouighhmonthly female production
ranges from 37.4 to 58.4/bunch (Table 4.22).

Table 4.22: Influence of rainfall during the crélstages in female flower production

Year Season Amount of rainfall received on | Total | Seasonal
critical stages rainfall female flower
(Lag periods in months) (mm) | production
32 16 11-12 6-7
2002 | Summer 1125.849.3 440.1 677.7 22929 374
Southwest monsoon 501.83 452.3 1616.2 116.2 2686.018.6
Post monsoon 4.6 11539 331.6 67.1 1557.2 7.1
Winter 808.5| 677.7 0.0 1196.2682.3 29.9
2003 | Summer 1049.8116.2 375.5 1018,32559.9 49.7
Southwest monsoon 311.6 375.5 1518.3 184.2 2B89.526.9
Post monsoon 16.6 887.7 409.8 118.6 1432.7 27.5
Winter 1111.9 1018.3 | 162.1 1103/53395.9 32.0
2004 | Summer 940.0, 22.1 158.9 820/6 1941.6 40.1
South west monsoon 331.6 321.0 1607.0 18.2 2277.828.3
Post monsoon 16.3 1063)2 295.0 68.8 1443.3 15.8
Winter 892.7| 820.6 0.0 1733.8447.2 38.4
2005 | Summer 984.8| 18.2 647.1 1088.9738.1 58.4
South west monsoon 409.8 647.1 1751.3 793 2887.546.2
Post monsoon 256.9 1155)6 564.0 171.4 2147.933.6
Winter 634.7| 1088.00 7.6 1528.8258.4 40.5
2006 | Summer 1036.479.3 260.6 941.0 2317.3 50.6
South west monsoon 2950 260.6 22015 148 2¥71.935.9
Post monsoon 8.6 1438.9 190.0 181.4 1818.9 26.4
Winter 1424.5 941.0 3.2 1803.1.4171.9 39.3
2007 | Summer 2007 965.3 14.8 856.9 139&333.5 52.7

The number of female flowers produced during th&tls@est monsoon experienced
low rainfall during the primordium initiation stagad ovary development stage and
high rainfall during male and female flower devetemt stages. Low rainfall during
primordium and ovary development stages has dettetheto female flower

production. That is why, the female flower produatuating southwest monsoon
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season was comparatively lesser than summer sébsuoale flower ranged from
18.6 to 46.2/bunch). The mean monthly female flowpevduced during the post
monsoon 2002 was only 7.1/bunch and rainfall resmbiduring the primordium
initiation stage and ovary development stages wag 4.6 mm and 67.1 mm,
respectively. The same trend is prevailed durid@d2also. It revealed the importance
of rainfall during the primordium and ovary devetognt stage for the female flower
production. During the post monsoon 2005, femalewdirs produced were
comparatively high (33.6 nuts). It was mainly &ifited to comparatively good
amount of rainfall received during the primordiumtiation stage (256.9mm) and
ovary development stage (171.4 mm). In winter aeamtermediary female flower
production was noticed during (40.5/bunch) 200640Was 40.5/bunch during 2005-
06 and 39.3/bunch in 2006-07 while low (29.9/bundbjing winter 2002-03. The
female flowers produced during winter 2005-06 ebgrered good amount of rainfall
(636.4 mm) during primordium initiation, branch eéépment (1088.0 mm) and
ovary development stage (1528.1 mm). But the adinéceived during the male and
female development stages was only 7.6 mm. It\iehb the same trend during 2006-
07 also. That is why, the winter 2005-06 and 2006d€xorded high female flowers
during the study period. The low female flower proion during winter 2002-03 is
mainly attributed to comparatively low rainfall (67 mm) during branch

development stage among the study period.

As a whole, the female flower production is highen rainfall during the
formation of primordium and ovary development staigehigh and rainfall during the
branch development stage is low (Table 4.23). Laimfall during the primordium
initiation and ovary development stages and highfath during branch development
stage were detrimental to female flower productiooww female flower production
during the post monsoon season is mainly attribtddtie abotic factors. Thus, it is
understood that rainfall during the primordial i@iion and ovary development are

most crucial for the female flower production
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Table 4.23: Influence of mean rainfall during tngical stages in coconut and
female flower production from 2002 to 2006

Season Amount of rainfall received on critical stages Mean seasonal
(Lag periods in months) female flower
32 months|16 month | 11-12month$ 6-7monthg  production
Summer 1027.4 57.0 376.4 909.1 47.2
Southwest monsoon369.8 411.3 1738.9 82.5 31.2
Post monsoon 60.6 1139.9 358.1 121.5 221
Winter 974.5 909.1 34.6 1472.9 36.0

4.4.2.3 Influence of soil moisture during the critical stage in

soil moisture during primordium and initiation aodary development stages and low

soil moisture during branch development stagese niban soil moisture ranged from

female flower production

The female flowers produced during summer expeadrcomparatively high

16.4 t013.5% (Table 4.24) during summer, coincidintn primordium initiation and

ovary development stages.

Table 4.241nfluence of soil moisture during the critical stagn female flower

production
Year Season Soil moisture( %) during the| Mean | Seasonal
critical stages soil female
(Lag periods in months) |moisture  flower
32 16| 11-12 6-7 | (%) | production
2002 | Summer 15.2 9.5 12.5 16.9 13.5 37.4
Southwest monsoon 9.6 11.6 18.9 11.7 13.0 18.6
Post monsoon 3.0 20.8 17.4 6.5 11.9 7.1
Winter 14.7 16.9 9.6 19.8 15.3 29.9
2003 | Summer 17.5 13.4 10.7 18.4 15.Q 49.7
Southwest monsoon 11.7 9.6 19.1 10.1 12.6 26.9
Post monsoon 8.2 20.2 17.1 18.5 16.0 27.5
Winter 17.1 18.4 8.6 19.3 15.9 32.0
2004 | Summer 18.1 9.8 18.4 19.2 16.4 40.1
South west monsoon 14.3 16.6 19.7 10.2 15.7 28.3
Post monsoon 57 19.8 17.5 7.3 12.6 15.8
Winter 15.7 19.2 8.1 17.6 15.2 38.4
2005 | Summer 18.8 12.2 10.0 18.9 15.@ 58.4
South west monsoon 12.2 8.6 18.7 11.8 12.8 46.2
Post monsoon 14.7 18.6 18.2 10.1 15.4 33.6
Winter 18.7 18.9 9.9 16.9 16.1 40.5
2006 | Summer 19.9 13.2 10.6 19.4 15.8 50.6
South west monsoon 13.8 9.8 20.1 10.4 13.5 35.9
Post monsoon 3.7 19.7 16.1 10.5 12.5 26.4
Winter 15.5 19.4 8.8 18.2 15.5 39.3
2007 | Summer 2007 18.4 11.4 11.7 18.9 15.1 52.7
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The number of female flowers during the southweshsomon was low (18.6/bunch)
in 2002 when compared to that of 2003 (26.9/bun@®04 (28.3/bunch), 2005
(46.2/bunch), 2006 (35.9/bunch). The number of fenflawers produced during the
post monsoon season was also low (7.1/bunch) 2 2dten compared to that of
2003 (27.5/bunch), 2004 (15.8/bunch), 2005 (3316¢hi and 2006 (26.4/bunch). It
was attributed to low soil moisture that prevaithating primordium initiation and
ovary development stages. The coconut palm expeiefow soil moisture during
primordium initiation stage (3%) and ovary devel@mn(6.5%) and highest (20.8%)
during branch development stage and male and fedealelopment stage (17.8%) in
2002, resulting to low female flower productionpost monsoon season. Similar was
the case in southwest monsoon also. Thereforevéaled that low soil moisture
during the primordium initiation and ovary develogmh stage detrimental to female
flower production.

Table 4.25: Influence of soil moisture during thigical stages in coconut and female
flower production from 2002 to 2006

Soil moisture(%) during the critical stages |[Mean seasonal
(Lag periods in months) female flower
Season 32 months| 16 monthd11-12months B-7monthg production
Summer 17.9 11.6 12.4 18.6 47.2
Southwest monsoon 12.3 11.2 19.3 10.8 31.2
Post monsoon 7.1 19.8 17.3 10.6 221
Winter 16.3 18.6 9.0 18.4 36.0

As a whole, the coconut palm requires high soilstaoe during primordium
initiation and ovary development stages and modesail moisture during male and
female development stages (Table 4.25). Less soistare during the primordium
initiation and ovary development stages and higlegss) soil moisture during branch
development stages and male and female developstagés favour low female
flower production in post monsoon season. Theretbeeavailability of adequate soll
moisture during primordial initiation and ovary @epment is most crucial for better

production of female flowers.



102

4.4.2.4 Influence of weather during the critical stages

To study the association between the weather yasgand number of female
flowers produced, correlations were worked outwo tritical stages viz., primordia
initiation and ovary development as these biotiag@s are vital for final female
flower production. These above phases coincide ®hmonths and 6-7 months,

respectively prior to the spadix emergence.

Both, air and soil temperature, vapour pressufieijenvind speed sunshine
and evaporation during the primordium initiationcafconut had significant negative
correlation with the female flower production whibgnfall, number of rainy days and
soil moisture influenced positively. The minimunmigerature, soil moisture, rainfall
and rainy days during the development of branctigsflorescence of coconut had
significant negative correlation with the femal®wkr production while vapour
pressure deficit, wind speed, sunshine and evaporafluenced positively. Both, air
and soil temperature, vapour pressure deficit, vépeed, sunshine and evaporation
during the male and female flower development stgd@é-12 months prior to the
spadix emergence) of coconut had significant pasitiorrelation with the female
flower production while soil moisture influenced gagively. The primordium
initiation stage and ovary development phases sti@wvailar relationship. However,
the minimum temperature had no influence on nundiefemale flowers though
negative correlation was seen between them dun@gtimordium initiation. At the
same time, the minimum temperature during the owkyelopment influenced the

number of female flowers in coconut.

4.4.3 Estimation of female flower production using weather
variables during the critical stages

The pooled data of weather variables during thengrdlium initiation (32
months before the opening of the inflorescenceyeld@ment of branches of

inflorescence stage (16 months prior to the spaunergence), male and female
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flower development stages (11-12 months prior o dpadix emergence) and at the
ovary development stage (6-7 months before theiongeof the inflorescence) was
subjected to principal component analysis. It iathd that mean vapour pressure
deficit during the ovary development stage aloneoants for 40.5% of variance.
Number of rainy days during the branch developmaninflorescence accounts
29.8%, minimum temperature during the male and ferflawer development stage,
accounting for 7%, wind speed at primordial stageoants for 5.8%, evaporation
during the branch development stage accounts ¥ &nd evaporation during male
and female flower development stages account f8%2of variance. Thus, these
weather variables together explain for 88.9% ofiarare. The linear regression
equation developed based on these monthly weatheables at various critical
stages and monthly female flower production iscéews.

Y =-2.201%%;-0.353*X,+2.746* X3 +2.095* X, + 0.026*% +0.000068*X%-18.474
Where Y = Number of female flower,;X Mean vapour pressure deficit during the
ovary development stagep X Number of rainy days during the branch develapme
of inflorescence, X = Minimum temperature during the male and femabsvér
development stage, %= Wind speed during primordium initiation stages X
Evaporation during branch development savage and Kvaporation at male and
female development stage. The equation is signifiea 0.01% level (F (6, 62) =
11.073, P<0.001).

4.4.4 Button shedding in coconut

Shedding of buttons is one of the major constraimtsoconut production.
Shedding of button nuts and immature nut fall ag factors in determining the final
yield of coconut palm. The female flowers often dldown at various stages of
development on the spike. This is one of the ssrfmoblems faced by the coconut
farmers. A coconut inflorescence carries on an apeerl6-20 female flowers
(potential nuts) when the spathe opens. Those erflaivers which miss the
opportunity of getting fertilized, wither, get deteed from the spike and shed in the

course of 30 to 45 days. Many research workers ppav forth varied reasons for the
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shedding of female flowers. The salient among tlethat the shed female flowers
when examined had their ovules already abortedy Ttwened major portion of the

shed female flowers. At times the female flowamswn as button are known to shed
even after fertilization. Button shedding has dieen attributed to the formation of
bisexual flowers. The well developed among them fgdilized and develop into

normal nuts, while others mostly wither and shedmoThe possible causes of nut
shedding are fungus or pest attack, nutritionaicaefcies, defective pollination and
weather conditions. High temperature and rainfatterlogging, lack of aeration,

severe drought, attack of pest and diseases arakmsurhanges in the soil pH are
attributed as reasons for shedding of fertilizeavBirs. Baket al., (2003)reported that

button shedding have two peaks in all the varigtoee during summer month and
other during monsoon. The study also indicated shatdding of buttons is directly
related to the number of female flower productieeping the above in view, an
attempt has been made to understand the seasdlnehce on button shedding in
four coconut cultivars tested and analysed the leeatffects on button shedding in

coconut. The results are summarized below.

4.4.4.1 Varietal and seasonal effects

The mean annual button shedding was high (68.4%uttiadi while the least

(64.5%) in Kasaragod (Table 4.26). It indicatedt tKattiadi was more prone to
button shedding when compared to other cultivasteteduring the study period. On
an average, the mean annual percentage of buttaitlisiy was 66.4%.

Table 4.26: Mean button shedding in different ealts of coconut from 2002 to 2007

Season Tiptur Tal Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 71.2 71.2 69.0 66.1 69.4
SWM
(Jun.-Sept) 61.9 59.9 65.8 58.4 61.5
PM
(Oct.-Nov) 60.5 63.3 57.3 63.3 61.1
Winter
(Dec.-Feb.) 74.7 79.1 70.4 70.3 73.6
Mean 67.1 68.4 65.6 64.5 66.4
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The seasonal effect indicated that the button shgddlas maximum (73.6%)
during winter (December- February), followed byrmsner (69.4%) while low during
southwest monsoon (61.5%) , post monsoon seasdl®fpindicating that there is no
significant variation between post monsoon andhse@est monsoon seasons in button
shedding. However, repeated measures ANOVA indicttat there is a significant
seasonal influence on the button shedding in cac@n(B, 108) = 89.224 P < 0.001).
Moreover Interaction between season and varietglgs significant (F (9,108) =
4.257, P< 0.001. There is a significant differemmtehe mean on seasonal button
shedding in coconut (F (3, 36) = 28.339, P<0.0DMRT analysis revealed that the
mean button shedding during summer and winter wggsfisantly different from post
monsoon and southwest monsoon. But there is reree of difference in seasonal
mean button shedding during post monsoon and sesthwonsoon.

The monthly button shedding was minimum (58.5 %August, followed by
November (59.4 %), September (60.3 %), July (62646) @ctober (62.8 %) while it
was maximum (74.7 %) in January, followed by Febyu@4.3 %) and 72.2 % in
March (Table 4.27).

Table 4.27: Month-wise button shedding (%) ofeliént cultivars in coconut

Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod

January 74.7 81.1 71.6 71.4 74.7
February 75.0 79.5 72.8 69.9 74.3
March 72.1 76.1 71.3 69.6 72.2
April 74.4 71.4 68.1 64.1 69.5
May 67.1 66.4 67.4 64.8 66.4
June 68.1 63.2 69.6 59.5 65.1
July 58.7 61.4 69.7 58.4 62.0
August 58.9 55.2 61.2 58.5 58.5
September 61.8 59.9 62.3 57.3 60.3
October 60.5 63.2 59.0 68.7 62.8
November 60.4 63.5 55.6 57.8 504
December 73.6 75.1 66.5 69.6 71.2
M ean 67.1 68.4 65.6 64.5 66.4

It clearly indicated that the monthly button sheddivas gradually decreasing from

January (74.7%) to its lowest (58.5%) in August #mefeafter increasing gradually
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and reaches to its peak in January (Fig. 4.26).Stihdy also revealed that the button
shedding in coconut was high from December to Fafyrduring the winter season,
followed by March, April and May in summer. The taut shedding was minimum
from June to November. All the four cultivars tsled the similar trend in seasonal t

button shedding in coconut.
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Fig. 4.26: Mean monthly button shedding in coconut

4.4.4.2 Effects of weather

The button shedding was maximum (70.8%) in 2085ahd minimum
(55.2%) during 2002-03. The seasonal button shegddias the highest (81.1%) in

winter 2003-04 while lowest (44.6%) in post monseeason during 2002-03 (Table

4.28).
Table 4.28: Mean button shedding in different seaso
Season | Summer SWM PM Winter Total
(Mar-May) | (Jun.-Sept) | (Oct.-Nov) (Dec.-Feb.)

2002-03 62.5 50.4 44.6 63.4 55.2
2003-04 67.6 49.8 66.2 81.0 66.2
2004-05 75.4 69.3 60.7 73.0 69.6
2005-06 66.1 68.2 65.0 76.0 68.8
2006-07 70.2 69.5 68.9 74.6 70.8
Mean 69.4 61.5 61.1 73.6 66.4
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As a whole, the button shedding was maximum (73.@&6)ng winter season in all
the years tested except in 2004-05 in which it elaserved in summer 2004 (75.4%).
It was mainly attributed to the prolonged dry sgedim 1% November, 2003 to 28
March 2004. The second maximum (69.4%) button dingdvas noticed in summer.
The percentage of button shedding was intermed{@fy5%) during southwest
monsoon and post monsoon (61.1%).

An attempt was made to work out cause-effect-i@hatiip through
correlations between the button shedding and weatireables. The result indicated
that temperature of both air and soil, vapour pnessleficit and the Growing Degree
Days (GDD) had significant (0.01 level) positiveraations while soil moisture had
significant (0.01 level) negative correlation withutton shedding in coconut. It
revealed that the button shedding is high whentehgperature and vapour pressure
deficit were high under the soil moisture stressditions. It also revealed that the
button shedding is high when the GDD were highcduld be attributed to the
relationships that existed between the temperaam@ button shedding. All the
cultivars tested during the study period showedsinglar trend (Fig. 4.27), as the
button shedding was high from December to May wiave from June to November.
The same trend is followed in the case of femaledls. It is obvious that the button
shedding is likely to be more if the number of féenlowers is more. The abiotic
factors that are involved in the case of buttonddivg are temperature, vapour
pressure deficit and soil moisture deficit. Higimpeerature, both air and soil, and
vapour pressure deficit adversely influenced th#obushedding in coconut in the
absence of soil moisture. It is evident during $henmer. The low button shedding
from June to November could be attributed to legsour pressure deficit in the crop
environment under no soil moisture stress. Thadfattors like the incidence of pest
and diseases may also involve in the case of bstiedding. When considered all the
biotic and abiotic factors, the seasonal variatiobutton shedding is predominantly
influenced by soil moisture and vapor pressurecdeéilong with the number of

female flowers.
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Fig. 4.27: Monthly female flower production verdugton shedding in coconut
4.4.4.3 Estimation of button shedding in coconut

The principal component analysis of pooled datacateéd that the maximum
temperature alone accounts for 65.7% of varianak tae minimum temperature
accounts 19.4% of variance. The above two compesrtegether explained 89.1% of
variance. Linear regression equation was develdpesed on the mean monthly
maximum and minimum temperatures for estimatiomohthly button shedding in
coconut. The regression equation obtained is ptedéelow:

Y=1.681*X;+3.658*X,-73.042 (F (1,272) =18.345, P<0.001)
The equation is significant at 0.01% level. WhereB¥itton shedding in percentage,

X1 = Maximum temperature (°C) and X Minimum temperature (°C)
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4.5 COCONUT PRODUCTION

4.5.1 Development of nut

The female flowers that are not shed develop armdrhe fully mature in the
course of about 12 months. During the first two therof growth, the inner volume is
provided with liquid endosperm. The endosperm surds a hollow interior space,
filled with air and often a liquid referred to asconut water. This liquid endosperm

contains different saccharides, elements and erezyme
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These products later help the embryo during itsngeation and growth. During the

third month of development the endocarp or theldelelops, and the colour less
solid known as the endosperm appear as small glsteThe endosperm increase
gradually in density and attains white in colouridg the fifth month. The liquid
endosperm becomes sweet and surface of shellygpftked with thick white kernel.
At 5 to 5.5 months of its development, the nutdasidered to be the ideal for use as
tender nuts. The kernel is fully formed BY ®onth of growth. The oil content of the
kernel also increases at this stage. Normalgkes about 10 to 12 months for the nut
to mature. Patel (1938) reported that the growttiodeof spadix from initiation of

primordium to ripening of nuts takes about 44 mentRritical stages of the
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development of the spadix have great influence ield yof nuts. The coconut palm
produces one mature bunch more or less regularlgvary month. Thus at any
particular time, each palm has twelve (or more) dmes at different stages of
development from which at least one mature bunchbeEaharvested monthly. The
influence of weather is same on each bunch (ordséyvand there are marked

differences in quality and quantity of nuts frontsessive harvest.

4 5.2 Varietal and seasonal effects

The annual coconut production was high (75.8/patm)iptur Tall while low
(61.5/palm) in Kuttiadi. It indicated that Tipturall appears to be better among the
four cultivars tested in terms of annual coconadpiction. On an average, the annual
coconut production was 68.3/palm/month (Table 4.2%e mean monthly coconut
production was maximum (9.9/palm/month) in Aprilpllowed by March
(9.6/palm/month), May (8.9/palm/month) and June/@alm/month) while it was
minimum (2.1/palm/month) in December, followed bpvwember (2.5/palm/month)
and October (3/palm/month).

Table 4.29: Month-wise coconut production of difiet cultivars in coconut

Month Cultivar Mean
Tiptur Tall | Kuttiadi Komadan| Kasaragod

January 4.0 3.7 4.0 4.1 4.0
February 7.5 6.3 7.3 6.6 6.9
March 10.8 9.1 9.4 9.3 9.6
April 10.8 9.1 9.9 9.8 9.9
May 10.0 7.9 9.0 8.6 89
June 8.2 6.3 7.8 6.9 7.3
July 7.1 5.1 6.4 5.8 6.1
August 5.0 4.2 4.5 4.5 4.5
September 3.9 3.4 3.6 3.2 35
October 3.4 2.6 3.3 2.8 3.0
November 2.7 2.2 2.8 2.3 25
December 2.5 1.7 2.3 1.9 21
Annual 75.8 61.5 70.3 65.7 68.3
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The study revealed that the coconut productionigh H{9.5/palm/month) during

summer while low (2.5/palm/month) during post mamsseason and intermediary in

southwest monsoon (5.3/palm) and winter (4.3/paltl)the cultivars followed the

same seasonal trend in coconut production (TaB@ 4.

Table 4.30: Mean number of coconut in test culswduring 2002 to 2007

Season Tiptur Tall | Kuttiadi Komadan Kasaragod Mean
Summer
(Mar-May) 10.5 8.7 9.4 9.2 9.5
SWM
(Jun.-Sept) 6.0 4.7 5.5 5.1 5.3
PM
(Oct.-Nov) 3.1 2.4 3.0 2.6 2.8
Winter
(Dec.-Feb.) 4.7 4.0 4.6 4.2 4.3
Mean 6.1 5.0 5.6 5.3 55

As a whole, the coconut production during summear@ - May) was high

contributed 41.7% to annual coconut productionlofeéd by southwest monsoon

(31.3%) and winter (18.9%). The minimum (8.1%) ciimition was during post

monsoon season (Table 4.31).

Table 4.31: Percentage contribution of seasonalragcproduction

to annual
Season Nut yield /palm|  Percentage contribu
to annual yield

Summer 28.5 41.7
Southwest monsoon 21.4 313

Post monsoon 55 8.1

Winter 12.9 18.9

Annual 68.3 100

on

4.5.3 Effects of weather

Year to year coconut production during the studyogevaried significantly,

having maximum (79.5 nuts/year) during 2006, fokkoWboy 2004 (77.7 nuts/year) and

2002 (69.5 nuts/year) while minimum (51.7 nuts/yeuring 2005 (Table 4.32) and

2003 (54.3 nutsl/year).
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Table 4.32: Mean monthly coconut production irfedtént years

Month 2002| 2003| 2004 2005 2006 200'Mean
January 2.8 4.1 3.1 5.0 53 40
February 6.6 5.5 8.4 4.9 8.0 8.3 6.9
March 10.1 7.4 10.8 8.1 11.0 10.5 9.6
April 10.6 8.6 10.9 8.0 11.0 10.6 9.9
May 9.8 7.2 9.9 7.0 10.2 9.2 89
June 8.2 5.0 7.9 4.9 8.9 84 7.3
July 7.2 4.5 7.0 4.4 7.4 -| 6.1
August 5.0 3.9 5.6 3.2 5.1 -] 45
September 3.8 3.0 4.2 2.6 4.2 - 3.5
October 3.0 2.6 3.6 2.2 3.6 -] 30
November| 2.8 2.1 3.0 1.9 2.9 - 2.5
December| 2.3 1.7 2.5 1.5 2.5 -l 21
Annual 69.5 | 54.3 77.7 51.7 79.5 - 68.3

The mean monthly nut production was also high (6ués/palm) during 2006,
followed by 2004 (6.3 nuts/palm), 2002 and 2007 (6ach nuts/palm) while low
(4.3nuts/palm) during 2005 (Fig.4.28) and 2003.reKulted on annual variation in

coconut production.
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Fig. 4.28: The effect of drought on monthly cocoprgduction (nuts/palm) at
vellanikkara

The coconut production is comparatively low dur@3 and 2005. The low
coconut production during 2003 and 2005 was maatiybuted due to the summer
drought during 2002 and 2004. In both the yeaesgethvas a prolonged dry spell from
late November to March (Figs. 4.29 and 4.30). Thenreer drought of 2004 was

declared as one of the severe droughts during wagsteral crops were adversely

affected.
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Fig. 4.30: Weekly rainfall versus soil moisturerfriNovember 2003 to
April 2004 at Vellanikkara

It is interesting to note that the decline in nubguction due to summer drought of
2002 and 2004 was noticed in 2003 and 2005 reseégetiDecline in nut production
was started in the™8month (January) after the drought period was caend it
continued upto December in both the years. Maxindedine in the monthly nut
yield was noticed in the month of June 2003 and52(Fg.4.31). It revealed that
yield reduction was noticed in the following yeaorh eighth month onwards and
reached to its peak in the™&onth and decline in yield continued up td"¥8onth

after the drought period was over.
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Fig.4.31: Effect of drought during summe02®n coconut yield at CDB
Farm, Vellanikkara

As a whole, the coconut production was maximum 1(28uts/palm/year) during

summer while minimum (5.5nuts/palm/year) in posnsuon during the study period

(Table 4.33).
Table 4.33: Mean coconut production in differerdssmns
Season Summer] SWM PM Winter Total
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)
2002-03 30.5 24.0 6.0 10.2 70.7
2003-04 23.0 17.3 4.6 14.3 59.1
2004-05 315 24.5 6.6 10.0 72.6
2005-06 23.2 15.8 3.8 14.4 57.2
2006-07 32.2 25.1 6.7 16.3 80.2
Mean 28.1 21.3 55 13.0 67.9

The result was in agreement with Rao (1988) and &am., (1993). The decline in
yield was 20.6% during 2003 while 24.4 % during 2@@ainst normal. The increase

in coconut yield was 1.7% and 13.7% during 2002 3064, respectively (Table

4.34).
Table 4.34: Percentage deviation of coconut proboiiérom the mean in different
seasons
Season Summer; SWM PM Winter Total
(Mar-May) | (Jun.-Sept)| (Oct.-Nov) (Dec.-Feb.)

2002-03 8.5 12.6 9.3 -21.7 4.1
2003-04 -18.2 -19.1 -17.0 9.8 -13.0
2004-05 12.3 15.0 18.9 -23.6 6.8
2005-06 -17.2 -26.0 -31.9 10.6 -15.9
2006-07 14.6 17.6 20.7 24.8 18.0
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Interestingly, an increase of 16.3% was noticedaconut yield during 2006. It was
mainly attributed to the intermittent rainfall réeed up to the second week of
November and an amount of 7.6 mm rainfall was xezkin January (30.1.2005).
April month alone received very good amount of sben(260.6 mm). The soil
moisture content was relatively high (11.5%) durthg period (Fig.4.32). That is
why the coconut production was more by 16.3% in&08s far as coconut
production is concerned, the year 2006 was a gaad yuring the study period
(2002-2007). This was not the case in 2004 sumpaaty withdrawal of northeast
monsoon in 2003, followed by long dry spell extahde to last week of March
resulted to severe soil moisture stresee Fig 4.30). In addition to this, day maximum
surface air temperature reached up to 39.4%; (5" and 16' March 2004) which

was the highest temperature noticed during theolastdecade.
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Fig. 4.32: Weekly rainfall versus soil moisturerfréNovember 2004 to April
2005 at Vellanikkara

The summer 2002 also followed the same trend agdoyn spell after second week of
November 2001 to third week of March 2002 led tougsht condition during summer
2002. The maximum surface air temperature reacipetb 188.8°C (12.3.02) during

summer 2002 (Fig. 4.33).
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This situation led to low coconut production in fodowing years 2003 and 2005 due
to summer drought in 2002 and 2004. It revealed ¢ady withdrawal of northeast
monsoon and late commencement of summer shower® Isevere moisture stress
during summer 2002 and 2004. During the above ydhaes daily maximum air
temperature shot up to 38 to 39°C during summerthsorThis situation led to
summer drought conditions in the Central Zone ofrake The annul coconut
production declined up to 20.6 - 24.4 % of normalue during 2003 and 2005,
respectively. The study revealed that though theuahcoconut production depends
up on the weather factors three - and - a - hgdars ahead, the decline in coconut
production due to severe summer drought could @ se the following year.
Similarly good summer showers with less durationlyf spell are likely to influence
the coconut yield favourably in the following yearhis could be explained due to the
sensitiveness of various critical crop growth stage soil moisture stress, which

finally decides the nut yield in coconut.

4.5.3.1 Effect of dry spells on the initiation and development of
inflorescence and coconut yield

Development from the flower primordium to harvetiges of mature nuts
take 44 months of which 12 months represent the¢ghéaken from the opening of

spathe to harvest. Effect of weather is evidemtlahe stages of development but the
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influence of weather depends on the stages of eutldpment. Coconut is mainly
grown under rainfed conditions in areas of higmfil. However, these plantations
face summer drought situations as the rainfallrithstion is restricted to only 4 to 5
months a year, leaving remaining period as dryview of the long duration (44
months) between the inflorescence initiation andnmaturation, the occurrence of dry
spell in any year would affect the yield for thebsequent three to four years.
Rainfall, temperature of both soil and air, vappoessure and wind speed are the
major weather variables that influence the yielcewlother external factors such as
female flower fertilization and crop managementcpicgs are not limiting. Park
(1934) observed that the severe drought experiemc&di Lanka affected nut yield
for about two years, with maximum effect occurraigput 13 months after the end of
the drought. This was confirmed by Rao (1986) wionsed that the effect of drought
on nut yield was commenced with eighth month andtinaed for a period of twelve
months thereafter, with a maximum nut reductiontie 12/18' month after the
drought period is over. Rajagolal., 1996 observed that the nut production under
rainfed condition is influenced significantly byetHength of dry spells at critical
stages and the dry spell during the primordiumpwdevelopment and button size is
crucial for the production of nut yield. He alsgported that nut production can be
sustained at relatively high by giving life savimnggation during the summer months.
Kumar et al., 2007 reported that longer dry spell affects niné yield for next four
years to follow with stronger impact on fourth yearespective of the total rainfall.
Since coconut has long reproductive phase, itffecdit to assess the critical stages
which are affected due to soil moisture stress ufidiE conditions. Thus, there is
lack of literature on interaction between the ooence of dry spell and its effects on
various development stages in coconut. Thereforsystematic attempt has been
made to assess the impact of dry spell on initiaéiod development of inflorescence

and nut yield. The results of which are summarizeldw:

The schematic representation of the influence gfspells on the origin and
development of inflorescence is illustrated in A4 (A to F).



118

12
1998 1999 2000 2001
9
=
Dry spells- 18 weeks 24 weeks 21 weeks 22 weeks ‘g
£
6 E
5}
Q
@
=
L3y 2
T T 0
Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep
12
1999 2000 2001 2002 2003
9
=
Dry spells- 24 weeks 21 weeks 22 weeks 19 weeks 20 weeks g
£
6 E
<
Q
2
=}
L3 2
T T T T o
Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep
12
2000 2001 2002 2003
ro
<
Dry spells- 21 weeks 22 weeks 19 weeks 20 weeks 5
£
6 E
5}
a
z
=3
Ly £
0
Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep
12
2001 2002 2003 2004 2005
ro
Dry spells- 22 weeks 19 weeks 20 weeks 23 weeks 19 weeks %
£
6 E
<
a
2
2
r3
T - 0

Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep

12
2002 2003 2004 2005 2006
ro9
Dry spells- 19 weeks 20 weeks 23 weeks 19 weeks 19 weeks
r6
r3
T -0

Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep

Nuts/palm/month

15

2003 2004 2005 2006 2007

T
[
N

Dry spells-20 weeks 23 weeks 19 weeks 19 weeks 23 weeks

Nuts/palm/month

T T T - 0
Jan May Sep Jan May Sep Jan May Sep Jan May Sep Jan May Sep

Fig. 4.34: Duration of dry spells and montbbconut
yieltl CDB Farm, Vellanikkara



119

It is evident that the inflorescence primordium ebhiwas initiated in the
month of June 1998 attained maturity by Februa@22énd the one initiated in July
1998 matured by March 2002 and so on (primordiuntiaiion ending with
December, 1998 matured in August 2002 to completeone life cycle of coconut
production). Like wise, the Figures B to F reprédbe data for the next set of four
years 1999 to 2002-03, 2000 to 2003-04, 2001 tel-2H) 2002 to 2005-06, 2003 to
2006-07, respectively. In all the above years,ttumthly nut yield of coconut was
low (histograms on the right scale) from Septentbedanuary. It could be traced
back to the initiation of respective primordium idgr the dry months three years
earlier (January-May). On the other hand, highymeids obtained from February to
July could be attributed to the primordium initaati coinciding with rainy months
between June and November three years earlier. thembove, it is clear that length
of dry spell during summer prior to the previousethyears influenced the nut yield
pattern and the dry spell during the current ydanasvest had no influence on nut
yield. It is very clear from the yield data of 2304 (Fig. 4.34 C) which had 23
weeks of dry spells but still produced high yididaflorescence primordium of these
bunches was initiated during 2000, experiencingvegks dry spells, followed by a
wet spell (1672.4 mm) during the monsoon months2@®0. This is very well
reflected in the low yield (3.3 nuts/palm) from Sapber 2003 to January 2004, and
very high yield (11.5 nuts/palm) from February tdyJ(2003-04) corresponding to
the rainiest months of June - November 2000. Thiwainly due to recovery of palms
immediately preceded by prolonged moisture stnebigch might have facilitated the
mobilization of reserve food material (Stored jeso the developing sinks
(Rajagopakt al., 1996). It is very clear that nuts/palm in angnth is not influenced
by the weather factors during that month. Thisre/pd by the fact that even though a
dry spell existed from February to May, the nutldiduring these months always

remained high irrespective of the good and pooorat yield year. Poor nut yield
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from September to January, in spite of relativedyymMow dry spells, is indicative of
the bunches with few nuts due to prolonged drylspaticed during various critical

stages of primordium initiation to nut development.

In order to find out the critical stages that aruenced due to prolonged dry
spell during the coconut development, the primardiunitiation period has been
grouped into three categories viz., the primordimmiation from January to May
(group A), June to September (group B) and Octobddecember (group C). Total
dry spell during the various development stagesutfdevelopment varied between
33 to 71 weeks during the study period. The grouis Bharacterized by maximum
dry spells at almost all stages of nut developniéhtweeks dry spell from January
1998 to September 2001). As a whole, the primondnitiated from January to May
accounts for 34.4% of total reproductive stage wgsose to dry spell while 24.7 %
in the case of group B and group C (19.4%). Grouma® a total dry spell of only 1 to
4 weeks during primordium initiation stage and gvdevelopment stage. Total dry
spell ranges from 41 to 50 weeks during the stuelyod in the case of Group B.
Group C has a total dry spell of 33 to 39 weeksraagbrity of growth stages did not
experience dry spell (Table 4.35). The mean monthlyyield per palm of group A
ranged from 2.6 to 3.8 indicating that the totalamelry spell of 64.8 weeks with
20.1% occurring at primordial stage is highly degntal for nut production.
Conversely, 46.5 weeks (Group B) is less damagspe@ally because of less dry
spells of 1, 4 and 6 critical stages (Primordiuntiation, Ovary development and
mature nut stage) and it was relatively free frawudht. This is very well supported
by yield data which recorded a monthly average.8frits per palm. The average nut
production was 6.2 nuts per palm in Group C palmsvhich the dry spell was
intermediary. The primordium initiation in groupd@mmences under relatively low
dry spell between October and December and it expes dry spell from January to
May. That is the reason why the nut yield was neddy better when compared to

group A in which primordium was initiated from Jamny to May.
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Table 4.35: Dry spells during different stages wif cievelopment

Year| Group| Months | Total period of dry spells at various|Total Mean
of stages yield
Initiation (nut /month)
1 2 3 4 5 6 7
A Jan-May |14 | 4 |10 |14 | 8 | 11 |10 | 71 -
1998 B Jun-Sep | 0| 11| 13 1 11 10 1 47 9.3
C Oct-Dec | 4 | 11 1 6 1 0O 10 38 6.8
A Jan-May |13 | 3 7 |14 | 7 | 12| 8 64 2.9
1999| B Jun-Sep 4| 10| 13 1 8 8 2 46 7.1
C Oct-Dec | 7| 12 1 7 3 O 9 39 4.7
A Jan-May |14 | 2 8 | 12| 9 | 11 | 7 63 2.7
2000 B Jun-Sep 1| 11| 11 2 18 7 1 46 10.0
C Oct-Dec | 6 | 10 1 5 1 0 12 3p 6.8
A Jan-May |14 | 2 7 | 11| 9 | 13 |10 | 66 3.3
2001 B Jun-Sep 1 9 8 1 11 10 1 41 6.9
C Oct-Dec | 7 7 3 8 1 0 12 38 4.4
A Jan-May |12 | 4 9 | 14| 7 | 13| 8 67 2.6
2002| B Jun-Sep | 2| 12| 13 1 11 8 2 49 10.0
C Oct-Dec | 5| 12 1 8 1 2l 9 38 7.0
A Jan-May |11 | 2 9 | 12 | 7 9 | 8 58 3.8
2003, B Jun-Sep 1| 12| 11 2 14 9 2 50 9.6
C Oct-Dec | 8 | 10 1 5 1 2l 9 36
A Jan-May |13.0, 2.8 |8.3|12.8| 7.8 |11.5/8.5 |64.8 3.1
Mean B Jun-Sep | 1.5 10.§ 115 1|3 1185|15| 46.b 8.8
C Oct-Dec | 6.2] 10.3 1.3 6.5 13 07 10.2 B36.5 5.9

It clearly revealed that the dry spell during timstfphase (primordium initiation) is
very critical. In addition, the seven stages of development may not exactly pass
through drought in this group C, which resultedbétter nut yield. When we compare
the primordium initiation stages of different greupt is clear that primordium
initiation during the dry period immediately folled by recovery period (during
monsoon) and entering moisture stress immediafedy a brief period of normal soll
moisture availability. In the group A palms, evérhiere was initial stress to palms,
there is possibility of revival these stresses riyimnonsoon extending four months
where in group C palms even though the palm stanihd initial advantage of
adequate moisture availability, the subsequentsggil of 11 to 14 weeks could
damage, if not completely inhibit their developme@roup A exhibited a more
favourable period (monsoon) after initiation ofrpardium than group C. Thus, the
table clearly reveals that Group B conditions amesinfavourable for maximum nut

production. From the above, it is clear that thiltrainfall, number of rainy days
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and the total dry spell are not as crucial as ¢ingth of dry spell at the critical stages
such as primordium initiation, ovary developmentd aputton size nuts which
ultimately determine the yield potential of rainfedconut palms. As the 5 year
average dry spell for the study period (Group Agvealed that out of 64.8 dry
weeks, primordium initiation, ovary development aimditton size nut stage
experienced 13.0, 12.8, 11.5 dry weeks, respeygtividlese three stages altogether
accounted for 57.5% of total dry spell while otstages remained 42.5%. This result
confirms with the study of Rajagopet al., (1996). It accounts for total duration of
dry weeks as 20.1%, 19.7%, and 17.7% only durimggndium, ovary development
and button size nut stage, respectively. It revk#bat primordium stage was most
sensitive to moisture stress, followed by ovarydlewment stage and the stage of

button in coconut.

The monthly rainfall pattern, interspersed with dpell between January 2002
and December 2006 is illustrated in the lower @drfig. 4.35 to understand the
effect of dry spell on number of growth stages ofanut and its overlapping. The
number of growth stages is divided into seven aditistages viz., primordium
initiation stage (1), branch development of infewence (2), male and female flower
development stage (3), ovary development stagerid) spathe opening stage (5),
button size nut (6) and mature nuts (7) stage. Taey closely related to the
development of inflorescence during which distanmesverlaps between the seven
stages among the three groups were noticed. Itwveas so in the first two groups. It
is noted that the length of dry spell at each stage the highest in group A, followed
by group B and group C. The nut yield per palm frGeptember 2005 to August
2006 with three distinct trends is a direct reflactof the initiation of primordium and

its development as coconut were subjected to fheeimce of rainfall or dry spells.

It revealed that the monthly nut yield is betteth& critical developmental
stages of coconut experience less number of driyssaed vice-versa. That is the
reason why, the monthly nut yield is better fromukxy to May, followed by June to

September. It is the least from October to December
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Fig.4.35: Schematic diagram of monthly rainfall dkg) or dry spells
(trough) superimposed on growth stages of infla&ese in
coconut

The correlation studies indicated that rainfall Ipagitive influence on four of seven
lag periods [primordium initiation stage (44 monthegor to the harvest),ovary
development stage (19-20 months prior to harvdaijfon size nut stage (8-9 months
prior to harvest) and mature size nut stage (6-&ithso prior to harvest)] while
temperature and vapour pressure deficit had pesitifluence on three lag periods
[branch development stage (29 months prior to Istfjyemale and female
development stage (24-25 months prior to harvest)spadix emergence (12 months
prior to harvest)]. It indicates that if monsoondd and dry weather continued during
the critical stages mentioned above, the vyield @obk drastically reduced.
Fluctuations in coconut yield during different ygamould be thus explained on the
basis of variations in rainfall pattern. At Vellgkara, early cessation of the Northeast
monsoon during 2001 followed by late commencemdérgummer showers during
2002 led to prolonged dry spell of 19 weeks fromvé&lober 2001 to May 2002.
Similar was the case in 2003-04 also with a drylsfe22 weeks from November,

2003 to April 2004. Rajagopat al., (1996) reported that the unprecedented drought
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adversely affected coconut palms in different degresuch as the total absence of
inflorescence in some leaf axils, the emergencenfbddrescence bunches without
flower initials, enhanced shedding of female flosvand immature nut fall, depending
on the stages of growth which suffered due to ffeceof dry spell the most. That
might be the reason for low coconut production D02 and 2005. Nelliat and
Padmaja, 1978 showed that coconut palm respondtevelimmer irrigation (January
to May). This clearly indicates that adequate gsubisture during primordium
initiation is most essential. This is in agreemerth the present study that enough
soil moisture availability through adequate raihféGroup B) increased nut
production, while inadequate soil moisture in summenths (Group A) adversely
affected nut production. The above study revealet toconut production under
rainfed conditions is influenced significantly blyet length of dry spell at critical
stages. The availability of adequate soil moistdueing the primordium initiation
stage, ovary development stage and button sizestages are the most crucial for
final harvest of coconuts. It is probably known, ywitoconut production under
irrigated conditions is much better when comparethat of rainfed conditions. The
effect of dry spells on several behaviour of motpgal and biotic events could be
well understood provided these studies are takemunger well irrigated coconut

gardens.

4.5.4 Forecasting of Monthly yields

To study the association between the weather uagabnd nut yield of
coconut, correlations were worked out in sevenicalitstages viz., primordium
initiation, branch development stage of infloresmenmale and female flower
development stage, ovary development stage, sjadxgence stage, button nut size
and mature nut stage as these biotic phases atdaritfinal yield of coconut. These
above phases coincide with 44 months, 29 montds252months, 19-20 months, 12
months, 9 months and 6-8 months, respectively poitine harvest.

The correlations between the monthly coconut prbdocand weather
parameters during primordium initiation stage @énths prior to the harvest)

indicated that temperature both air and soil, vagmessure deficit, sunshine and
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evaporation had significant(0.01 level) negativerreation while rainfall, soll

moisture and number of rainy days had signifiéa6id level) positive correlation
with monthly nut yield. It revealed that the cocbmroduction is influenced by
abiotic factors during various critical stages. iHiggmperature, both air and soil,
vapour pressure deficit and low rainfall with lessmber of rainy days 44 months
ahead and 19-20 month ahead adversely affectechtimehly nut yield in coconut.
The above weather variables during the male andalendevelopment stages

influenced positively the coconut yield.

The influence of weather parametersinduthe spadix emergence (12
months prior to harvest) on the monthly nut yieldicated that the temperature of
both air and soil, vapour pressure deficit, windexh sunshine hours and evaporation
also had significant (0.01 level) positive correlatwith nut yield and soil moisture,
rainfall and rainy days had significant (0.01 Igveégative correlation with yield.
But during the button size nut stage (9 monthsrgaoharvest), rainfall, minimum
temperature, soil moisture and number of rainy dagsl significant positive
correlation with nut yield while soil moisture, méall and rainy day had significant
negative correlation with yield. During the latéages (mature nut size), rainfall,
soil moisture and number of rainy days had sigarftc (0.01 level) positive
correlation with nut yield while temperature of aimd soil, vapour pressure deficit,
wind speed, sunshine and evaporation had signtfiq@01 level) negative

correlation with yield .

The pooled weather data during the primordium atitn (44 months prior to
harvest), development of branches of inflorescetage (29 months prior to harvest),
male and female flower stage (24-25 months priohdovest), ovary development
stage, spadix emergence (19-20 months prior toelgrvbutton size nut (9 months
prior to harvest) and mature nut size (6-8 montit po harvest) stage was subjected
to principal component analysis. It indicated thetan vapour pressure deficit during
the ovary development stage alone accounts for%dhBvariance while maximum
temperature during the button size nut stage 28Bitimum temperature during the

spadix emergence stage 10.1%, minimum temperatuniegdbranch development
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stage of inflorescence 4.1%, wind speed at theispamergence stage for 2.6%,
evaporation during the button size stage accour®® land evaporation during the
ovary development stage 1.1% of variance. Thussettgeven weather variables
together explain 90% of variance. The linear regjogsequation developed based on
these monthly weather variables at various critgtages and monthly nut yield as
follows.

Y=53.093 - 0.402*X- 0.009*X;+ 0.092*X; - 0.783*X, + 0.183*X%s -

0.803*Xs- 0.010* X, (R? = 0.78)

Where Y= monthly coconut yield, ;X= Mean vapour pressure deficit during the
ovary development stage, X Evaporation during the ovary development stXges
Minimum temperature during the branch developmeft irdlorescence, X=
Minimum temperature during the spadix emergence=XWind speed during the
spadix emergence stage; XMaximum temperature during the button size nagst
and X = Evaporation during the button size nut stagee &guation is significant at

0.01% level (F (7, 64) =29.574, P<0.001).

Actual and estimated monthly nut yield per palnngghe above equations is
illustrated in Fig.36. The results indicated theg aictual and estimated values were in
good agreement. It can be used for forecastingimhoooconut yield at farm level. If
it is extended for Thrissur district, the distrlevel coconut yield can be predicted
Month - wise. Probably, this is the first attemptdoconut on monthly nut yield

prediction based on weather variables.
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Fig.36: Actual versus estimated monthly coconuldy{@luts/palm) at CDB
Farm, Vellanikkara from 2002 to 2007
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Chapter V

Summer droughts and coconut production

5.1 INTRODUCTION

Drought is a natura hazard that has significant impact on economic, agricultura,
environmental, and social aspects. It differs from other natural hazards by its slow
accumulating process and its indefinite commencement and termination. Being a slow
process athough drought often fails to draw the attention of the farming community, its
impact persists even after ending of the event. The reasons for the occurrence of droughts
are complex, because they are dependent not only on the atmosphere but also on the
hydrologic processes which feed moisture to the atmosphere. Once dry hydrologic
conditions are established the positive feedback mechanism of droughts setsin, where the
moisture depletion from upper soil layers decreases evapotranspiration rates, which, in
turn, lessen the atmospheric relative humidity. The lesser the relative humidity the less
probable the rainfal becomes, as it will be harder to reach saturation conditions for a
regular low pressure system over the region. Drought is commonly considered to be a
deficiency of moisture when compared to some normal or expected amount over an
extended period of time. It is anormal, recurrent feature of climate and is observed in all
the climatic zones. However, it has significantly different characteristics from one region
to another. Drought differs from aridity. Aridity is a permanent feature of climate over
regions where rainfal received is generaly low. On the other hand, drought over a
geographic area is a temporary condition caused by significantly less (deficient) rainfal
for an extended period of time, usually during a season when substantial rainfall is
normally expected over the area. Drought is a relative term used universally with

reference to deficiency of rainfall when compared to normal rainfal of a given location.
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It is a short- coming in understanding the drought as a period or periods of dryness is
related to lack of rain and exists only when rainfall aone is less than normal. To
overcome this, many attempts were made to define drought based on rainfall and
temperature or rainfall and water need or consumptive use. Drought has multiple impacts
on global agricultural, hydrological, eco-environmental and social-economical systems.
Unusual periods of rain-free weeks can bring soil water deficits, result in high livestock
mortality rates and disrupt reproduction cycles, and thus increase the likelihood of food
shortages leading to malnutrition and hunger. A single definition of drought applicable to
all spheres is difficult to formulate since concept, observationa parameters and
measurement procedures are different for experts of different fields. Besides, the concept
of drought varies among regions of differing climates (Dracup et al., 1980). Hence, there

isaneed to review the definition of drought across the different regions.

5.2 TYPES OF DROUGHTS

Drought can be classified as meteorological, hydrological, agricultura,
socioeconomic and physiological depending upon the deficiency of rainfal or soil
moisture stress. However, physiological drought can also occur due to waterlogging
during monsoon in the humid tropics, where rainfal is very high. In genera, the
occurrence of drought is noticed in major parts of India during kharif when monsoon is
delayed or it fails since crops are grown during the above period under rainfed
conditions. The kharif crops raised during monsoon period may experience soil moisture
stress depending on the number of rainless days associated with break of monsoon. The
success of crops during the first crop season depends on monsoon behaviour. The India
Meteorological Department defined drought based on rainfall and the area affected due to

drought during the monsoon season. If the rainfall over the country isless by 10 per cent
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of the long period average and 20 per cent of the cropped area is affected due to drought,
it is defined as the all-India drought.

Indian economy is mostly agrarian based and depends on onset of monsoon and its
further behaviour. The year 2002 was a classical example to know how Indian kharif
foodgrains production is dependant on rainfall of July and it was declared as the all-India
drought, as the rainfall deficiency was 19% against the long period average of the country
and 29% of the area was affected due to drought. Despite technological advantage to
mitigate theill effects of drought, the kharif foodgrain production was adversely affected;
fell by a whopping 19.1%. At large, such adverse affect was not seen over Kerala on
seasona as well as plantation crops though the deficiency of monsoon rainfall was the
highest (35% less to long period average). Though the monsoon rainfall was deficit, the
rainfall distribution was such that the plantation crop production was not adversely
affected. At the same time, it was the summer drought which affects plantation crops
production in the humid tropics like Kerala as witnessed in 1983. Consecutive deficiency
of monsoon rainfall since the last four years over Kerala may aso have long standing ill
effects on magjor plantation crops and seasonal crops that are grown during Mundakan
and Puncha seasons due to shortage of water during summer. In contrast, several districts
in Kerala experienced floods during October 2002, which led to floods and devastated
plantations in Kannur and Kasaragod Districts. Kannur received 370 mm of rainfall on
14™ October 2002, which was the highest and not received since 1924. All these reveal
that weather related disasters viz. droughts, floods, landslides and thunderstorms are of
great concern, leading to economic loss to a considerable extent in Kerala. Most of the
plantation crops suffer due to soil moisture stress during summer. The classification of
severity of drought in relation to coconut is very important. In the case of coconut, the nut

yield is adversely affected in the following year up to 30 to 50 per cent depending upon
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the variety and crop management due to severe soil moisture stress during summer. The
length of dry spells in relation to coconut yield is very important for assessing the nut
yield. Keeping the above in view, the study was taken up to study the impact of summer
drought on coconut yield based on the aridity index which is relatively a better drought

index.

5.3 SUMMER DROUGHTS OVER KERALA

The State of Kerala experienced 29 summer drought years out of 58 (1951-2008),
of which thirteen moderate, six large, nine severe and one disastrous drought (Summer
1983). The decade 1981-1990 experienced more number of droughts (7), followed by
1991-00 (6) and five in 1961-70. The number of drought years was minimum (3) during
the decade 1971-80 (Table 5.1), followed by 1951-60 (4) and 2001-08 (4 each).
Interestingly, the intensity of drought and number of drought years were more during the

decade 1981-90 (7), during which the warmest year was also recorded in 1987 in Kerala.

Table 5.1: Occurrence and intensity of summer droughts over Keralafrom

1951 to 2008
Decade Intensity and occurrence of droughts

Moderate | Large |Severe| Disastrous |Tota %
1951-60 3 1 4 40
1961-70 4 1 5 50
1971-80 1 2 3 30
1981-90 1 5 1 7 70
1991-00 1 3 2 6 60
2001-08 3 1 4 50
Total 13 6 9 1| 29
Drought
Intensity (%) 44.8 20.8| 31.0 34

The departure of aridity index from the median from 1951 to 2008 showed that it is

shifted more towards drier side in recent decades especially form 1980 onwards (Fig. 5.1)
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Fig. 5.1: Departure of Aridity index from the median from 1951 to 2008

The percentage occurrence of moderate drought was more (44.8%) across the State,
followed by the category of severe (31.0%) and large (20.8%). Only one year fell (3.4
percent only) under the category of disastrous drought. The intensity and occurrence of
severe and disastrous droughts were more in recent decades since 1981 onwards. The
variation in aridity index over Kerala showed a marginal increase (3.2%) since last sixty
years. It appears that the intensity of summer drought was more in recent decades,
especially 1981-90, as the aridity was high. The decadal average of aridity index was
high (56.4%) during 1981-90, followed by 1991-00(52.4%), 1971-80 (50.9 %) and 50.5%
in 1961-70 while the aridity index was minimum (48.6%) during 1951-60 (Fig. 5.2).
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Fig. 5.2: Decade-wise aridity index from 1951 to 2008 over Kerala
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Since the decade 1981-90 experienced the highest average aridity index, the more
number of droughts were also noticed during that period. The three decadal mean of the
aridity index showed an increasing trend. Five percent of increase in aridity index was
noticed during 1981-2008 when compared to 1951-80 (Fig. 5.3) leading to more number

of droughts in recent decades.
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Fig. 5.3: Tri-decadal aridity index from 1951 to 2008 over Kerala

5.3.1 Drought characteristics in coconut

Coconut palms show the following characteristics under severe soil moisture
stress depending upon the duration and intensity of summer drought as per the Rao et al.,

2005.

+» Withering and mortality in the case of young seedlings under poor management.
+¢+ Drooping, wilting and drying of lower whorl of leaves.

+» Breakages of leaves at petiole or just aboveit.

« Spindle leaf breaking which lead to mortaity in the case of senile palms under
conditions of poor management.

¢+ Abortion of spadices, starts from October/ November onwards.
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+¢+ Button shedding and immature nut fall.
% Nut size decline and
Finally decline in nut yield in the subsequent year up to fifty per cent depending
upon the type of management. Rethinam et al., 1987 reported that drought effects of
adult pam characterized by bending of leaves, wilting in lower whorls, reduction in
female flowers, shedding of buttons, immature nut fal and drastic decline in nut

production.
5.3.2 Impact of droughts on coconut production over Kerala

Most of the plantation crops suffer due to soil moisture stress during summer. The
seasona and annual variations in coconut production is mainly attributed due to dry
spells within the monsoon and soil moisture deficiency from December to May, if pre -
monsoon showers fail, which is not uncommon in the humid tropics under rainfed
conditions. The severity of soil moisture deficiency is more towards northern districts of
Kerala due to uni- model high rainfall, followed by prolonged dry spell for four to six
months. Of course, the soil moisture status depends not only on soil type but also on
topography, which is a significant feature in Kerala as coconut cultivation is seen in low
land, mid land and high lands. The State of Kerala experienced one disastrous drought
(1982- 1983) since 1951. The decline in coconut production of Kerala was maximum
during 1983-84 (18.3%) when compared to the previous year. The percentage decline in
coconut production due to summer drought was 8.9%, 5.6%, 6.3%, 2.8%, 1.2% and 7.1%
during 1952-53 (Severe), 1971-72 (Severe), 1978-79 (Moderate), 1989-90 (Severe),
1995-96 (Severe) and 2002-03 (Moderate) was respectively (Fig.5.4). Mgority of
drought years showed decline in yield in the following year. The average decline in

coconut production in the following year was up to 18%.
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Fig. 5.4. Effect of droughts on coconut production

5.3.4 Impact of droughts on coconut productivity

The decline in coconut productivity of Kerala was maximum during 1983-84

(19.2%) when compared to previous year. The decline in productivity due to summer

drought during 1952-53 (Severe), 1971-72 (Severe), 1978-79 (Moderate), 1989-90

(Severe) and 2002-03 (Moderate) was 10.8%, 5.2%, 6.9%, 7.1% and 3.6% respectively

(Fig.5.5).
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Majority of drought years showed decline in productivity in the following year when

compared to previous years. The average decline in coconut productivity of the following

year varied between 3.6 to 19%. The decadal coconut production was low (3.01 billion

nuts) during 1951-60, followed by 1971-80 (3.45 hillion nuts), 1981-90 (3.49 billion

nuts), 1961-70 (3.52 billion nuts) and 1991-00 (5.17 billion nuts) while maximum (5.73

billion nuts) in 2001-08 (Fig. 5.6). The low decadal production during 1981-90 is mainly

attributed to more number of droughts experienced during that period.
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Fig. 5.6: Decade-wise number of droughts versus coconut production

The three decadal average number of droughts were more in 1981-08 and the coconut

production was 4.8 billion nuts (Fig. 5.7). The number of droughts have increased to 50%

in 1981-2008 when compared to 1951-80 and the yield was increased only 45%.
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The northern part of Kerala experienced severe soil moisture stress from
December to May. Failure of Northeast monsoon and lack of summer showers lead to
severe drought situation. Therefore, summer droughts were worked out considering
rainfall from December to May at RARS, Pilicode, Kasaragod districts. Based on the
above criteria, intensity of summer droughts was worked out for the period from 1983 to
2008. Out of 13 drought years, 5 each fell under moderate and large, 2 fell under severe
drought and only one under the extreme drought (Table 5.2).

Table 5.2 Occurrence and intensity of summer droughts a RARS,
Pilicode from 1983 to 2008

Decade Intensity and occurrence of droughts
Moderate | Large| Severe | Disastrous| Totd %

1983-90 1 1 1 1 4 50

1991-00 2 3 1 6 60

2001-08 2 1 3 375

Totd 5 5 2 1 13

Drought 385 | 385 | 153 7.7

Intensity (%) ' ' ' '

The percentage occurrence of moderate and large droughts was more (38.5%) at RARS,
Pilicode, followed by the category of severe (15.3%) and Disastrous (7.7%). As awhole,
50% of the years experienced summer drought conditions. It is evident that the coconut
crop is grown in the low and mid lands of Kasaragod district under severe soil moisture
stressin almost haf of the years. It was probably one of the reasons, why the fluctuations
in coconut production were significant from year to year. The decline in coconut yield
during the subsequent year due to disastrous drought year 1982-83 at RARS, Pilicode
was 47.8%. The decline in coconut yield during subsequent year in 1988-89 and 1992-93
was 49.8 and 46.8% respectively. While due to large drought during 1985-86, 1990-91,
1997-98 and 2003-04 the yield reduction in the following year was 44.1%, 43.8%, 18.9
and 1.7% respectively. If the intensity of drought is low Viz., large and moderate, the
decline in nut yield during the subsequent year is not definite and the yield decline did
not exhibit in all the subsequent years unlike in the case of disastrous drought years (Rao

et al., 1994). Thereis alag period between the influence of weather and crop yield as the
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phenology of coconut takes 44 months before the final harvest. However, the duration of
prolonged dry spells from November to May adversely affect the coconut production in

the following year under the field conditions.

5.4 THE EFFECT OF DROUGHTS ON MONTHLY NUT YIELD

The monthly coconut production at RARS, Pilicode, CPCRI, Kasaragod, Aralam
farm, Kannur, CDB, Farm, Vellanikkara, RARS, Kumarakom and CRS, Balaramapuram
were collected for analyzing the effect drought on monthly yield. The mean monthly
maximum coconut production at CPCRI, Farm was observed during the month of May
followed by June, March, April and July while the monthly coconut production was
lowest in the month of September. Seasonal coconut production was found maximum
during summer followed by southwest and post monsoon season while the lowest
seasonal production was observed during winter (Fig. 5.8). At RARS, Pilicode maximum
monthly coconut production was noticed during the month of April followed by May,
March, February and June while the monthly production was minimum in the month of
December. Mean monthly maximum coconut production was noticed during May at
Aralam Farm followed by June, July and August while lowest production was noticed
during the month of February followed by January and December. Seasona coconut
production at Aralam, Farm was high during the southwest monsoon season followed by
summer season and post monsoon and the minimum seasonal production was noticed
during winter season. The mean monthly coconut production at CBD, Farm, Vellanikkara
was maximum in April, followed by March, May and June while it was minimum in
December, followed by November and October. The study revealed that the coconut
production is high during summer while low during post monsoon season and
intermediary in southwest monsoon and winter. At RARS, Kumarakom, the monthly
coconut production was minimum in September, followed by December, November,
January and February while it was maximum in May, followed by April, June, March and
July. The seasonal coconut production was maximum during summer (March- May)

followed by southwest monsoon while low during winter followed post monsoon season.
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At CRS, Balaramapuram, nut harvest is usually carried out once in two months.
Therefore, there were six harvests in a year. The coconut yield was minimum during
September - October, followed by November-December, and July-August while it was
maximum during March-April, followed by May- June and January - February. The
coconut yield during the summer was high followed by southwest monsoon and post
monsoon. The minimum coconut production was during the post monsoon and winter

season.

5.4.1 Effect of drought on monthly nut yield at RAR S, Pilicode

Dry spell was experienced from December 1982 to May, 1983 at RARS, Pilicode.
An amount of 9 mm of rainfall was only received in the month of May. So the early
withdrawal of northeast monsoon and faillure of summer showers led to disastrous
condition over the region. The drought period was over in the month of June after the
commencement of southwest monsoon. The decline in monthly nut yield against normal

was noticed from February 1984 onwards and it continued up to January 1985(Fig. 5.9).
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Fig. 5.9: Effect of drought during summer 1983 on coconut yield at RARS, Pilicode
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Maximum decline in the monthly nut yield was noticed in the month of July 1984. It
revealed that yield reduction was noticed in the following year. The decline in monthly
nut yield was noticed from the 8" month after the drought period was over and maximum
decline in the yield was noticed in 13" month after the drought period was over and it
was continued up to 19" month. Interestingly, the decline in the monthly nut yield varied

between 12.3% to 51.9% during the study period.

Again, dry spell was noticed from December 1988 to May 1989. The severe
drought period was over by the month of June due to onset of southwest monsoon.
Decline in monthly nut was observed from February (8" month) onwards and it
continued up to January 1991 (19" month). Maximum yield reduction was noticed in the
month of June (12" month) 1990 (Fig. 5.10). The decline in the monthly nut yield varied
between 12.8% to 56.4% during the study period. The nut decline due to drought depends

upon the different levels of management as well as the intensity of drought.
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5.4.2 Effect of drought on monthly nut yield at CP  CRI, Farm,
Kasaragod

Dry spell was experienced from 24.12.1997 to 4.5.1998 at CPCRI Farm
Kasaragod. It led to severe drought condition over the region. The drought period was
over by the month of May due to pre monsoon showers (255.2mm). The yield decline
was seen during the month of January (8" month after the drought period) 1999 onwards
and it continued up to March 2000 (22nd month after the drought period). The maximum
reduction in monthly nut yield was noticed in the month of July, 14™ month after the
drought period was over (Fig. 5.11). The decline in the monthly nut yield varied between
11.2% to 82.6% during the study period.
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Fig. 5.11: Effect of drought during summer 1998 on coconut yield at CPCRI,
Farm, Kasaragod

5.4.3 Effect of drought on monthly nut yield at Ara  lam, Farm,
Kannur

Dry spell was experienced from January to May, 1998 at Aralam Farm Kannur.
The drought period was over by the month of June. The yield decline was noticed during

the month of March (9" month after the drought period) 1999 onwards and it continued
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up to March 2000 (21% month after the drought period). The maximum reduction in
monthly nut yield was noticed in the month of August, 14™ month after the drought
period was over (Fig.5.12). The decline in the monthly nut yield varied between 1.5 % -

and 51.5% during the study period.
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Fig.5.12: Effect of drought during summer 1998 on coconut yield at Aralam Farm,
Kannur

5.4.4 Effect of drought on monthly nut yield at CDB , Farm,
Vellanikkara

Dry spell was experienced from December 2001 to March, 2002 and intermittent
light rainfall in the month March and April aa CDB, Farm, Vellanikkara. Early
withdrawal of northeast monsoon and failure of summer showersin March and April led
to drought condition over the region. The drought period was over in the month of May
due the good amount of summer showers received in May (308.4mm). The yield
reduction was seen in the following year due to summer drought. It isinteresting to note
that the decline in nut production was noticed in 2003 January onwards. Decline in nut
production was started in the 8" month after the drought period was over and it continued

up to December 2003. Maximum decline in the monthly nut yield was noticed in the
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month of June 2003 (Fig.5.13). It reveded that yield reduction was noticed in the
following year from eighth month onwards, maximum reduction was seen in the 13"
month and decline in yield continued up to 18" month after the drought period was over.
Interestingly, the decline in the monthly nut yield was varied between 13.8% and 31.5%

during the study period.
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Fig.5.13: Effect of drought during summer 2002 on coconut yield at CDB
Farm, Vellanikkara

Similar was the case in summer drought during 2004 with the dry spell, begining
from 2™ November and it continued up to 29.3.2004. Intermittent rainfall received in the
month of April. So the severe drought condition extended up to April and the drought
period was ended with good summer showers in the month of May (578.3mm). Decline
in yield reduction was noticed in the 8" month onwards and maximum reduction was
seen in the 13" month and the yield reduction continued up to 18" month after the
drought period was over (Fig.5.14). The decline in the monthly nut yield varied between

16.4% and 32.9% during the study period.
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5.4.5 Effect of drought on monthly nut yield at

Kumarakom

RAR S,

Dry spell was experienced from January to April during 1983 at RARS,

Kumarakom. An amount of 18.4 mm of rainfall was only received in the month of May.

The dry period was over in the month of June after the commencement of southwest

monsoon. The decline in monthly nut yield was noticed from January (7th month) 1984

onwards and it continued up to November 1984 (Fig.5.15).
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Maximum decline in the monthly nut yield was noticed in the month of July, 1984 (13"
month after the dry period was over). The decline in the monthly nut yield varied

between 13.6% and 35.7% during the study period.

5.4.6 Effect of drought on monthly nut yield at CRS , Balaramapuram

Severe soil moisture stress was experienced during the summer 1983. The drought
period was over by the month of May. Since the coconut harvest is practiced once in two
months, starting from February, only six harvests were done normally in a year. The
declinein yield was noticed from January to February harvest during 1984 onwards and it
continued up to Mar - April 1985 (Fig.5.16).
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Fig.5.16: Effect of drought during summer 1983 on coconut yield at CRS,
Balaramapuram

Maximum reduction was noticed in November - December. Decline in nut yield varied
between 4.2 and 56.3%. Similar was the case in summer 1989. The decline in yield was
seen in January-February, 1990 and it continued up to November-December, 1990. The
maximum reduction was noticed during November - December (Fig.5.17). Decline in nut

yield varied between 10.3 and 51.3%.
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Fig. 5.17: Effect of drought during summer 1989 on coconut yield at CRS,
Balaramapuram

The summer drought normally ends by June with the commencement of onset of
monsoon. During 1983, the onset of monsoon was on 13" June. The early withdrawal of
northeast monsoon in 1982 followed by delayed monsoon in 1983 prolonged the drought
period. It resulted in low coconut production in the subsequent year, that was in 1984.
The results indicated that the effect of drought on coconut yield was seen in the following
year though the reproductive phase from the initiation of primordium to nut harvest takes
about three - and -a half years. Similar was the case in such summer drought years of

1989, 1998, 2002 and 2004 in various locations of the State.

On examination of the effect of drought on monthly nut yield at various locations
across Kerala, it is understood that the effect of drought on monthly nut yield commenced
in the seventh, eighth or ninth month after the drought period was over in May or June,
depending upon the receipt of pre-monsoon showers or onset of monsoon. The effect of
summer drought on coconut yield continued for a period of twelve months. It revealed
that the effect of drought on monthly yield commenced between January and March after

the drought period was over with the commencement of onset of monsoon and continued
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till January /February of the following year. It was the reason why the effect of drought

on coconut yield is seen in the following year. The maximum decline in monthly nut

yield was maximum in 12" /13" month after the drought period was over (Table 5.3).

Table 5.3: Effect of drought on coconut yield at different locationsin Keraa

Sl. | Nameof the Drought period Effect of drought on monthly nut yield
No station and duration Effect of drought | Minimum | Maximum | Average
on monthly declinein | declinein | gecline
coconut yield monthly monthly T
yield yield 'n(%;s'd
December 1982to | Feb (8" month), 12.3% 51.8% 33.2
May, 1983 1984 to January, | (January, | (Julyl1984)
(6 months) 1985 1985) 13" month
RARS, Pilicode (19" month)
1 December 1988 to Feb (8" 12.8% 56.4% 34.3
May 1989 month),1990 to (March, | (June 1990)
(6 months) January 1991 (19" |  1990) 12" month
month)
January Jan (8" month) 11.2% 82.6% 25.6
2 | CPCRI, Farm, to April, 1998 1999 to March (March (July199)
K asaragod (4 months) 2000 2000) 14" month
(22" month )
December 1997 to | March (9" month) 1.5% 51.5% 24.7
3 | Ardam, Farm, May1998 1999 to (June August
Kannur (6 months) March 2000 1999 1999
(21% month) 14" month
December 2001 to |  Jan, 2003 (8" 13.2% 31.5% 20.6
April 2002 month) to Dec, April June 2003
CDB, Farm, (5 months) 2003 2003 13" month
4 | Vellanikkara (18" month)
December 2003to | Jan, 2005 (8" 16.4% 32.9% 24.4
April 2004 month) to Dec, March June 2005
(5 months) 2005 2005 13" month
(18" month)
December 1982 to Jan, 1984(7" 13.6% 16.2% 23.4
5 RARS, May, 1983 month) to Nov, November | July 1984
K umarakom (6 months) 1984 1984 13" month
(19" month)
December 1982 to Jan - Feb,1984 4.2% 56.3% 31.8
May, 1983 (7/8" month) to | Mar - Apr | Nov-Dec
(6 months) Mar - Apar,1985 1985 1984
6 CRS, (22/23 month) 18/19" month
Balaramapuram | December 1988 to Jan-Feb, 1990 10.3% 51.3% 26.9
May, 1989 (7/8" month) to | May-Jun, | Nov-Dec,
(6 months) Nov-Dec, 1990 1990 1990
(18/19" month) 18/19" month
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It also revealed that the effect of drought on coconut yield under the field condition was
noticed for a period of 12 to 14 months though the reproductive phase from primordium
initiation to nut harvest takes about 44 months. The maximum decline on monthly nut
yield varied between 30 and 80 per cent depending upon the management and cultivar
across the State of Kerala. Even at Kumarakom, where the coconut palms are grown on
bunds under the below mean sea level and the soil moisture in the root zone is not a
constraint, the effect of severe atmospheric drought on coconut yield varied between 13
and 26%. Asawhole, the effect of drought on coconut yield in the following year varied
between 20.6 and 34.3%. Depending upon the yield group in coconut, the effect of
summer drought on nut yield varied between 10 and 30% (Rao, 1993). Though the
summer droughts are not frequent, it is not uncommon in the northern districts of Kerala,
where the area under coconut cultivation is more and grown in rainfed conditions.
Therefore, the coconut palm does experience moderate to severe soil moisture stress
during summer under rainfed conditions depending upon the receipt of pre monsoon
showers or onset of monsoon. The studies also indicated that the effect of drought on
coconut yield is likely to be less under better agronomic and crop protection practices.
Hence, there is a need to follow pro-active measures for drought management in coconut
gardens as their frequency is likely to increase under the projected climate change
scenarios. It is aso a fact that coconut yield is more vulnerable to such weather events
rather than climate change. Of course, the effect of climate change on coconut yield is
likely to be indirect rather than direct in the form of climate variability, which is

discussed in detail in the next Chapter.
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Chapter VI
Climate change and coconut production in Kerala
6.1 RAINFALL

The annual normal rainfall over Kerala from 18812009 is 2827.8 mm with a
standard deviation of 403.6 mm. The dependable @mainfall at 75 per cent level is
2515 mm and the dependable seasonal rainfall gierScent for summer, southwest
monsoon, post monsoon and winter season is 269.418%2.0 mm, 341.0 mm and 26.9

mm, respectively (Table 6.1).

Table 6.1: Monthly and seasonal means of rainfathf over Kerala from 1871 to 2009

Rainfall (mm)
Normal | StandardCoefficient  75% PercentageMann-
Month deviation|of Variation probability contributior] Kendall
(%) to annual| rank
statistics
January 11.0 16.6 151.8 0.4 0.4 1.361015
February 16.8 20.5 121.9 2.8 0.6 1.362395
March 36.7 32.6 88.8 15.5 1.3 1.007002
April 111.3 51.2 46.0 72.6 3.9 1.402146
May 243.7 157.0 64.4 131.1 8.6 0.089226
June 682.4 192.4 28.2 576.7 24.1 -2.64401**
July 638.4 205.4 32.2 509.4 22.6 -1.13081
August 375.5 155.7 41.4 270.8 13.3 0.912292
September | 229.1 123.4 53.9 136.3 8.1 1.533236
October 288.9 107.4 37.2 204.5 10.2 1.688024*
November | 157.0 85.4 54.4 94.2 5.6 1.669822*
December 37.0 37.8 102.1 9.9 1.3 -0.64463
Annual (mm) 2827.8 | 403.6 14.3 2515 100.0 -0.11108
Summer 391.7 159.9 40.8 269.4 13.8 0.966923
Southwest
monsoon 1925.4 | 368.6 19.1 1652 68.1 -1.4349
Post -
monsoon 445.9 138.1 31.0 341 15.8 2.423674**
Winter 64.1 46.6 72.7 26.9 2.3 0.375511

** Significant at 1 % level *Significant at 5 %Vel



150

The coefficient of variation of annual rainfall14.3%, indicating that it is highly stable.
Rainfall during June is the highest (682.4 mm) aodtributes to 24.1% of annual
rainfall (2827.8 mm), followed by July (22.6%). R&ll in August and September
contributes to 13.3% and 8.1% of the annual rdinfaspectively. Rainfall in January is
the least (11.0 mm) and contributes only 0.4% ® dhnul rainfall. The coefficient of
variation is also the highest during January (1%d,8llowed by February (121.9%)
and December (102.1%) and the least during the tdgifall months of June (28.2%)
and July (32.2%). Rainfall during the southwestswon (June - September) contributes
68.1 % of the annul rainfall. The contribution afremer (March - May), post monsoon
and winter rainfall to the annual is 13.8, 15.8 &8l respectively. The seasonal rainfall
during monsoon (June - September) is dependabltheasoefficient of variation is
19.1%.

At the same time, rainfall during winter isdependable as the coefficient of
variation is very high (72.7%), varying between 102 in December and 151.8 % in
January. It is a bi-modal rainfall pattern, expecied in Kerala due to influence of
southwest and northeast monsoon seasons (Fig. 16.5).more pronouncedowards

south of Kerala when compared to that of northéstridts.
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High monsoon rainfall from June to September fodowby moderate dry spell is the
characteristic feature of the humid tropics. Thensumn rains are relatively stable over
Kerala “Gate way of Indian monsoon”. However, thensoon rainfall over Kerala
during 2002 was one of the lowest, if not the lebets by 33% over the long period
average (Table 6.2).

Table 6.2: Percentage deviation of southwest mansaiofall over Kerala

Year June July August September  June-Sept.
2001 -11.9 -26.6 -20.3 38.4 -12.4
2002 -23.0 -58.8 9.1 -58.8 -32.9
2003 -10.3 -11.7 -10.7 -69.6 -17.9
2004 -15.3 -41.5 -26.3 -29.1 -27.8
2005 -9.8 1.7 -50.0 23.8 -9.8
2006 -12.7 -12.9 2.8 92.5 2.8
2007 2.9 40.3 11.5 98.4 28.3
2008 -39.5 -7.5 -24.5 42.5 -16.2
2009 -36.4 27.1 -31.8 35.6 -5.9
2010 -2.0 -1.3 -4.7 19.6 0.4

Out of 14 districts, 12 districts received deficdinfall. The percentage deviation of
monsoon rainfall over Kerala from 2001 to 2010 waded that the deficit rainfall during
monsoon varied from 5.9 to 32.9% over the normakpkin 2007. The year 2007 was
the only year during which the monsoon rainfall weesy high (28.3%) against the
normal and led to floods in low lying areas. Inwi®f the importance of climate
changel/variability, as indicated above, it would dfeinterest to study the long-term
variation of monthly, annual and seasonal tempegatmainfall and its impacts on

coconut.

6.1.1 Annual rainfall trends

The annual rainfall over Kerala was declining thougwas not significant. A

decrease of 11.5 mm only was noticed during theysperiod of 139 years as against the
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normal rainfall of 2827.8 mm. A sort of cyclic tetrwas noticed for 30 - 40 years.
Accordingly, the annual rainfall is likely to in@se in the ensuing years (Fig. 6.20eT

annul rainfall was below normal from 1871 to 1900dwed by wet period. After 1980 the
annual rainfall again showed continuously belownmaly indicating that the annual rainfall

was decreasing in recent years.
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Fig. 6.2: Annual rainfall over Kerala and its nip@nt Gaussian filter

6.1.2 Seasonal rainfall trends

The seasonal rainfall indicated that there was gmifitant increase in post
monsoon season, that is rainfall in October andeNther. Similar trend was noticed in
winter and summer rainfall though not significdbimay be an indication of rainfall shift
as monsoon rainfall was so erratic in recent yeaauis the trend line in rainfall during
southwest monsoon was declining though not sigaiticThe rainfall anomaly and its
nine point Gaussian filter indicate that the seatamd temporal oscillations in rainfall
are predominant. As seen in the case of annu#hihithe seasonal rainfall was also low
between 1871 and 1900, followed by wet years amuetiter decreasing in recent

decades. It was seen in all the seasons (Fig. 6.3).
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Fig.6.3: Seasonal rainfall over Kerala datgl nine point
Gaussian filter

6.1.3 Monthly rainfall trends

The trends in monthly rainfall indicates that irase in rainfall was noticed

during October and November while decrease in div@ast month, June. In remaining
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months, the trends are not significant. As seethéncase of seasonal rainfall, monthly
rainfall oscillations were also predominant. Thentidy rainfall was also low from
1871-1900, followed by wet spell and in recent gedrwas increasing in June, October
and November. A significant decrease in monthiynfedi was noticed in June while
increase in October and November (Fig.6T&e contribution of monthly rainfall to annual

was also declining in June and July while incregsm August, September, October and

December.
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6.2 TEMPERATURE FEATURES

The annual mean maximum temperature over Keraha ff$56 to 2009 is 31.8°C
while mean minimum temperature is 23.4°C. The meanthly maximum temperature
was high (34.5°C) in March while July witnessedow [(29.2°C). The mean monthly
minimum temperature was low (21.7°C) during Janwelile the minimum temperature
was high (25.1°C) in April. The mean monthly tengiare was high (29.7°C) in April
while it was low (26.1°C) in July (Table 6.3).

Table 6.3: Monthly and seasonal temperaturansiever Kerala from 1956 to 2009

Temperature (°C)

Maximum | Minimum Mean Range
January 32.6 21.7 27.2 10.8
February 33.6 22.6 28.1 10.9
March 34.5 24.2 29.4 10.4
April 34.3 25.1 29.7 9.2
May 32.9 24.9 28.9 8.0
June 30.1 23.6 26.9 6.6
July 29.2 23.0 26.1 6.1
August 29.4 23.2 26.3 6.2
September 304 23.4 26.9 7.0
October 31.0 23.4 27.2 7.6
November 315 23.1 27.3 8.5
December 32.1 22.2 27.1 9.9
Annual (mm) 31.8 23.4 27.6 8.4
Summer 33.9 24.7 29.3 9.2
Southwest monsoon 29.8 23.3 26.5 6.5
Post - monsoon 31.3 23.2 27.2 8.0
Winter 32.7 22.2 27.5 10.6
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The maximum temperature was high (33.9°C) duringnreer while low (29.8°C) in

southwest monsoon. The mean surface air temperatace showed similar seasonal
trend as in the case of maximum temperature. Incés® of minimum temperature, it
was high (24.7 °C) during summer while it was |®&2.2°C) in winter. The temperature
range was highest (10.6°C) in winter and least°®)5n southwest monsoon. It is a

peculiar phenomenon where the monsoon is predomiRan 6.5).
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Fig. 6.5: Monthly mean maximum, minimumgan temperature and temperature
range over Kerala

6.2.1 Annual and seasonal temperature trends

The annual maximum temperature over Kerala hasased by 0.72°C over a
period of 54 years from 1956 to 2009 and the mimmtamperature by 0.22°C during
the same period. The increase in mean temperataseOvd7°C during the study period
from 1956 to 2009The trend in maximum, minimum and mean temperathoeved an
increasing trend, indicating that warming Keralaréal due to climate change. The
increasing trend was also noticed in temperatungeathat is the difference between

maximum and minimum temperatures (Fig. 6.6).
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The warming Kerala is more predominant since 1280seen in temperature anomaly

with its 21 point binomial filter (Fig. 6.7).
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Fig.6.7: Annual temperature anomalies and its@ftginomial filter

Increase in temperature is more evident during hseegt monsoon season when
compared to that of the other seasons (Fig.6.8ya#t attributed to decline in monsoon

rainfall in recent years, resulting in high tempere.

15 1
. Southwest monsoon . Southwest monsoon
1S 1S
1 <
H T o5
< ©
§ 05 5
£ | | H
g ol 1 L, | 1 animiniE g | .
2 ] T
= TP [ R L |
< <
2-05 3
g £
o &—05
;-1
g — -
§ B Max. Temperature Anomally — 21- point binomial filter s B Mean Temperature Anomally — 21- point binomial filter
=
-15 1
B3 ¥ 8 XN L 8 X ¥ S 88 8 I B © o ¥ ® « © o ¥ © o © o ¥ o
= = = =3 o o = = = = = =3 o S o © © © ~ ~ =] e =< =3 =4 i=4 i=4 =3
CEE N £33 23 38 88§ 888 8 8§
1 1
— Southwest monsoon —~ Southwest monsoon
g e
2
205 05
§ g
s 1 B I
2 9 I | h Al 8 1 Tt
s £ -
N i T L AR
g @
2 2
£ I
505 £-05
= 2
c B Min. Temperature Anomally = 21- point binomial filter £
s 3 Bl Temperature range Anomally = 21- point binomial filter
-1 1

1956
1960
1964
1968
1972
1976
1980
1984
1988
1992
1996
2000
2004
2008
1956
1960
1964
1968
1972
1976
1980
1984
1988
1992
1996
2000
2004
2008

Fig.6.8: Temperature anomalies and its@ftgsaussian filter during southwest
monsoon season



159

6.2.2 Monthly temperature trends

The monthly maximum temperature showed significacteasing trend in all the
months except April. In the case of minimum tempes only July month showed
significant increasing trend while in the reamingntis the trend was not statistically
significant (Table 6.4).

Table 6.4: Mann-Kendall rank statistics ainthly mean temperatures over Kerala

The

Month/season Temperature

Maximum | Minimum | Mean Range
January 3.1192**| -0.1786 0.7207 1.1928
February 2.4029**| -0.1021 0.6442 0.8485
March 2.3135** | -0.5167 0.6378 1.5945
April 1.0148 -1.2185 0.0383 2.8964**
May 2.6264** | -0.1595 1.1226 3.7571**
June 2.6192**| 0.8292 2.7491*7 4.0889**
July 4.3207* | 2.1818* 4,1589**|  5.3071**
August 4.5890* | 0.8548 3.8400*  5.0212**
September 3.5367**  1.1609 2.9595%%  3.2535**
October 2.9246**| 0.3189 2.8127*7 4.4396**
November 2.2534* 0.8420 2.2069* 4.4396**
December 3.0516**  0.1403 1.9071* 1.5500
Annual (mm 4,9910** | 0.5102 3.4823**|  1.5500
Summer 2.5593*|  -0.5804 0.7654 5.1088**
Southwest monsor | 4.9764* | 1.5052 4.3118**|  4.0439**
Post- monsoon 3.3873**| 0.9376 2.8573*F  3.3933**
Winter 2.9533** | -0.0850 1.0005 1.6872*

** Significant at 1 % level *Significaratt 5 % level

mean temperature during June, July, AugustieSdyer, October, November and
December showed significant increasing trend whiléhe remaining months, trends
were not significant. Trend in temperature rang® ahowed increasing from January to
December. The trend in temperature range duringiaign February, March and
December was not significant while remaining monshewed significant increasing
trend. Linear trend (Table 6.5) indicated thatéase in monthly maximum temperature
varied between 0.12°C (April - 0.0023°Clyear) t@4EC (May - 0.0206°C/year) while
trend in minimum temperature varied between 0.0@ri{A 0.0004°Cl/year) to 0.43°C
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(January - 0.0079°Clyear) over a period 54 yeah® Righest increase in maximum
temperature was noticed in May (1.14°C each) wi&e lowest (0.12°C) was in April.
Decadal and tri-decadal changes in temperaturewelll the same trend.

Table 6.5: Trends in monthly maximum, minimum, mea temperature range over
Kerala

Temperature Temperature
(°C/Decade) (°C/30Year)
Max | Min | Mean| Range Max| Min | Mean| Range Max Min | Mean| Range
January |0.01050.0079 0.0092|0.0027/0.0708/0.0518/0.0613/0.0190/0.3297|0.2598 0.2948/0.069¢
February|0.0071{0.0066/ 0.0068|0.00050.0552/0.0376/0.0464,0.0176/0.2309/0.1458/0.18840.085!
March |0.00650.0027| 0.0046|0.0038/0.0552/0.0126/0.0339 0.0427|0.2242/0.0411) 0.13270.183!
April  |0.0023|0.0004] 0.0014|0.0019/0.0380/0.00820.0231/0.0297/0.1281/0.0171 0.05550.145:
May |0.0206/0.0046/ 0.0126|0.0160 0.2394{0.0512/0.1453/0.1882/0.4647/0.0721]0.2684/0.392¢
June ]0.0165[0.0026 0.0095|0.0139 0.16900.0152/0.0921]0.15370.5045/0.1280/0.31630.376¢
July ]0.0187/0.0042 0.0115|0.01450.1759/0.0276/0.1018/0.14830.5704{0.1321/0.3512)0.438:
August [0.0194/0.0040 0.0117|0.01540.1676/0.02490.09630.1427|0.5562/0.1418/0.3490[0.414<
Septembej0.0205|0.0049| 0.0127 |0.0155|0.2044|0.0436| 0.12400.16090.5894] 0.1394 0.36440.4500
October |0.0170{0.0035 0.0103|0.0135/0.1611/0.0174| 0.089240.1437/0.4528 0.1566| 0.3047[0.296:
November0.0106|0.0047| 0.0076|0.0058/0.118 |0.0257/0.07190.0924{0.2895/0.1141/0.20180.175¢
Decembe(0.0113|0.0016 0.0065 |0.0098/0.086 | 0.00290.0415/0.08890.3236/0.0118 0.16770.311¢

Temperature (°C/Year)

The highest (0.43°C) increase in minimum tempeeatuas observed in January, while
the lowest (0.02°C) in April during 1956-2009. Inetcase of mean temperature, the
highest increase was noticed in September (0.69%8i)e the lowest (0.08°C) was in
April. Temperature range was the highest in MaggtC), while the lowest (0.03°C)

was in February.

6.2.3 Temperature extremes over Kerala

The annual mean temperature recorded over Keratatie highest (28.3°C) in
1987 as against the normal of 27.6°C, followed 822C in 1983. The highest (32.8°C)
annual maximum temperature was also observed if7,1f@8owed by 32.4°C in 1983
while the lowest annual maximum temperature (31)0%@s recorded in 1956 as against
the average maximum temperature of 31.8°C, The doveenual mean minimum
temperature (22.8°C) was recorded in 1974 (TalB¢. @he average night temperature
was high (24.0°C) in 1998 and 1983. The coldesttevinf (21.2°C) was observed in
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1976, followed by 1974 (21.3°C) as against the maght temperature of 22.2°C. The
warmest (23.4°C) winter was recorded in 1998, fedd by 1979 (23.1°C). It is evident
that the warmest year was observed in 1987 whéeectidest in 1956 over Kerala. The
decade 1961-70 and 1971-80 were the coldest (2y while 1981-90 was the warmest
(27.8°C) in Kerala.

Table 6.6: Extreme temperature events over Kerala

Sl. Year Extreme event Observe( Normal
No. temp.(°¢ temp.(°C)

1 1987 | Warmest year 28.3 27.6

2 1983 | Second warmest year 28.2 27.6
3 1987 | Highest annual max. temperature 32/8 31,8
4 1983 | Second highest max. temperature 324 31,8
5 1956 | Lowest annual mean max. temperature 31.0 8 31.
6 1974 | Lowest annual mean minimum temperature 22.8 234

7 1956 | Coldest annual mean temperature 27.0 27.0
8 1987 | Hottest summer 35.2 33.9

9 1983 | Second hottest summer 35.1 33.9
10 1976 | Coldest winter 21.2 22.2
11 1972 | Second coldest winter 21.3 22.2

1974

12 1998 | Warmest winter 23.4 22.2
13 1979 | Second warmest winter 23.1 22.2
14 | 1980-89 Warmest decade 27.8 27.6

6.3 OCCURRENCE OF CLIMATOLOGICAL DROUGHTS OVER KERA LA

The annual aridity index (Fig. 6.9) over Keralawkd a marginal increase (6.1%)
since last 109 years (1901-2009). Annual increasaridity index was significant at 0.05
level. On decade wise (Fig. 6.10), it indicated the aridity index was high in 1991-2000
(19%) and 1981-90 (18.4%) while it was low in 1940 (14%) and 1951-60 (15%)lhe
three decadal mean of the aridity index showechareasing trend (1% over a period of
30 years). Increase was more pronounced in thentréde- decade. The tri- decadal
aridity index indicated that there was an increfase 1961 onwardg¢Fig. 6.11) Itis a

clear indication of climate change in terms of gyithdex.
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Fig. 6.11: Tri-decadal aridity index from 1901 t@0® over Kerala

To derive climatological droughts, the aridity imdevas taken into account. The
departure of aridity index from the median was aber®d for demarcating the intensity of

droughts over Kerala. It indicated that the intgnsif drought was increasing in recent



163

decades of 1981-90 and 1991-2000 during which seamd disastrous droughts were noticed

(Fig.6.12).
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Fig. 6.12: Departure of Aridity index fraitme median from 1901 to 2009

The State of Kerala experienced 53 drought yeatsobd 09 (1901-2009), of which
seventeen were moderate, nineteen were largeedhirtvere severe and four were
disastrous droughts. The decade 1991-00 experienoeel number of droughts (seven),
followed by six each in 1961-70, 1971-80, 1981-88 2001-09 (Table 6.7).

Table 6.7: Occurrence and intensity of climatadagidroughts in Kerala from
1901 to 2009

Decade Intensity of drought Occurrence
Moderal Large Severe| Disastrou3otal of
drought (%)

1901-10 2 2 1 0 5 50
1911-20 2 2 0 0 4 40
1921-30 2 2 1 0 5 50
1931-40 2 0 2 0 4 40
1941-50 0 1 1 0 2 20
1951-60 1 0 0 1 2 20
1961-70 3 2 1 0 6 60
1971-80 3 2 1 0 6 60
1981-90 0 1 4 1 6 60
1991-00 0 3 2 2 7 70
2001-09 2 4 0 0 6 66.7

Total 17 19 13 4 53

Drought

Intensity (%) 32.1 35.9 24.5 7.5
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There was a gradual decline in number of drougaéss/from 1901-10 (five) to 1951-60
(two) while increase from 1961-70 to 1991-2000. ldwer, the intensity of drought was
high in the decade 1981-90 in the form of seve disastrous drought€ver all, the

percentage occurrence of large droughts was m&®%3 across the State, followed by
moderate (32.1%) and severe (24.5%). Only foursyéal (7.5 per cent only) under the

category of disastrous droughts.

6.4 CLIMATIC SHIFTS OVER KERALA

Kerala State falls under the climate type of, B A per humid” climate type in
29 years, indicated 26.6 per cent of the years ettewside. In contrast, the State had
shifted from B to Bs, B, to B, and B, to By in thirty (27.5%), sixteen (14.7%) and two
(1.8%) years respectively, indicating drier sidel#¥% of the years. Only four years fell
under the per humid (A) since last 29 years (T&b&). The moisture index was in
decreasing trend (33.9%) from 1901 to 2009, inthgathat the climate shifted fromyB
humid to B, B, and B humid in recent decades (Fig.6.13). The decrgasamd (1901-
2009) was significant at 0.01 level. The climatétdbwards drier side was more in the
decade 1981-90 as only one year recorded per hghmthte (A) while nine years
between Band B of drier side. However, 1981-90 was a typical aseonly one year

was seen on wet side (per humid).

The decadal average of moisture index was low @68.9uring 1981-90,
followed by 2001-09 (69.1.4%), 1991- 00 (76.2 %} &88.4% in 1961-70 while the
moisture index was maximum (102.7%) during 1921{80pwed by 1941-50 (97.5%)
and 96.0% in 1911-20 (Fig.6.14). The decadal mmsilndex also showed a decreasing

trend of 3.1 % per decade. In terms of increadenmperature, dryness and intensity of
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drought, the decade 1981-90 can be considereceasahmest and driest decade during
the study period. As a whole, the dryness was ravigent since 1981 onwards if the
decadal change is taken into account.

Table 6.8: Climaticfshiover Kerala from 1901 to 2009

Decade Climatic type

B1 B, Bs B, A Total
1901-1910 0 0 2 5 3 10
1911-1920 0 0 3 3 4 10
1921-1930 0 1 1 4 4 10
1931-1940 0 2 1 4 3 10
1941-1950 0 1 1 4 4 10
1951-1960 0 1 3 2 4 10
1961-1970 0 3 3 1 3 10
1971-1980 0 1 4 2 3 10
1981-1990 2 1 6 0 1 10
1991-2000 0 2 3 4 1 10
2001-2009 0 4 3 0 2 9
Total 2 16 30 29 32 109
Climatic
shifts (%) 1.8 14.7 27.5 26.6 29.4

The tri-decadal moisture index was also declinl@{% per 30 years) from 1901 to
2009. It was high (97.3%) during 1901-30, followsd1931-60 (92.9%) and 1961- 90 (78.3
%) while the moisture index was low (72.7%) durit891-09 (Fig.6.15). A gradual decline
in moisture index i sign of climate change in Kerala and the State mvaving from
wetness to dryness with in B- typé climates. From the above studies, it is clbat the
global warming and climate change is real over keead climate shifted from /8o B;

humid type. It is more evident since 1961 onwandsri-decadal basis.
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Fig. 6.15: Tri-decadal stare index from 1901 to 2009 over Kerala
6.5 CLIMATE CHANGE AND COCONUT PRODUCTIVITY IN KERA LA

Climate and climatic change in recent decades bedbm subject of world-wide
discussion. Even high technology was no match arsyef drought/ floods during which
abnormal weather variations were noticed. For exanthe recent drought in kharif

1987, 2002 and 2009 due to monsoon break resuitéowi kharif Indian foodgrains
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production despite different crop strategies codipWeh agrotechniques were adapted to
mitigate the effect of prolonged dry spell. Similaas the case in kharif 1993 in
Rajasthan akharif crops failed totally due to monsoon failure. lar&la also, a similar
situation was seen in summer 1982-83 which expee@the unprecedented drought due
to insignificant rains from 4 November 1982 to 3June 1983. This led to a drastic
decline in coconut crop production in the subsetiyear. The decline in coconut yield
due to drought was about thirty per cent in thesegbent year even under well managed
coconut gardens (Rao, 1986). In the humid tropiks Kerala, where the monsoon
rainfall is stable and dependable, the intra/isemsonal fluctuations in rainfall are not
uncommon which lead to floods/ droughts. Eventshe$ kind repeated frequently in
recent years in Kerala from the erratic behaviotiranfall during southwest and
northeast monsoons. It appears in plantation gmwerind that whether the above

events will frequently occur in Kerala and leadl&zline in plantation crop production.

6.5.1 Climate change

The annual maximum temperature across the Stateéneesasing at the rate of
0.4°C for tri-decade, and it is likely to be 32.2°%2.6°C, 33.0°C and 33.3°C hy 2020,
2050, 2080 and 2100, respectively for the StateKefala as against the average

maximum temperature of 31.8°C under the preserdition (Fig.6.16).
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At the current rate of increase in maximum tempeegtthe increase by 2050 and 2080 is

likely to vary between 1 and 1.3°C, respectively.

At present, the annual minimum temperature acrogsState was increasing at
the rate of 0.1°C for tri-decade. The minimum terapee is likely to be 23.45°C,
23.55°C, 23.65°C and 23.73°C by 2020, 2050, 20&@D24r00, respectively for the Sate
of Kerala (Fig.6.17). At this rate, the increasemimimum temperature is likely to be

between 0.25 and 0.33 by 2050 and 2100, respegtivel
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Fig. 6.17: Projected annual minimum temperatuer ¢ierala

The annual mean temperature across the State wasasing at the rate of 0.3°C for tri-
decade, the mean temperature is likely to be 27.880.°C, 28.4°C and 28.6°C by 2020,
2050, 2080 and 2100 AD, respectively for the Svét€erala (Fig.6.18).
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Increase in the mean temperature is likely to Bea@d 0.7 and 0.9°C by 2020, 2080 and
2100AD, respectively. From the above, it is undmdtthat the projected increase in
maximum temperature is likely to be 0.2 to 1.3°C29p0 AD while it was between 0.05

to 0.33 °C in the case of minimum temperature @i@).
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Fig. 6.19: Projected increase in maximumpimum and mean
temperature by 2020, 2050, 2080 and 2100 since 2010

The mean surface air temperature is likely to bevéen 0.1 to 0.9°C by 2100AD. It
revealed that the rate of increase is likely torfmee in the case of maximum temperature
when compared to that of minimum temperature. As mhaximum and minimum
temperatures were in increasing trend, hot sumraerdikely in ensuing decades. Of
course, the rate of increase in temperature dwigging decades may vary depending
upon the emission of greenhouse gases, in pantitutaemission of C@as it accounts
up to 70-75% of increase in atmospheric temperafure rainfall analysis revealed that a
significant increase in post monsoon rainfall otber State of Kerala while the southwest
monsoon rainfall decreasing but it was not sigaiftc Rainfall during winter and
summer seasons showed insignificant increasingdtréimlike temperature trends,
rainfall trends are not uniform as seen on seasage. Therefore, the rainfall projections
were not worked out. However, rainfall distributiss likely to be erratic with decline in

monsoon rainfall while increase in post monsoonfadli as evident currently.
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6.5.2 Trends in coconut area, production and produc tivity in Kerala

The trend in coconut area from 1951-60 to 2008-@8 steadily increasing and
the percentage increase over the period was 9296(ED). It is obvious that the coconut
production since last six decades followed thelgsintiend of coconut area. In the case of
coconut productivity, there was a sharp declinenfd®51-60 (6578 nuts/ha) to 1981-90
(4693/ha) and thereafter increase was noticed damtetwo decades. However, the

coconut productivity could not reach to the leviel850s (6578 nuts/ha).
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Fig. 6.20: Trend in decadal area, production aratlgetivity of
coconut over Kerala

The percentage decadal departure in terms of predyction and productivity in

coconut clearly brought out the negative trendhéndecades 1961-70 and 1981-90 (Fig.
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6.21). The negative trend in coconut productivigswnuch more (17.9%) in the decade

1981-90.
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Fig. 6.21: Percentage decadal departure of preduction and productivity from
the mean

6.5.3 Climate variability and coconut productivity

The decade 1981-90 in Kerala was the warmest deaaderms of high
temperature and the driest decade in terms ofsitteaf summer drought. Both together
adversely affected the coconut productivity. Itase of the reasons, why, coconut
productivity was low in the decade 1981-90. Theortwt productivity was the least in
1983-84 (3814 nuts/ha), followed by 1987-88 (431fstha) and 1986 - 87 (4494
nuts/ha) as against the normal productivity of 56itfis/ha. The decline in coconut
productivity of Kerala was maximum during 1983-84.2%), followed by 1986-87
(6.2%) and 4.0% in 1987-88 when compared to thepews/e previous year.
Interestingly, all the above three low coconut pictvity years fell in the decade 1981-
90 (see Fig 6.23). In addition, replanting of coconut was taken dyring 1960s and
1970s due to senile palms and spread of root Wikko@onut in southern districts of
Kerala. However, the decline in coconut producgivih the decade 1981- 90 was
predominately due to the occurrence of summer drsugSuch was the case in the year

2002-03 during which the coconut productivity wasd by 3.6% (5895 nuts/ha) in the
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recent decade. The interannual variation in cocgmatuction since last one decade
could be attributed due to weather aberrationeeims of prolonged rainy season like
2007 and 2010, continuous decline in monsoon rhifrifam 1999 to 2005 resulted to
scarce water resources during summer, heavy hadidiaring summer in 2004, 2009 and
2010 due to high maximum temperature and sevesekattf coconut mite in addition to
low market price. As a result of continuous declineainfall there was a hydrological
drought during summer 2004 and the coconut prodomicivas adversely affected. The
low coconut market price from 2007 to 2009 led taemers to neglect the coconut
gardens. As a result, the coconut production duz@g0 was very low in the State of
Kerala. It was one of the reasons for price hikéhinlast quarter of 2010 in the case of
coconut. This situation is likely to continue 014 too. As per the latest reports, it
indicated that the import of coconut oil was thaslkein 2009-10. The percentage decline
in coconut oil import was 74.8% in 2009-10 when paned to that of 2008-09. This was

another factor for increase in coconut price dugg0-11.

6.5.4 Climate change impact on coconut productivity

The coconut productivity on tri - decadal basis wagh (5762 nuts/ha) during
1951-80 when compared to that of 1981-09 (5670nha)s/The percentage decline was
1.6% in 1981-09 when compared to that of 1951-8@ould be attributed to climate
change as there was a decline in coconut prodtyctivom the previous tri-decade
(1951-80) to current tri - decade 1981-09. There wadistinct difference in rainfall
distribution, aridity index, number of summer drbtgg moisture index and temperature
from 1951-80 to 1981-09. Increase in temperaturgita index, number of severe
summer droughts and decline in rainfall and moestndex were the major factors for a
marginal decline or stagnation in coconut produtgtiover a period of time. It can be
clear signal of decline in coconut productivity dogglobal warming and climate change
(Fig. 6.22 and Fig.6.23). Therefore, there is adahrto coconut productivity in the
ensuing decades due to climate variability and atérchange (Fig.6.24). In view of the

above, there is an urgent need for pro-active nieasas a part of climate change
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adaptation to sustain coconut productivity in thaté& of Kerala, having a lion share in

coconut productivity of the country.

Climate variability

Climate change
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Fig. 6.23: Decadal and tri-decadal maximum, munmmean temperature, temperature
range and productivity of coconut
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Fig. 6.24: Projected coconut productivity by2802030, 2050, 2080 and 2100

The Impact of climate change on coconut productias also assessed by Kumar
and Aggarwal (2009) for 13 agro-climatic zones espnted by 16 centres using
validated Info Crop-Coconut simulation model. Thedal output on temperature and
rainfall projections as simulated by Had CM3 moftelthe years 2020, 2050 and 2080
for 3 scenarios viz., A2a, B2a and A1lF wherein dbmospheric concentrations would
reach by 715, 562 and 1150 ppm and the correspgmanease in global temperatures
would be about 3.3°, 2.3° and 4°C, respectivelyieyend of the century. However, the
recent model output indicates that the global wagms likely to be below 3°C by 2100
AD and through mitigation strategies already ongawross the world, it is likely to be
between 2 and 2.5°C. Since the projected [@@els are abnormally high, it is obvious
that the temperature rise projected also will bghhiEven at high temperature
projections, the authors indicate that the cocamatiuctivity on all India basis is likely
to go up by up to 4% during 2020, up to 10% in 2868 up to 20% in 2080 over current
yields due to climate change. Along the west goaslds are projected to increase by up
to 10% in 2020, up to 16% in 2050 and up to 39%2®%0 while in the East coast yields
are projected to decline by up to 2% in 2020, 898060 and 31% in 2080 over current

yields. Yields are projected to go up in Kerala,Hdieastra and parts of Tamil Nadu and
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Karnataka while they are projected to decline irdiAma Pradesh, Orissa, Gujarat and
parts of Tamil Nadu and Karnataka. It reveals tiwatonut productivity across the State
of Kerala is likely to increase due to global wanmiand climate change. However, the
model results cannot be taken into account ontmeed basis as the global warming is
likely to increase the frequency of occurrence lobds and droughts, which affect
coconut production adversely as seen in the paiterState of Kerala. Moreover, any
increase in temperature during the second phasatafevelopment is likely to influence
the nut size and thereby the copra outturn anccailtent. The second phase of nut
development is more sensitive to high temperatimeaddition, the inputs like projected
CO; levels used in the model may also not be realisticerefore, the coconut
productivity is unlikely to decline under the projed climate change scenario as the
occurrence of floods and droughts is likely to etffthe crop adversely and their

frequency is likely to increase under the projedci@date change scenario.

There was a decline of 54.2% in summer mean raifitan December to May
while increase in mean temperature was 0.8°C duhegdrought years in 1983, 1986
and 1987 in the warmest decade of 1981-90. Theeaser in maximum temperature
varied between 0.5 and 1.3°C while minimum tempeeabetween 0.2 and 0.9°C during
the above years. The maximum temperature variesdaet 34.4 and 35.2°C as against
the mean maximum of 33.9°C (Table 6.9). The in@easannual maximum temperature
varied between 0.4 and 1.0°C while the minimum leetw0.3 and 0.7°C during 1983,
1986 and 1987. The increase in average tempenadned between 0.3 and 0.5°C. The
decline rainfall in summer leads to moderate toviiesoil moisture stress depending
upon its distribution. In such a situation anyrease in temperature may adversely affect
the coconut yield under the rainfed conditionsrelteals that decline in rainfall together
with increase in temperature for longer duratioonfrDecember to May will lead to

decline in coconut yield.
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Table 6.9: Temperature and rainfall during the tmgonut productivity years in the
warmest decade of 1981-90

Season Year Temperature (°C) Increase in temperatuje| (°C
Max | Min Mean| Range Max| Min| Mean| Range
1983 32.4| 240  28.2 8.4 0p 06 0p 0.

1986 32.2| 236 27.9 8.5 o4 02 03 0.
Annual 1987 32.8| 238 28.3 8.9 10 04 0y 0.b
Mear | 31.& | 234 | 27. 8.4 07104 )| 05 0.2
1983 35.1| 256 30.3 9.4 1 09 10 0.p
1986 344 253 29.8 9.2 0p 06 O, 0.
Summer | 1987 35.2| 249 30.1 10.3 183 0{2 048 11

(=)

=)

[$]
(=)

Mear 33.C | 247 29.5 9.2 1.C | 0.€ 0.8 0.4
Rainfall (mm) Percentage decline
1983 112.6 -75.6
1986 298.1 -35.5
Dec-May 1987 224.2 515
Total 462.£ 54.2

Therefore, warming Kerala adversely affect theoowt yield under the projected
climate change scenario. Despite advanced techieslogarieties introduced, increase in
coconut area under irrigation during summer wittidseerop management and protection
measures, the coconut productivity could not bee@ased during the current tri-decade
of 1981-2009 when compared to that of previousdecade of 1951-1980. In fact, there
was a marginal decline in coconut productivitycduld be attributed to climate change
as evident in terms of increase in temperaturédjtgrindex, number of severe summer
droughts and decline in rainfall and moisture indexing the warmest and driest decade
of 1981-90 in Kerala. Moreover, any increase ingemature is likely to lead to more
water demand and the coconut crop is likely to bden soil moisture stress in lean
months under rainfed condition with scarce watesoueces as majority of coconut
gardens in Kerala are grown under rainfed condstidn view of the above, the Info
Crop-Coconut simulation model taken up in the afssoconut productivity projections

need to be modified and tested further.
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6.5.5 Climate variability and coconut prices

Global warming and climate change may lead to ogecwe of floods and
droughts and cold and heat weaves across the Wores more so in recent decades.
The global foodgrain production was adversely afféaue to occurrence of flood and
droughts and heat and cold waves. As a resultvofé@dgrains the world over, the food
price escalation is alarming since 2007/2008 onwafdr the first time, it was felt that
the global warming and climate change may indiyelethd to food price escalation due
to low production of foodgrains across the Worldefiefore, weather aberrations may
indirectly lead to increase in food price globahyensuing decades as their frequency is
likely to increase. Of course, the food price flation is a complex one and depends on
several internal and external factors in additierweather aberrations. In coconut also,
such trends were seen in price fluctuations in lemahich is a major coconut producing
state in the country. Many of the researchers, evitudying the price behaviour of
coconut, copra and coconut oil, observed seasgmalfrice (Babu and Sebastian 1996),
but it was also observed that much of variation daes to irregular components (Haridas
and Chandran, 1997). Gadhatal., (2001) also studied the price behavior of cotamu
Saurashtra region of Gujarat State. A steep iner@asoconut price was seen in 1984
due to low coconut production in Kerala as a resifummer drought in 1983 and for
the first time, the coconut growers got a high puemof more than Rs. 2200/- per
quintal of copra. Under the open auction sale, magerage Rs. 3.07/- per coconut was
obtained at the Regional Agricultural Researchi@tatPilicode in 1984 as against Rs
1.70/- per nut in 1983 (Table 6.10). Such trend waen in lean crop years due to
adverse affect of weather vagaries. Again, theephike in coconut was noticed from
1991 to 1993, 1996 to 1999 and from 2002 to 2006te%p increase in coconut price
was again noticed since October 2010 onwards duectiwonut production within the

State of Kerala and neighboring coconut productatges.
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Table 6.10: Climate Variability and coconut pri¢BRARS, Pilicode)

Price of coconut in Indian Rupee¥ear | Price of coconut in Indian Rupees

vear Highest Lowest | Average Highest Lowest Average

1979 1.10 (Mar) | 0.99 (July 1.03 1998.45 (Dec)2.75 (Jan) 3.00
1980 1.64 (Oct) | 1.46 (Dec 1.50 1996.82 (Dec)3.00 (Aug) 3.86
1981] 1.65 (May)| 1.06 (Oct) 1.31 1997 5.67 (Jan) 4.21 (Sep) 4.82
1982 1.40 (Dec) | 1.00 (Jan) 1.18 199845 (April) 3.77 (Sep) 4.00
1983 2.10 (Sep) | 1.30 (May) 1.70 | 1999 5.70 (July) 3.75 (Jan) 491
1984] 3.50 (June) 2.10 (Jan) | 3.07 | 2000 4.56 (Jan) 2.4 (Oct) 3.22
1985| 2.27 (Feb) | 1.30 (Nov 1.69 2003.60 (Dec)2.46 (Feb) 3.00
1986| 2.25 (Nov) | 1.37 (Feb) 1.8{ 2002 4.62 (Dec)4.00 (April 4.37
1987/ 2.80 (Dec) | 2.30 (Jan) 2.5/ 2003| 5.62 (Oct)| 4.30 (May 4.93
1988 3.20 (Dec) | 2.35 (July 2.71 2004 5.90 (Aug)5.26 (May) 5.58
1989 2.15 (May)| 1.72 (Oct) 1.93 2005/ 5.50 (April] 3.81 (Nov) 4.66
1990 3.00 (Dec) | 1.78 (Jan) | 2.26 | 2006|5. 00 (Feb|3.13 (July) 4.07
1991] 3.80 (Feb) | 1.10 (May) 3.15| 20073.70 (Dec)|3.33 (Sept 3.52
1992 4.20 (Mar) | 3.85 (May)| 3.98 | 20084.63 (July)|3.73 (Jan) 4.18
1993 4.51 (Jan) | 3.20 (July)| 3.90 | 20094.65 (Feb)| 3.01 (Oct 3.83
1994] 3.71 (Dec) | 2.51 (Sep 2.77 20168.50 (Dec) 3.30 (Jan) 4.90

N—

The coconut farmers get Rs 6-10/- per nut dependpan the nut size. Consumer is
paying Rs 8-12/- per nut as per the coconut prieggiling in the market during January
2011. One of the factors attributed to low produttin 2010 was due to negligence of
coconut gardens without any crop management ancowement practices due to very
low coconut price offered to coconut farmers iniadd to the adverse affect of weather
aberrations in the State of Kerala. In additiorgazwt price in Kerala may depends on
several factors viz., import export policy, totaiconut production outside Kerala, less
edible oil consumption coconut oil use in the irntdes as several substitutes are used in
place of coconut oil. Import of palmolene oil mag bne of the major contribution
factors in declining oil price. The ever highesterof coconut was offered in December
2010 (Rs. 6.50/nut), followed by 1999 July (Rs.0#nunt) and January 1997 (Rs.
5.67/nut) while the lowest price noticed in July7@9Rs 0.99/nut), followed by 1982
January (Rs.1.00/nut) and 1981 October (Rs.1.06/Atitpresent, the coconut price in
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Kerala is very high (more than Rs 8/- per nut)hia bpen market and coconut growers
get reasonably good price for his farm produce .gFRp). The price per coconut
revolved only between Rs.3/- and 4/- from 2007he third quarter of 2010. Another
reason for price hike is that the oil-palm yieldsimdonesia and Malaysia have shrunk
this year because of dryness caused by El Ninohaasly rain brought on by La Nina.
The import of coconut oil was also very low. Thergemtage decline in import of

coconut oil in 2009-10 was 74.9% when comparethabd of 2008-09.
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Fig. 6.25: Coconut production and nut prices overafa

With all above the factors which influence the hikecoconut price, there is a strong
linkage between the local coconut production andepas seen in the case of low
coconut production during weather abnormalitieg ldevere summer droughts in the
State of Kerala. It indicates that pro - active sueas in terms of EXIM policies and

local regulations at the State level are the néeldeohour against price hike in the event

of weather abnormalities which influence the co¢g@raoduction adversely.
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Chapter VII

Crop yield forecasting of coconut

7.1 EFFECT OF WEATHER VARIABLES ON COCONUT YIELD

7.1.1 Temperature

The maximum temperature during May showed sigmiticeegative influence
on coconut productivity during the current yeargorear, two year, three year lag
period. April maximum temperature had significanegative influence on
productivity during the current year and two yeag Iperiod. The maximum
temperature during October had significant negatfleence on productivity during
two year and three year lag period (Table 7.1)t Bethe months had no significant
influence on coconut productivity.

Table 7.1: Correlation between Maximum terapge and coconut productivity

Lag period
Month/season Current year | One year | Two year Three yeal
January -0.004 0.059 0.066 0.196
February -0.065 -0.040 -0.022 0.098
March -0.222 -0.052 -0.216 0.038
April -0.291* -0.201 -0.271* -0.202
May -0.457** -0.418** | -0.365** -0.270*
June -0.076 0.008 -0.134 -0.071
July -0.161 -0.181 -0.235 -0.147
August 0.056 0.171 0.102 0.153
September -0.242 -0.204 -0.154 -0.124
October -0.226 -0.185 -0.319* -0.270*
November -0.064 -0.089 0.005 -0.033
December -0.189 -0.117 -0.155 -0.155
Annual -0.302* -0.289* -0.161 -0.030
Summer -0.400** -0.392*%  -0.232 -0.210
Southwest monsoon -0.126 -0.153 -0.077 0.050
Post Monsoon -0.230 -0.213 -0.199 -0.060
Winter -0.088 -0.064 -0.055 0.110

** Significant at 1 % level *Significant at 5 %evel

The annual and summer maximum temperature shovgmifisant negative

influence on coconut productivity. The results gaded that high maximum
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temperature during the current year and one year py harvest had detrimental
effect on productivity. It was found that when themmer maximum temperature
crossed above the average value of 33.9°C, thenabgaroductivity was below

(69.2% of years) average in the following year (Fig).
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Fig.7.1: The effect of summer maximi@mperature (one year lag) on
coconut productivity

Non orthogonal analysis of the summer maximum teatpee during one year lag
period and coconut productivity indicated that 22.6f variability is explained by
summer maximum temperature. It was observed thaénwhnnual maximum
temperature crossed above the average value ofG31tBe coconut productivity is

below (48.2% of years) average in the followingry@ag. 7.2).
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Fig. 7.2: The effect of annual maximwmperature (one year lag) on
coconut productivity
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The minimum temperature during May had significaagjative influence on coconut

productivity during current, one year and two yearperiod (Table 7.2).

Table 7.2: Correlation between Minimum tenagpare and coconut productivity

Lag period
Month/season Currentyear | One year Two year |[Three year
January 0.101 0.100 0.222 0.294*
February 0.081 0.006 0.155 0.155%
March -0.066 0.040 0.050 0.214
April -0.203 -0.185 -0.207 -0.138
May -0.368** -0.329* -0.284* -0.183
June 0.045 0.159 -0.039 0.07¢6
July -0.047 -0.083 -0.159 -0.086
August 0.149 0.202 0.096 0.263*
September -0.135 -0.086 -0.224 -0.04L
October -0.121 -0.014 -0.166 0.00d
November -0.004 0.009 -0.029 0.044
December -0.116 -0.063 -0.186 -0.184
Annual -0.053 -0.087 0.060 0.130
Summer -0.234 -0.208 -0.066 -0.03(
Southwest monsoon 0.050 -0.099 0.069 0.120
Post Monsoon 0.008 -0.103 0.026 0.130
Winter 0.048 -0.024 0.096 0.140

** Significant at 1 % level *Significart 5 % level

The minimum temperature during January and Augusl Bignificant positive

correlation on coconut productivity during threeaaéag period. Rest of the months

and seasons had no significant influence on coqamuatuctivity.

The mean temperature during May and April showephicant negative

influence on coconut productivity during the cutrgear, one year, two year, three

year lag period (Table 7.3). The mean temperaturangl October had significant

negative influence on coconut productivity durihg two year lag period. Rest of the

months had no significant influence on coconut pobidity.



184

Table 7.3: Correlation between Mean tempeeadnd coconut productivity

Lag period
Month/season Current year | One year Two year |Three yea
January 0.069 0.095 0.183 0.288*
February 0.029 -0.016 0.107 0.164
March -0.176 -0.010 -0.105 0.154
April -0.273* -0.211 -0.264* -0.190
May -0.439** -0.400** -0.348** -0.246
June -0.034 0.065 -0.105 -0.019
July -0.127 -0.154 -0.221 -0.133
August 0.102 0.207 0.113 0.222
September -0.229 -0.183 -0.194 -0.10f
October -0.211 -0.140 -0.296* -0.196
November -0.048 -0.058 -0.014 0.003
December -0.187 -0.109 -0.222 -0.220
Annual -0.216 -0.225 -0.070 0.050
Summer -0.357** -0.340** -0.176 -0.140
Southwest monsoon -0.068 -0.146 -0.026 0.080
Post Monsoon -0.156 -0.196 -0.124 0.020
Winter -0.012 -0.048 0.038 0.140

** Significant at 1 % level *Significant & % level

The summer average temperature showed significagetive influence on coconut
productivity. The result indicated that high averagmperature during the current
year and one year prior harvest had negative effeqiroductivity. It was observed
that when the average temperature crossed abovavérage value of 29.3° during
the previous summer, the coconut productivity welsw (73.9% of years) average in

the following year (Fig.7.3).
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Fig.7.3: The effect of mean temperature (one yagy bn coconut
productivity
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Non orthogonal analysis of summer average temperaturing one year lag period
and coconut productivity indicated that 11.3 % afiability in coconut productivity

is explained by summer mean temperature.

The temperature range (difference of between maximand minimum)
during May showed significant negative influencecmconut productivity during the
current year, one year, two year, three year laiggéTable 7.4).

Table 7.4: Correlation between temperature rangecanonut productivity

Lag period

Month/season Current year | One year Two year| Three year
January -0.124 -0.075 -0.221 -0.212
February -0.116 -0.030 -0.162 -0.092
March -0.157 -0.084 -0.250 -0.156
April -0.188 -0.083 -0.156 -0.132
May -0.401** -0.369** -0.325* -0.269*
June -0.153 -0.124 -0.171 -0.174
July -0.196 -0.195 -0.209 -0.142
August -0.037 0.060 0.051 -0.011
September -0.220 -0.203 -0.062 -0.130
October -0.203 -0.217 -0.278% -0.326*
November -0.052 -0.079 0.024 -0.057
December -0.023 -0.023 0.063 0.062
Annual -0.300* -0.247 -0.238 -0.160
Summer -0.326* -0.334* -0.252 -0.250
Southwest monsoon -0.201 -0.125 -0.152 -0.020
Post Monsoon -0.261 -0.149 -0.231 -0.170
Winter -0.121 -0.025 -0.150 -0.070

** Significant at 1 % level *Significant & % level

The temperature range during October had a negatiheence on productivity
during two year and three year lag periods. Regshefmonths had no significant
influence on coconut productivity. The summer terapge range had significant
negative influence on coconut productivity durit@ tcurrent year and one year lag
period. It was found that, when summer maximum tnapire crossed above the
average value of 9.2°C during the previous sumitier,coconut productivity was

below (65.5% of years) average in the followingryéag.7.4).
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Fig. 7.4: The effect of temperature range dusngimer (one year
lag) on coconut productivity

Non orthogonal analysis of temperature range dusimgmer season one year lag
period and coconut productivity indicated that 0®l§% of variability is explained by

summer temperature range.

7.1.2 Rainfall

The May rainfall had significant positive influenc& coconut productivity
during the current year, one year, two year, thyear lag period. Rainfall during
October had significant positive influence on praitliity during one year and three
year lag period (Table 7.5). Rest of the months hadsignificant influence on
coconut productivity.

Table 7.5: Correlation between rainfall and cocgroductivity

Lag period
Month/season Current year One year Two year| Three year
January -0.068 -0.039 -0.068 0.022
February 0.046 -0.049 0.046 0.111
March 0.231 0.099 0.231 0.227
April 0.159 0.045 0.159 0.227
May 0.325* 0.339** 0.325* 0.322*
June -0.081 -0.160 -0.081 0.021
July 0.199 0.240 0.199 0.121
August -0.073 -0.166 -0.073 -0.165
September 0.113 0.118 0.113 0.029
October 0.195 0.320* 0.195 0.323*
November -0.081 -0.016 -0.081 -0.183
December -0.016 -0.086 -0.016 -0.123
Annual 0.289* 0.262* 0.227 0.020
Summer 0.396** 0.432** 0.330* 0.311*
Southwest monsoon 0.045 0.038 0.028 -0.190
Post Monsoon 0.244 0.131 0.185 0.190
Winter -0.074 -0.141 -0.016 -0.070

** Significant at 1 % level *Significant & % level
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The summer rainfall had significant positive infhee on coconut productivity during
the current year, one year lag, two year and thieae lag period. It was found that,
when summer rainfall was below the average valué0df mm during the previous

summer, the coconut productivity was noticed be(68:1% of years) the average in

the following year (Fig.7.5).
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Fig.7.5: The effect of summer rainfall (one yeag)l on coconut
productivity

Non orthogonal analysis of summer rainfall duringeoyear lag period and coconut

productivity indicated that 31.5% of variability éxplained by summer rainfall (Fig.

7.6).
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Fig. 7.6: The effect of annual rainfall (oneay lag) on coconut
productivity
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7.1.3 Index of moisture adequacy

Correlations between the index of moisture adequiating the current year,
one, two, three year lag period and coconut pradtictindicated that the moisture
adequacy during May had significant positive catieh with productivity of one
year lag period (Table 7.6). Average index of momstadequacy from December to
May during one year lag period had significant pesicorrelation with coconut
productivity.

Table 7.6: Correlation between index of moistalequacy and coconut productivity

Lag period
Month/season | Current year One year Two year Three year
December -0.061 0.006 -0.056 -0.147
January -0.143 -0.034 -0.127 -0.195
February -0.062 0.092 -0.012 0.011
March 0.035 0.192 0.015 0.009
April 0.152 0.254 0.211 0.186
May 0.184 0.266* 0.121 0.115
Dec-May 0.088 0.296* 0.099 0.050

** Significant at 1 % level *Significant at% level

It was observed that the average index of moisidexjuacy from December to May,
if falls below the mean value of 48%, the coconudduoictivity is below (48.1% of

years) average in the following year (Fig.7.7).
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Fig.7.7: The effect of index of moisture adequémye year lag) on
coconut productivity
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Non orthogonal analysis index of moisture adequdaying summer season one year
lag period and coconut productivity indicated thatlex of moisture adequacy

explains 16.3% of variation in productivity.

7.1.4 Humidity Index

The correlation between humidity index during caotrgear, one, two, three lag
period and coconut productivity indicated that hdityi index of August had
significant negative influence with productivity éivo and three year lag period

(Table 7.7). Rest of the months had no significafiience on coconut productivity.

Table 7.7: Correlation between humidity index andanut productivity

Lag period
Month/season | Current year | One year | Two year Three yeal
June 0.094 0.074 -0.035 0.095
July 0.129 0.108 -0.008 -0.093
August -0.166 -0.245 -0.2947 -0.329%
September 0.063 0.094 -0.106 -0.068
June - September 0.092 0.052 -0.152 -0.13p

** Significant at 1 % level *Significant & % level

It was observed that, when the moisture index ajusti was below the mean value of
48% during the two year lag period, the coconudpotivity was below (48.1% of
years) average in the following year. It is possibecause the coconut takes 44
months to harvest after inflorescence initiationbeAations in weather during
different phenophases of coconut will decide fimaimber of nuts if other
environmental factors like nutrients, water and gemature are not limiting. It is
understood that 40 - 60 per cent of annual cocaametproduced during March, April
and May though coconut palm experiences severargmgture stress in the absence
of rains during the above months. In addition te #bove, high incidence of solar
radiation results to high maximum air temperatutec is not conducive for better
coconut production during summer. Despite advemsather, higher nut yields during
summer may be due to favourable environmental ¢tiomdi that take place at the time

of primordium initiation which falls in August, Segmber and October (44 months
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prior to harvest). Coconut palms in Kerala not oskperience severe soil moisture
stress during summer but also subjected to watgiriggdue heavy rains during
monsoon period. The above situation is more predantiin the northern districts of

Kerala where a uni - model rainfall pattern is seen

7.2 YIELD FORECASTING MODELS IN COCONUT

7.2.1 Model based on agro climatic indices

Being a perennial crop with long phenophase of 4dntins, advance
information on behaviour of coconut yield is of @rémportance to the Government
Agencies, the private Industry, the planners anthéorelated agencies who involved
for the development of coconut industry for follayp action. The studies on crop
weather relationships of coconut clearly revealed both the climatic extremes viz.,
no rains with high incidence of solar radiationidgrsummer and heavy rains with
low amount of solar radiation for about 100 - 128ysl during monsoon are
detrimental to coconut production. Hence, an attemag been made to estimate the
coconut productivity and yield in coconut basedagnoclimatic indices and coconut
area. The humidity index during June to Septemhdriadex of moisture adequacy
during October to May were considered along witbotmt area one year prior to
harvest for predicting coconut production and itsdoictivity seven months ahead.
A multiple linear regression was developed usirgydbove agroclimatic indices for
predicting coconut production and its productiggven months ahead. The data from

1961-62 to 2006-07 is used for developing regressguation.

The results indicated that the estimated and act@nut production was in
agreement from 1961-62 to 2006-07. The percerdagetion of coconut production
between actual and estimated of any given yearngustudy period was very

minimum and negligible. It was true in the cas@mfductivity also (Fig.7.8).
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Fig. 7.8: Actual and estimated coconut producfiom 1961- 62 to 2008-09

In the case of productivity the maximum deviatioaswnoticed during 2007-08 and

1980-81 (4.8% each) followed by 4.2% in 1999-2000 4.0 % in 1978-79 (Fig. 7.9).
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Fig. 7.9: Actual and estimated cocormotpctivity from 1961- 62 to 2008-09

Y=- 34.743% 1+ 102.872% 5+ 2.38*X3 - 0.899*X 4 + 2.54*X5- 1.476"X g+ 7.899*X 7
- 5.371% g+ 0.59*X g + 3.005*X 109-17.129"X 11 + 8.376*X 12- 13.988%K 13+ 46.678%K 14
+ 5.312%X15- 4.488*X 16 - 0.549*X 17- 1.071*X 18+ 7.835*X 19+ 9.975*X 50+ 1.426*X 21
+ 11.698%K 55- 22.258% 53- 32.157K o4+ 21.789 %+ 160.818X o5+ 2.947*X 57
- 5.436% g+ 0.284*X 29- 0.739*X30 - 8.88%X31-15.183%X 35-16.953*X 33+ 16.307X 34
+ 9.02*X35- 11.329% 36+ 21.757X 37+ 22.987K 3g+ 2.444%X 39- 0.75*K 40+ 1.17* X41
- 0.698% 42+ 2.265X 43- 24942.3 (R= 0.969)

Where Y= Annual productivity (nuts/ha)

Y= - 30.152%; + 160.788% 5 + 2.362*X3 - 0.054*X 4 + 1.939%X5-1.582*K g + 11.229% 7
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+ 1.197*Xg+ 0.613*Xg-5.715%X 10-23.428*X 11+ 15.58*X 12+ 0.173*X 13+ 42.854*X 14
+ 3.713%*X 15 - 3.487*X 16 - 0.668*X17- 1.301*X 18+ 14.728K 19+ 4.95*X 50+ 9.612*X 51
+ 7.606%X 22 - 11.084 X 23- 39.304X 24+ 33.024*X,5+ 36.683K 26+ 1.971*X 27
- 4.754X5g - 0.733X 2g- 0.573*X30 - 4.545%X 31 - 17.718%35- 12.114 33 + 11.443%X 34
+ 2.929*X 35- 10.818% 35+ 35.854* 37+ 39.521 33+ 2.137*X 39 - 0.247X 40
+1.451* X41- 0.601%X 42+ 7.057%X 43- 28700 (F% =0.993)

Where Y = Annual production (million nuts)

X1-X2 = Ima of October to November of the year of leatv

X3-Xg = Ih of June to September of the year of harvest

X7-X11 = Ima of January to May of the year of harvest

X12-X14= Ima of October to December of the previous yddrapvest
X15-X1g = lh of June to September of the previous yearaovést
X19-X23 = Ima of January to May of the previous year avbat
X24-X26= Ima of October to December of the two years leefarvest
Xo7-X30 = Ih of June to September of the two years bdfargest
X31-X35 =Ima of January to May of the two years before hstrve
X36-X3g = Ima of October to December of the three yearsrediarvest
X39-X42 = Ih of June to September of the three years bdfarvest

X43 = Coconut area of the previous year of harvest

Using the above equation, the coconut productiacsh gnoductivity of the State of

Kerala was estimated for the year 2007-08 and Z80@gFable 7.8).

Table 7.8: Actual and estimated coconut productioe productivity

Year Coconut production (Million nuts) Coconut productivity (Nuts/ha)
Actual | Estimated %deviatioh Actual Estimated %déora
2007-08| 5641 5529 -2.0 6889 6553 -4.8
2008-09| 5802 6344 9.3 736% 7492 1.7
2009-10 - 7509 - - 9636 -

It indicated that the model output is reasonableéhasdeviation between the actual
and estimated coconut production was within thespiable limits (< 10%). In the

case of coconut production during 2008-09 only,déeation between the actual and
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estimated coconut production was 9.3%. When tefsteder, the deviation between
the estimated and actual coconut production wagsasing. Such results was reported
by Rao and Subashi996) using same concept based on the data from 19482-43
1993-94. The equation developed using the abowewlas put in test for estimation
of the coconut production of the State of Keratarfr1994-95 to 2008-09 (Table 7.9).
Though the model worked well in initial years,otally failed in several years and it
was more so in the years 2002-03 and 2003-04 ichwihie deviation between actual
and estimated coconut production was very high3(28.72.9%) as the predicted
equation was influenced by abnormal drought dummgnsoon 2002 and entire

rainfall distribution in 2003 and 2004.

Table 7.9: Actual and estimated coconatipction of Kerala from 1994-95 to

2009-10
Coconut production of Kerala in million nuts
Year . Pe_:rc_entage
Actual Predicated deviation over
actual

1994-95 5335 5110 -4.2
1995-96 5155 4944 -4.1
1996-97 5774 5444 5.7
1997-98 5209 4651 -10.7
1998-99 5132 3942 -23.2
1999-00 5167 5964 154
2000-01 5496 4804 -12.6
2001-02 5744 5289 -7.9
2002-03 5338 4654 -12.8
2003-04 5876 1595 -72.9
2004-05 5727 3820 -33.3
2005-06 6326 7290 15.2
2006-07 6054 6120 1.1
2007-08 5641 6519 15.6
2008-09 5802 6441 11.0
2009-10 - 7390 -

Keeping the above in view, the vector Auto Regmss(VAR) was used for

prediction of the coconut production and produtyiaf the State of Kerala.
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7.2.2 Vector Auto Regression model

The Vector Auto Regressive model were developed pi@dicting annual
coconut production and productivity of Kerala omaryahead based on average index
of moisture adequacy (Ima) from December and thelt®are summarized below:

The analysis was done using Gretl 1.8 software kvisca good package for time
series data analysis.

VAR system, lag order 1

OLS estimates, observations 1952-2004 (T = 53)

Log-likelihood = -370.64576, Determinant of covaiga matrix = 69477.306

AIC =14.0998, BIC = 14.2114, HQC = 14.1427

Portmanteau test: LB (13) = 16.6215, df = 12 [0525

Coefficient ~ Sd. Error t-ratio p-value

const 701.544 249.29 2.8142 0.00698  ***
YIELD _millio_1  0.956218 0.0409799 23.3338 <0.00001 ***
Ima Dec_may -0.67718 4.06574 -2.3802 0.02116 **
Mean dependent var 3901.302 S.D. dependent var 919.6766
Sum squared residual 3682297 S.E. of regression 271.3779
R-squared 0.916277 Adjusted R-squared 0.912928
F(2, 50) 273.6034 P-value(F) 1.18e-27
rho -0.134804 Durbin-Watson 2.049059

F-tests of zero restrictions:

All lags of YIELD__million F (1, 50) = 544.47 [0000]

As the results indicate, none of these correlatisrsgnificantly different from zero
at 5% significance level. This proves that theseld VAR model is an appropriate
model. So the fitted VAR model for the coconutlgiprediction data based on mean
Ima of December to May , one year prior to harvest

Y= 0.956218*[Y.1] -9.67718*[Ima Dec-May}, + 701.544 (R=0.91)

Where Y = Coconut production for the year t in million nuts

Y1 = Coconut production in the previous year (t-1)

Ima Dec-May = Mean Ima from December to May one ye#r to harvest
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Model parameters were estimated (Coconut prodigfivising SPSS package and
presented below.

VAR system, lag order 1

OLS estimates, observations 1952-2004 (T = 53)

Log-likelihood = -393.82384, Determinant of covaiga matrix = 166608.15

AIC =14.9745, BIC = 15.0860, HQC = 15.0174

Portmanteau test: LB (13) = 12.3989, df = 12 [02]14

Coefficient  Sd. Error t-ratio p-value
const 1199.12 464.092 2.5838 0.01274  **
Productivity 1 0.877349 0.0790043 11.1051 <0.0000%*
Ima Dec_may -10.1784 6.58395 -1.5459 0.12843
Mean dependent var 5604.655 S.D. dependent var 774.3582
Sum squared residual 8830232 S.E. of regression 420.2436
R-squared 0.716805 Adjusted R-squared 0.705478
F(2, 50) 63.27853 P-value(F) 2.0le-14
rho -0.242335  Durbin-Watson 2.050934

F-tests of zero restrictions:
All lags of productivity F (1, 50) = 123.32 [@00]

As the results indicate, none of these correlatisnsignificantly different
from zero at 5% significance level. This provest itee selected VAR model is an
appropriate model. So the fitted VAR model for teronut yield prediction data
based on mean Ima of December to May , one y&artprharvest.

Y= 0.877349*[Y.1] - 10.1784*[Ima Dec-May}, + 1199.12 (R=0.71)

Where Y = Coconut productivity for the year t in million tsu

Y1 = Coconut productivity in the previous year (t-1)

Ima Dec-May = Mean Ima from December to May one ye#r to harvest

The equation was developed using the data from -585® 2004-05. The

results indicated that the percentage deviationoobnut production between actual
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and estimated was maximum (27.6 %) in 1983-84 ahlowed by 15.1% in 1988-89
and 13.1% in 1984-85 (Fig. 7.10).
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Fig. 7.10: Actual and estimated coconotdprction from 1953-54 to 2009-10

It indicates the nut yield prediction in coconutynzver estimate in abnormal weather
event of prolonged summer drought as coconut ir8483B It was true in the case of
productivity also. In the case of productivity atbe@ maximum deviation was noticed
during 1983-84 (28.3 % each) followed by 13.5% @84-85 and 11.2 % in 1990-

1991 (Fig. 7.11).
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Fig. 7.11: Actual and estimated coconut pobigiity from 1953-54 to 2009-10

The model was used for predicting coconut prodactad productivity for

2005-06 onwards and the result is presented it dde 7.10.
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Table 7.10: Actual and estimated coconut prodactiod productivity over Kerala
from 2005-06 to 2009-10

Coconut production (Million nuts) Coconut produdimNuts/ha)
Year Actual | Estimated %deviation| ActugEstimated %deviation
2005-06| 6013 5800 -3.5 6697 6399 -4.5
2006-07| 6054 6003 -0.8 6936 6604 -4.8
2007-08| 5641 5991 6.2 6889 6758 -1.9
2008-09| 5802 5646 2.7 7365 6770 -8.1
2009-10 - 5654 - - 7035 -

It revealed that the predicted and actual cocomatlyction and productivity was
almost in agreement from 2005-06 to 2008-09. Howee percentage deviation in
coconut production between actual and predictedmasmum (6.2 %) in 2007-08,
followed -3.5% in 2005-06 and -2.7% in 2008-09. Tleast deviation (-0.8%)
between actual and predicted coconut productionneéised in 2006-07. In the case
of productivity, the percentage deviation betweetua and estimate was maximum
(-8.1%) in 2008-09 followed -4.8% by 2006-07 ands9%4 in 2005-06. Hence, the
Vector Auto Regression (VAR) model can be usedfediction of coconut yield one
year head. It can be very well tested for the y&9-10 during which the predicted
coconut production and productivity was 5654 milliouts and 7035 nuts/ha. The
actual coconut production and productivity of thtat& of Kerala is yet to be

published.
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Chapter VIII

Summary and conclusions

The present investigation on “Coconut Phenology ¥reld Response to
Climate Variability and Change” was undertaken te¢ experimental site, at the
Regional Station, Coconut Development Board, KAUMPas, Vellanikkara. Ten
palms each of eight-year-old coconut cultivars ,vilaptur Tall, Kuttiadi (WCT),

Kasaragod (WCT) and Komadan (WCT) were randomligctet!.

The biotic events such as functional leaves, |kaflding, spathe emergence
and its duration, spadix emergence, female flowams button shedding were
recorded weekly from February 2002 to June 200raieith the daily weather data
collected from the same campus. The monthly cocgmeld of the experimental
coconut palms was also collected for the aboveoderirhe published data on annual
coconut area, production and productivity from 1:830to 2008-09 along with the
climatological data were collected for the Stateaashole. The past climatological
data of rainfall from 1871 to 2009 and temperatdata from 1952 to 2009 were
collected. The agroclimatic analysis of coconut wasried out using different
statistical tools. Phenology of the coconut palrd &g response to climate variability
were studied. An attempt was also made to studyintipact of climate change on
coconut production and productivity for the firstné in India under the field

conditions. The salient results of the study weirammarized and presented here:

The annual coconut production was high (75.8 natsip in Tiptur Tall,
followed by Komadan (70.3 nuts/palm) and Kasara@&d7 nuts/palm) while it was
low (61.5 nuts/palm) in Kuttiadi. It indicated tha@tptur Tall appears to be better
among the four cultivars tested in terms of anncatonut production. In all
phenological expressions such as functional ledea$shedding, number of spathes,
number of spadics and number of female flowers,tuFipTall expressed its

superiority.
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The number of functional coconut leaves presenttte crown was low
during summer as the coconut leaf shedding is Aigk.leaf shedding in coconut was
less during post monsoon and high during summelewhtermediary in southwest
monsoon and winter seasons. Rise in ambient temuperaleficit in soil moisture and

vapour pressure influence the leaf shedding toge laxtent.

The emergence of number of spathes was maximunmglygost monsoon
(2.3/palm/month) while minimum in southwest monsasgason (0.9/palm). The
annual number of spathes was low during 2002-03 2001-05. It was mainly
attributed to summer drought during 2002 and 20Whenever the summer drought
occurred, the spathe emergence in the followingmeavas comparatively low. That
is why, the spathe emergence was low during theéhs@st monsoon in 2002
(0.50/palm/month) and 2004 (0.68/palm/month) adaithe average number of
0.85/palm/month.

The duration of spathe in all the cultivars was imum (9.6 weeks) if it
emerged in southwest monsoon while it was maximi®9( weeks) in winter,
followed by summer (10.3 weeks) and post monsodh2(lveeks). The spathe
duration during summer took more than ten weeksaonaverage, which was
intermediary. The reasons for the maximum spathatidun during winter season can
be attributed to low minimum temperature, relatmenidity, high temperature range,
wind speed, vapour pressure deficit, evaporatiahamshine hours prevailed when
compared to other seasons. The spathe durationgdR€04-05 was low (10 weeks)
when compared to that of other years. It was maatitybuted to the well distributed
rainfall with adequate soil moisture along with ioptm maximum and minimum

temperatures and low vapour pressure deficit.

The effect of seasonality on number of spadicesated that that it was less
during post monsoon (0.8/palm/month) and high flad/month) during summer

when compared to that of southwest monsoon (0®/pabnth) and winter
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(1.0/palm/month). The cumulative effect of moretbpaemergence and its duration
during post monsoon, followed by winter led to mspadix production in summer. It
can be attributed to the fact that high rainfallrB@nths before (July-September) the
spadix production coincide with the receipt of $ougst monsoon rainfall was
optimum, which resulted in better availability obils moisture. It may favour
congenial environment for the primordium initiatiand thus maximum spadix
production during summer season. The unfavourabklgthver conditions such as low
rainfall, number of rainy days and high temperatooeipled with more sunshine
hours 32 months prior to the spadix production (&aty- March) would have played

a major role in low number of spadix productionidgrthe post monsoon season.

The number of female flowers produced during thexrser was high (47.2
female flowers/bunch), while it was minimum (onlg f2male flowers/bunch) during
the post monsoon season (October-November). A gtatkcline in female flower
production was noticed from summer to post monsseason and thereafter an
increase was noticed during winter in all the ealts. It revealed that the trend in

female flower production was uniform in all the toedrs despite varietal difference.

The effect of weather variables during the twoicait stages viz., primordia
initiation and ovary development is vital for finlEdmale flower production. These
above phases coincide with 32 months and 6-7 moméspectively prior to the

spadix emergence.

The seasonal variation in button shedding indicated it was maximum
(73.6%) during winter (December- February) and ldwing southwest monsoon
(61.5%) and post monsoon season (61.1%). There nmasignificant variation
between post monsoon and southwest monsoon seasdngton shedding. The
button shedding is high when the temperature apowapressure deficit were high
under the moisture stress conditions. The abiaiitofs that are involved in the case
of button shedding are temperature, vapour prestefreit and soil moisture deficit.

High temperature, both air and soil, and vapoussuee deficit adversely influenced
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the button shedding in coconut in absence of soilstare. It is evident during the
summer. The low button shedding from June to Nowwnebuld be attributed to less
vapour pressure deficit in the crop environmenteuntb soil moisture stress. When
all the biotic and abiotic factors are consider#te seasonal variation in button
shedding is predominantly influenced by soil maistand vapor pressure deficit

along with the number of female flowers.

The study of ontogeny of coconut revealed thatttital rainfall, number of
rainy days and the total dry spell are not as atues the length of dry spell at the
critical stages such as primordium initiation, gvdevelopment and button size nuts
which ultimately determine the yield potential @infed coconut palms. It also
revealed that primordium stage was most sensitbvenoisture stress, followed by

ovary development stage and the stage of buttongonut

The decline in coconut production due to severensemdrought could be
seen in the following year under rainfed conditiah®ugh the annual coconut
production depends upon the weather factors thraed-- a - half - years ahead.
Similarly, good summer showers with less duratibdrg spell are likely to influence
the coconut yield favourably in the following yetr a considerable extent. On
examination of the effect of drought on monthly gigld at various locations across
Kerala, it is clear that the effect of drought oonthly nut yield commenced in the
seventh, eighth or nineth month after the drougrtog was over in May or June,
depending upon the receipt of pre-monsoon showeosiget of monsoon. The effect
of summer drought on coconut yield continued fogltve months. Decline in monthly
nut yield was maximum in i2/13" month after the drought period was over. The
lowest coconut production/productivity over Keralas noticed during 1983-84 due
to disastrous summer drought in 1983. Similar thascase in 2002-03 and 2004-05.
Majority of drought years showed decline in yiaidhe following year. This could be

explained due to the sensitiveness of variouscafitcrop growth stages to soil
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moisture stress, which finally decides nut yieldcotonut. The coconut production
under rainfed conditions is influenced significgntly the length of dry spell in
various critical stages. The availability of adeguasoil moisture during the
primordium initiation stage, ovary development stamd button size nut stages are
the most crucial for final harvest of coconuts. Alfiple regression model (R= 0.78)
was developed for predicting the monthly coconwldjiat farm level based on
weather variables at critical stages. The resntigcated that the actual and estimated
values were in good agreement. The Vector Auto &ajon (VAR) model can also
be used for prediction of coconut yield one yeaadh@rovided it is tested and

revalidated from time to time.

The climate change studies indicated that the nipnthinfall showed a
significant decreasing trend during June and Juhjlewincreasing trend during
October and NovembeThe contribution of monthly rainfall to annual valwas also
declining in June and July while increasing in AsiguSeptember, October and
December.There was a significant increasing trend in rdirdaring post monsoon
season while decreasing trend during southwest moonseason. A sort of rainfall
shift was noticed as monsoon rainfall was decliniiigle post monsoon rainfall was

increasing.

The monthly maximum temperature showed signifiéaateasing trend in all
the months except April. In the case of minimum pgenature, July only showed
significant increasing trend while in the remainimgonths the trend was not
statistically significant. The trend in temperatusnge during January, February,
March and December was not significant while remmgirmonths showed significant

increasing trend.

The annual aridity index over Kerala showed a $icgnit increase during the last

109 years (1901-2009). The intensity of droughas Wigh in recent decades of 1981-90
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and 1991-2000 during which severe and disastrousgtits were noticedThe moisture
index was in decreasing trend from 1901 to 2008jcating that Kerala state is

moving from wetness to dryness in recent decades.

Conclusions and recommendations

The study therefore, reinforces our traditional whemlge that the coconut palm
is sensitive to changing weather conditions durthg period from primordium
initiation to harvest of nuts (about 44 months)séhce of rainfall from December to
May due to early withdrawal of northeast monsoanklof pre monsoon showers and
late onset of southwest monsoon adversely affeet diconut productivity to a
considerable extent in the following year undenfed conditions. The productivity

can be increased by irrigating the coconut palninduhe dry periods.

Increase in temperature, aridity index, numbereskese summer droughts and
decline in rainfall and moisture index were the ond@ctors for a marginal decline or
stagnation in coconut productivity over a period tifne, though various
developmental schemes were in operation for sustenaf coconut production in the
State of Kerala. It can be attributed to global miag and climate change.
Therefore, there is a threat to coconut produgtiuit the ensuing decades due to
climate variability and change. In view of the abpthere is an urgent need for pro-
active measures as a part of climate change adaptatsustain coconut productivity

in the State of Kerala.

The coconut productivity is more vulnerable to @im variability such as
summer droughts rather than climate change in tefniscrease in temperature and
decline in rainfall, though there was a marginatrdase (1.6%) in the decade of
1981-2009 when compared to that of 1951-80. Thieetsneeds to be examined in
detail by coconut development agencies such as rGbddevelopment Board and

State Agriculture Department for remedial measuf@terwise, the premier position
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of Kerala in terms of coconut production is likétybe lost in the ensuing years under

the projected climate change scenario.

Among the four cultivars studied, Tiptur Tall appeto be superior in terms of
reproduction phase and nut yield. This needs textaenined by the coconut breeders
in their crop improvement programme as a part osst tolerant under rainfed

conditions.

Crop mix and integrated farming are supposed tdhleebest combination to
sustain development in the long run under the ptegk climate change scenarios.
Increase in coconut area under irrigation duringreer with better crop management
and protection measures also are necessary me&sunesease coconut productivity
since the frequency of intensity of summer drougbtdikely to increase under

projected global warming scenario

Future line of work

+ Coconut phenology can be understood better if ndetailed investigations
are taken up under varied agroclimates in rainfed @rigated conditions
across the coconut growing regions.

s The effect of droughts on coconut yield should toelied further in detail with
varied crop management practices and varietieshas phenology and
responses to stress conditions under field comditaoe different.

+ Studies on short and long term impacts of climat@ange need to be
understood through crop growth simulation models @miority basis.

+ The various statistical models developed at varimusonut research centres
need to be tested and made use of for operatiampbpes along with crop

simulation models.
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ABSTRACT

There was a decline in southwest monsoon and annual rainfall since 1951 onwards at the rate of
5.2mm/year and 5.6 mm/year, respectively. The climate over Kerala also shifted from wetness to dryness
within the humid climate (B, to B,) during the study period from 1951 to 2007. There was a shift in
cropping systems across the State of Kerala as the index of foodgrain crops was declining while increasing
the index of non-foodgrain crops. Unlike in seasonal crops, the effects of climate change on long term
basis in terms of global warming may not be seen on crops like coconut, rubber and arecanut as they
are grown under tolerable limits of surface air temperature. However, the occurrence of floods and
droughts as evident in 2007 (floods due to excess monsoon rainfall by 41% against normal) and summar
2004 (dreught due to no significant rainfall from November, 2003 to April 2004}, is likely to increase in
ensuing decades as projected and crop losses are expected. The unusual summer rains in 2008
devastated the paddy crop in Kuttanad and Kole lands of Thrissur. In contrast, it was beneficial to ciope
like cardamom, coconut and arecanut. The thermosensitive crops like cocoa. black pepper, coffeg,
cardamom and tea may need attention as temperature range is likely to increase and rainfail is likely to
decling in addition to deforestalion as these crops are grown under the influence of ivpical forest -agro-
ecosystemns. Deforestation, shift in cropping systems, decline in wetlands and depietion of surface and
groundwater resources may aggravate the ill efiects of floods and droughts on all the crops. Hence,
there is an urgent need for pro-active measures on short-term and long- term basis against the climate
change risks for sustenance of crop production both in terms of quantity ands quality.

Key words: Climate change, climate projection, change in cropping systems, thermosensitve

crops, food security

Climate change/variability is the concern
worldwide and nationwide too. The weather
abnormalities like floods and droughts and heat and
cold waves are frequent in recent years as the top twelve
warmest years took place since 1995 onwards. The year

1998 was the warmest year and known as the weather _

related disaster year globally. The heat wave during
summer 2003 was a havoc in the European Union and
2007 was the warmest winter in the Northern
Hemisphere. It is reported that during the past 100
years, global mean surface air temperatures have risen
by 0.74°C and it is projected to rise by 1 to 3°C during
this century. Hingane et. al,, (1935) reported that the
Country-wide annual surface air temperature has
increased by 0.4°C/100 years in 20" century but the
rate of increase slowed down in the recent three
decades. The monsoon seasonal rainfall was ‘in
decreasing trend over east Madhya Pradesh and
adjoining areas, North-east India and parts of Gujarat

and Kerala (Kumar et. «l, 2002). At regional level,
the temperature and rainfall trends differ significantly
and studies are scant in this direction. An increase of
0.5°C in the mean surface air temperature was also
noticed since 1960s over the State of Kerala and 1987
was the warmest year. Rainfall in recent years was
declining. However, the monsoon rainfall waus excess
in 2007 and unusual summer rains were received much
ahead in 2003. 1987, 2002 and 2008 were typical
monsoon years during which rainfall distribution was
different when compared to the normal monsoon
behaviour. The distribution of rainfall is such that it
may lead to frequent tloods during monsoon or drought
during summer. This phenomenon appears to be more
frequent and it can be attributed to global warming due
to man- made interventions. It will result in severe
consequences on various sectors and it is more so in
agricultural sector including food security and food
prices. Keeping the above in view, an attempt was made
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Fig 1: Rainfall (mm) over Kerala from 1951-2007

to analyze rainfall trends, climate shifts and shifts in
cropping systems over Kerala.

MATERIALS AND METHODS

Area, production and productivity of major crops
grown in Kerala were collected from the ‘Economic
Review’ published by Kerala State Planning Board
for the year from 1952-53 to 2006-07 to work out the
trends in area, production and productivity of these
crops. Monthly rainfall for the study period was
collected from the II'TM publication entitled “Monthly
and seasonal rainfall series for all India homogenous
regional and meteorological sub divisions: 1871 -

1994” (Parthasarathy et al., 1995). From 1995 to 2007, .

daily rainfall data published by the India Meteorological
Department, Trivandrum were utilized. Rainfall trends
and climate shifts were worked out and analyzed the
impact of climate on cropping systems over Kerala.

The moisture index was used as an index for working
out climate shifts over Kerala. Yearly water balance
for the State as a whole were computed for a period of
137 years (1871-2007) using the Thronthwaite and
Mather (1955) book - keeping water balance procedure,
given by Subrahmanyam (1982). The monthly Aridity
Index (Ta), Moisture Index (Im) and humidity Index
(Ih) were computed from 1851 to 2007 using the
formula given below:

la=WD/PEX 100 Th= WS/PEX 100 Im=Th-]Ia

Where, AE-Actual evapotranspiration, PE-
Potential Evapotranspiration, WS-Water Surplus WD-

Water deficit.
RESULTS AND DISCUSSION

The annual rainfall showed a declining trend over
a period of 57 years from 1951 to 2007 over Kerala.
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Kerala while the quality and quantity of black pepper
suffered in Idukki District. In the case of coconut, the
total coconut production of the State during the decade
of 1981-90 was relatively low due to more number of
summer droughts experienced in the State. The summer
drought in 1983, 1989 and 2004 adversely affected the
total coconut production during the following year to a
large extent at the field and the State level. The cocoa
yield in 2004 was less by 39% due to increase in
temperature during summer by 1-3°C (February -
March, 2004). It was true in the case of cardamom
also. The crops like cardamom, coffee and tea need
attention under a threat of climate change (temperature
range is likely to increase and deforestation is alarming)
as these crops are grown under the influence of typical
forest -agro- ecosystems. It reveals that crop losses or
gains are subjected to climate variability rather than
climate change. However, crop simulation models
indicate decline in yield across the Country due to
increase in temperature and CO, in the atmosphere.
Interestingly in the case of coconut, such trend is not
seen over Kerala through the coconut gardens in non-
traditional areas (Karnataka, Tamil Nadu and Andhra
Pradesh) are likely to suffer due to global warming.
Similar may be the case in rubber and in arecanut.
However, all the model projections need to be testad
and revalidated from time to time to obtain realistic
crop projections. These studies need intensive field
test for confirmation as model output always
overestimates. Generation of database and research
- efforts in this direction are the need of the hour to
understand the climate change and its relationships with
cropping systems, especially in plantation sector.
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Attempts were made to study temporal variation in monthly, seasonal and annual rainfall over Kerala,
India, during the period from 1871 to 2005. Longterm changes in rainfall determined by Man-Kendall
rank statistics and linear trend. The analysis revealed significant decrease in southwest monscon rainfall
while increase in post-monsoon seascn over the State of Kerala which is popularly known as the
“Gateway of summer monsoon”. Rainfall during winter and summer seasons showed insignificant
increasing trend. Rainfall during June and July showed significant decreasing trend while increasing
trend in January, February and April. Hydel power generation and water availability during summer
months are the concern in the State due to rainfall decline in June and July, which are the rainiest
months. At the same time, majority of plantation crops are likely to benefit due to increase in rainfall
during the post-monsoon season if they are stable and prolonged.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Several researchers studied on variability and trends in rainfall
across the world. Nicholson (2000) observed that one of the most
important contrasts in rainfall is the multi-decadal persistence of
anomalies over northern Africa. Nicholson and Grist (2001) had
identified several changes in the general atmospheric circulation
that have accompanied the shift to drier conditions in West African
Sahel. Rainfall variability in southern Spain on decadal to centen-
nial time scales were studied by Rodrigo et al. (2000). Rotstayn and
Lohmann (2002) showed a prominent feature is the drying of the
Sahel in North Africa and suggest that the indirect effects of
anthropogenic sulfate may have contributed to the Sahelian drying
trend. Akinremi et al. (2001) reported that there has been a signif-
icant increase in rainfall and its events during the most recent
40-year period (1956-95). Increase in annual rainfall was 51 mm, or
about 16% of the 40-year mean, while the number of rainfall events
increased by 17, or about 29% on the Canadian prairies. Murphy and
Timbal (2007) reported that most of the rainfall decline (61%) has
occurred in Autumn (March-May) in southeastern Australia. A
similar rainfall decline occurred in the southwest of Western
Australia around 1970 that has many common features with the
southeastern Australia decline. Nicholls and Lavery (2006) reported
that summer rainfall over much of eastern Australia increased
abruptly around 1950s. In the Southwest of the continent, majority

* Corresponding author. Tel./fax: +9104872371931,
E-mail address: krishna_kn2000@yahoo.com (KN Krishnakumar).

1352-2310/$ - see front matter © 2009 Elsevier Ltd. All rights reserved,
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of stations recorded a smoother trend to lower winter rainfall,
although there is a small area with increased rainfall.

Attempts have been made to study trends in annul and seasonal
rainfall over India since the beginning of the last century. Long
term trends of Indian monsoon rainfall for the Country as well as
for smaller subdivisions were studied by Pramanik and Jaganna-
than (1954), Parthasarathy and Dhar (1978), Parthasarathy (1984),
Mooley and Parthasarathy (1983), Parthasarathy et al. (1993).
All-India spatial scale showed treadles and random nature for
a long period of time (Mooley and Parthasarathy, 1984). Rao and
Jagannathan (1963), Thapliyal and Kulshrestha (1991) and Sri-
vatsava et al. (1992) also reported that All-India southwest
monsoon/annual rainfall observed no significant trend. Long term
trend in small spatial scale was reported by Koteswaram and Alvi
(1969), Jagannathan and Parthasarathy (1973), Jagannathan and
Bhalme (1973), Naidu et al. (1999) and Singh and Sontakke (1999).
Rupa Kumar et al. (1992) have found significant increasing trend in
monsoon rainfall along the West Coast, north Andhra Pradesh
and northwest India while significant decreasing trends over
Madhya Pradesh and adjoining area, northeast India and parts of
Gujarat and Kerala. Guhathakurta and Rajeevan (2007) observed
decreasing trend in almost all subdivisions except for subdivisions
in Himachal Pradesh, Jharkhand and Nagaland, Manipur, Mizoram
and Tripura during winter. During pre-monsoon season, rainfall is
decreasing over most parts of the Central India, Gujarat region,
West Madhya Pradesh, East Madhya Pradesh, Vidarbha, Chattis-
grath and Jharkhand. Rainfall is significantly increasing over
Sourashtra and Kutch, Marathwada and Rayalseema during post-
monsoon season, Annual and southwest monsoon rainfall showed
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significant decreasing trend over Chattisgrah, Jharkhand and Ker-
ala. All these studies reveal that there is no similarity in rainfall
trends at the regional level.

Kerala State is located between 8°15'N and 12°50’N latitudes
and between 74°50'E and 77°30’E longitudes (Fig. 1). The State of
Kerala is popularly known as the “Gateway of summer monsoon™
over India. It is a strip of land running almost in North-South
direction and is situated between the West Arabian sea on the West
and the ranges of Western Ghats and Nilgiri hills on the East both
running parallel to each other. From the Western Ghats, the State
undulates to the West and presents a series of hills and valleys
intersected by numerous rivers. On extreme West, the State is more
or less flat. These characteristics demarcate the State into three
natural regions viz., the eastern high lands, the hilly midlands and
western low lands. The changes in the geographical and topo-
graphical features due to man-made interventions are likely to
influence atmospheric circulation altitudinally to a large extent. It
may be one of the reasons in recent times for uncertainties in
monsoon variability and rainfall distribution over Kerala. Anan-
thakrishnan and Soman (1988, 1989) studied the onset of monsoon
and monsoon rainfall in detail over Kerala utilising the data up to
1980. Soman et al. (1988) reported that annual rainfall over Kerala
showed significant decreasing trend. In view of the importance of
variability in rainfall, as indicated above, it would be of interest to
study the long-term variation of monthly, annual and seasonal
rainfall over Kerala which is known as the “Gateway of summer
monsoon” over India.

2. Data and methodology

The source of monthly rainfall (mm) over Kerala from 1871 to
1994 is from the IITM publication entitled “Monthly and seasonal
rainfall series for all-India homogeneous regions and meteorolog-
ical subdivisions: 1871-1994" (Parthasarathy et al., 1995). Monthly,
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Fig. 1. Location map of Kerala.

seasonal and annul rainfall series of Kerala State were constructed
using monthly rainfall data of fixed network of 10 raingauge
stations. On an average, there is one raingauge station for every
3886.4 sq. km area. From 1995 to 2005, the monthly rainfall data
were collected from the daily weather reports published by the
IMD, Trivandrum. From the Basic monthly rainfall data, monthly
mean, seasonal rainfall, Standard Deviation (SD) and Coefficient of
Variation (C.V.) and 75 per cent rainfall probability were computed
monthly and season-wise viz., Pre-monsoon (March-May), South-
west monsoon (June-September), Post-monsoon (October-
November) and Winter (December-February) that are depicted in
Table 1. The data were subjected to 11-year-running mean to find
out long term trends. A linear trend line was added to the series for
simplify the trends. To support trends in annual and seasonal
rainfall, decade-wise shifts in rainfall over Kerala were also ana-
lysed from the period 1871 to 2005. Temporal changes in the
seasonal and annual rainfall were also analysed by Man-Kendall
rank statistics (f) to confirm the significance of the observed trend.
The values of t were used as the basis of a significant test by
comparing it with

T; = 04ty /2N + 10/ON(N — 1)

where {g is the desired probability point of the Gaussian normal
distribution. In the present study, t; at 0.01 and 0.05 points were
considered for comparison. Apart from this, the linear trend fitted
to the data was also tested with ¢ test to verify results obtained by
Man-Kendall test.

3. Rainfall features

Rainfall characteristics of Kerala are reported in Table 1. The
annual normal rainfall over Kerala from 1871 to 2005 is 2817 mm
with a standard deviation of 406 mm. The dependable annual
rainfall at 75 per cent level is 2493 mm and the dependable
seasonal rainfall at 75 per cent for pre-monsoon, southwest
monsoon, post-monsoon and winter season is 269.3 mm,
1624.2 mm, 341.0 mm and 30.3 mm, respectively. The coefficient of
variation of annual rainfall is 14.4%, indicating that it is highly
stable. Rainfall during June is the highest (684 mm) and contributes
to 24.3% of annual rainfall (2817 mm), followed by July (22.4%).
Rainfall in August and September contributes to 13.2% and 8.0% of

Table 1
Monthly and seasonal means of rainfall (mm) over Kerala from 1871 to 2005.
Month Rainfall (mm)
Normal Standard CV (%) 75% Percentage
deviation probability contribution
to annual
rainfall
January 12 17 146.1 04 04
February 17 19 1154 29 06
March 36 28 78.5 15.5 13
April 112 32 46.5 ¥53 40
May 246 159 64.6 1311 8.7
June 684 194 284 576.3 243
July 632 209 332 5028 224
August 373 157 42.0 270.5 13.2
September 224 122 54,7 1347 8.0
Octaber 288 108 375 2045 10.2
Navember 156 85 544 91.5 -1
December 38 39 102.1 n3 13
Annual (mm) 2817 406 144 24930 100
Pre-monsoon 393.7 163.5 41.5 2693 14.0
Southwest 1913.5 3777 19.7 16242 679
Post-monsoon  444.1 138.4 312 3410 15.8
Winter 653 46.7 7.4 303 23
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Fig. 2. Annual rainfall trends over Kerala from 1871 to 2005.

the annual rainfall, respectively. Rainfall in January is the least
(12.0 mm) and contributes only 0.4% to the annul rainfall. The
coefficient of variation is also the highest during January (146.1%),
followed by February (115.4%) and December (102.1%) and the
least during the high rainfall months of June (28.4%) and July
(33.2%). Rainfall during the southwest monsoon (June-September)
contributes 67.9% of the annul rainfall. The contribution of pre-
monsoon (March-May), post-monsoon and winter rainfall to the
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Fig. 3. Seasonal rainfall trends over Kerala from 1871 to 2005.

Table 2
Linear equations and their significance tested by t-test,

Rainfall Linear equations Calculated ¢
Annul y = -0.5363x + 2853.8 0.6006
Pre-monsoon y = 0.3574x + 366.68 1.0990
Southwest monsoon y = —17229 + 2030.6 2.0934*
Post-monsoon y = 0.6956x + 396.78 23108
Winter y=01162x + 57.427 11294

*Significant at 0.05 level, **significant at 0.01 level.

annual is 14.0, 15.8 and 2.3, respectively. The seasonal rainfall
during monsoon (June-September) is dependable as the coefficient
of variation is 19.7%. At the same time, rainfall during winter is
undependable as the coefficient of variation is very high (71.4%),
varying between 102.1% in December and 146.1% in January.

4. Annual rainfall trends

The mean annual rainfall over Kerala showed a long term
insignificant declining trend. However, the declining trend in
annual rainfall was significant if the annual rainfall considered from
1951 onwards. The annual rainfall in recent years from 1999 to
2005 was less by 9.8%. A relatively wet period (excess rainfall) was
seen in earlier decades from 1900 to 1980 (Fig. 2). A decrease of
72.4 mm only was noticed during the study period of 135 years as
against the normal rainfall of 2817 mm.

5. Seasonal rainfall trends
5.1. Pre-monsoon (March-May)

A decline in pre-monsoon rainfall was noticed up to mid 1920
and then increased up to later 1930s (Fig. 3). There was an overall
insignificant increase during the study period of 135 years. An
increase of 53.7 mm was noticed as against the normal
(393.7 mm).

5.2. Southwest monsoon (June-September)

The southwest monsoon rainfall was more from 1901 to 1930
against the normal while decreasing from 1981 to 2005. The Man-
Kendall test statistics (—2.0582) indicates that the decrease in
southwest monsoon rainfall is significant at 0.01 level. Overall,
a decline of 232.6 mm was noticed during the study period of 135

Table 3

Man-Kendall rank statistics of monthly and seasonal rainfall over Kerala.
Month Rainfall (mm)
January 2.1438*"
February 1.7961*
March 09454
April 1.7443"
May 03139
June —-2.5660""
July -1.7177*
August 02771
September 0.7342
October 1.4457
November 1.5351
December -0.2891
Annual (mm) -0.6619
Pre-monsoon 0.9568
Southwest monsoon -2.0582"
Pasi-monsoon 2.2160™
Winter 1.0082

*Significant at 0.05 level, **significant at 0.01 level.
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Table 4
Monthly and seasonal contribution of rainfall (%) to annual from 1871 to 2005 over
Kerala.

Month/Season 1871-1900 1901-1930 1931-1960 1961-1990 1991-2005
June 277 241 231 224 24.0
July 229 236 218 2238 19.7
August 13.2 129 12.8 14.6 122
September 73 8.2 73 9.1 7.6
October 9.3 10.4 10.2 9.5 133
November 43 5.9 6.0 55 6.3
Pre-monsoon 134 12.2 16.4 13.6 14.4
Southwest monsoon 71.2 68.8 65.1 68.9 63.6
Post-monsoon 13.6 16.3 16.2 15.0 19.5
Winter 1.2 26 25 24 24

years indicating that on an average, the southwest monsoon rainfall
decline was about 1.7 mmyear~". In recent years, the distribution of
rainfall during the season is poor and in the major water reservoirs,
the water level was low on which the hydel power generation
depends across the State.

5.3. Post-monsoon (October-November)

Post-monsoon rainfall depicts two epochs of high rainfall
around mid 1910s and 1940s. The Man-Kendall test indicated that
the seasonal rainfall during the post-monsoon is significant at 0.01
level and increasing trend was noticed. Therefore, it can be
inferred that the post-monsoon rainfall was significantly
increasing. Such trend was more evident since 1961 onwards. It
also showed through the trend line that an increase of 93.9 mm
was noticed during the study period of 135 years. The post-
monsoon rainfall increasing was about 0.7 mmyear ! during the
study period.

5.4. Winter (December-February)

The winter rainfall had an increasing tendency, which is not
statistically significant. The 11-year - running - mean indicated
that winter rainfall increased from 1900 to 1950. It also showed
through the trend line that an increase of 15.7 mm only was noticed
during the study period of 135 years. Increase in rainfall during the
season is beneficial to the plantation crops. However, high vari-
ability of rainfall lead to uncertainty and the crops need assured
irrigation. The t-test when applied (Table 2) indicated that south-
west and post-monsoon rainfall trends are significant at 0.01 level.

6. Monthly rainfall trends

Behaviour of monthly rainfall has been studied for individual
months by subjecting them to the Man-Kendall test. The results are
presented in Table 3. It is interesting to note that rainfall in June and
July showed a decreasing trend and significant at 0.01 and 0.05 level,
respectively. Rainfall of August, September, October and November
showed an insignificant increasing trend. Rainfall during January
showed an increasing trend which is significant at 0.01 level.
February and April also showed increasing trend, which is statisti-
cally significant at 0.05 level, while remaining months showed no
particular significant trend. There was a decline in (27.7-22.4%)
rainfall contribution of June to the annual rainfall over a period of
time (Table 4). Unlike in June, the contribution of rainfall during July
is stable though variations were noticed from one- and three-
decadal-period to another. In contrast, the contribution of rainfall
during August (13.2-14.6%) and September (7.3-9.1%) is increasing.
Similar increasing trends were noticed during October and
November in rainfall contribution to the annual. As a whole, the
percentage rainfall contribution during the southwest monsoon
was declining while increasing during pre- and post-monsoon
season and winter over Kerala. The above phenomenon was more
significant in recent decades. However, rainfall during the monsoon
season is stable while instable in remaining months. These two
contrasting phenomena in seasonal rainfall trends are the major
concern across the State. Rainfall increase during January, February
and April will be beneficial to majority of the plantation crops.
However, cloudy weather and rain during the above months may
adversely affect the fruit quality in mango, cashew and black pepper.

7. Shifts in decade-wise annual and seasonal rainfall

Decade-wise percentage departure of annual and seasonal
rainfall, frequencies of excess and deficit years depicted in Table 5.
The deficient or excess rainfall years are defined for those years
when rainfall is less or more than the standard deviation. Pant and
Rupa Kumar (1997) reported that Indian summer monsoon displays
multi-decadal variations in which there is clustering of dry or wet
anomalies. During the wet decade 1871-1880, there were four
excess rainfall years. During the dry period of 1881-1900, three
excess years and five deficit years were observed. During the next
five decades of the wet period, ten excess years and two deficit
years only have been found. In the dry period of 1951-2005, there
were 14 deficit years and five excess years. During the period of

Table 5
Decadal mean (% departure from normal), frequency of excess and deficit rainfall years over Kerala from 1871 to 2005,
Decade Pre-monsoon Southwest monsoon Post-monsoon Winter Annual

Decadel mean Excess Deficit Decadel mean Excess Deficit Decadel mean Excess Deficit Decadel mean Excess Deficit Decadel mean Excess Deficit

(% departure (% departure (% departure (% Departure (% departure

from normal) from normal) from normal) from normal) from Normal)
1871-1880 -34 2 3 9.1 4 0 -28.8 1 4 -331 1 2 0.7 2 2
1881-1890 -20.2 0 4 -15 2 3 -12.7 4] 1 =371 0 3 -6.9 1 4
1891-1900 -0.1 1 0 -6.8 1 2 -8.0 1 2 -216 0 2 —6.6 1 4
1901-1910 -14.1 1 1 38 1 0 55 2 0 49 1 2 1.6 1 0
1911-1920 -8.0 1 0 15 2 1 231 2 0 330 2 0 4.0 2 1]
1921-1930 -36 1 2 13.3 4 0 -16 1 2 178 1 0 8.7 3 1
1931-1940 219 3 1 LA 2 0 129 2 2 -9.7 1 1 36 2 2
1941-1950 83 3 1 53 2 1 40 2 73 54.5 2 1 6.6 2 1
1951-1960 351 5 1 -50 1 2 56 3 4] -15.0 0 0 1.7 1 1
1961-1970 -4.5 2 1 34 2 2 -13.2 1 4 286 2 1 0.1 2 2
1971-1980 42 1 1 04 1 1 1.5 2 2 -15.7 1 0 23 1 2
1981-1990 -139 1 2z —6.4 1 3 -174 0 2 =75 2 3 -93 1 3
1991-2000 -17.8 1 2 -2.5 0 3 17.8 3 [¢] 17.4 4 1 -1.4 0 1
2001-2005 32.0 1 0 -26.0 0 3 229 1 0 -323 0 0 -10.1 0 1
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1871-2005, the number of deficit years was more (24) than the
number of excess years (19) on annual basis while excess rainfall
years more than or equal to deficit rainfall years during pre-
monsoon, southwest monsoon, post-monsoon and winter seasons.

8. Conclusion

An important aspect of the present study is the significant
decrease in southwest monsoon rainfall while increase in post-
monsoon season. Rainfall decline is more predominant in June and
July but not so in August and September within the monsoon
season. There was a major shift in rainfall pattern temporarily
during recent years as seasonal rainfall during the southwest
monsoon was declining while increasing in post-monsoon season.
The decreasing trend in southwest monsoon rainfall over Kerala is
supported by other researchers (Rupa Kumar et al, 1992; Guha-
thakurta and Rajeevan, 2007). Joseph et al. (2004) reported that the
period of Intra Seasonal Oscillation of South Kerala rainfall during
summer monsoon has large inter-annual variability in the range of
23-64 days. Joseph and Xavier (1999) reported that monsoon
depression frequency had a strong decreasing trend during last 100
years and the frequency now is less than half of the frequency of
depressions at the beginning of the twentieth century. Rajendra
Kumar and Dash (2001) showed that the decadal frequency of
number of depressions was decreasing in recent years. Joseph and
Simon (2005) reported that the southwest monsoon current
through peninsular India from surface to 1.5 km altitude between
10 and 12°N latitude had significant decreasing trend. Sathiya-
moorthy (2005) and Rao et al. (2004) showed that strength of
Tropical Easterly Jet Stream was decreasing in recent 5 decades. The
number of monsoon depressions formed during the southwest
monsoon season, strength of monsoon current and strength of
Tropical Easterly Jet Stream are the important rain bearing systems
during southwest monsoon season. The frequency decline of the
above weather systems in recent years over peninsula may be an
important reason for decrease in southwest monsoon rainfall over
Kerala. In addition to this, there is a drastic change in biophysical
resources of Kerala State due to man-made interventions in recent
decades. It indirectly affects the physical processes between the
earth-atmosphere continuum and influenced the distribution of
local rainfall during winter and pre-monsoon season. There has
been a two-fold increase in the tropical cyclones frequency over Bay
of Bengal during November in past 122 years (Singh et al., 2001).
Cyclones developed during the post-monsoon season contribute
significant amount of rainfall during the season. It is a peculiar
climatic feature over southern peninsula due to the influence of Bay
of Bengal. Increasing the frequency of tropical cyclones during the
post-monsoon season may be the one of the important reasons for
increasing post-monsoon rainfall over Kerala.
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