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FOREWORD

India faces today, a delicit of 12 million tonnes of vegetable
oils. Out of the total production of 3.3 million tonnes in the country,
the share of coconut oil is seven per cent. At the present rate of
consumption, India will have to produce coconut oil to the equivalent
of 12.1 72 million nuts by the iurn of the centuiy, an increase of 5638 million
nuts fiom the present level of production. The task of bridging this gap is
enormous, but it could be achieved if technologies already evolved

through years of experimentation are wunderstood and adopted by the
farmers at large.

Coconut research in India commenced in the vyear 1916 with
rue establishment of research stations at Pilhode Nileshwar and
Ka-.aragod by the erstwhile Government of Madras Piesidency. Later, a
few more stations came into existence in different paris of the counlry
n h - mandate for solving location specific problems. The f;rst attempt
on controlled cross breeding in coconut was made at Knsaragod. The

wvids first hybrid plantation was established in the year 1936 at Nileshwar.
Thji j o the concerted efforts of the tosearchers in these stations, Kerala

. has now a sound package ol technologies for coconut production.
Ho;v a great body of knowledge llial has emanated from research
u,;r . ' unpublished due to various reasons. There is a dire need to

romp, h all the valuable information ami make it available. The present
tin - J.v Decades f Coconut Research' is an attempt in this direction.
It provides a digo t of information on coconut production and manage-
ment gathered from the re earch institutions presently under the Keiala
Agricultural University

| am sure that tins publication will ceivo scientists, students
find farmers alike

E G SILAS
Ker 1t ~rjrn ulrardl University Vir.n Chancellor
Vo)i inlT*..lra
Uovijrither 9 11r]J8B



PREFACE

Coconut research has a long history in India dating back to 1916,
the year in which the first coconut research centre in the world was
established at Nileshwar, Korala The early work on coconut has been
mostly with limited objectives understandably due to lack of proper and
sound methodologies in experimentation. The research work on coconut
in the country picked up momentum in the 1940s with the establishment
of mora centres. As a result of thoso developments, voluminous literature
on several aspects of coconut culture, both of basic and applied nature,
has been accumulating over the years. This compendium is an attempt
to present all the work on coconut so far carried out during the past
six decades at the various research centres which are presently under the
Kerala Agricu tural Univorsity. Wo do not, however, claim that wo have been
able to do the job to our best satisfaction. Flaws and omissions may be
found but those aro bound to occur whilo tracing and compiling the

oldest literature in any field,

A great deal of effort had gone into tho preparation of this
manuscript. We aro grateful to all our colloagues who hove contri-

buted to this volume.

The help rendered by Prof K Balakrishna Pillai. Rico Research
Station, Kayamkulam, especially during the proof correction stage
is gratefully acknowledged Our sincoro appreciation and thanks are duo
to Sri K Rajappan, Press Manager and all tho members of the staff of
the KAU Press for their invaluabln co-operation and untiring offorts
in completing the printing of this publication in timo Wo also thank
Sri V Chandranandan, Artist, RARS. Kumarakom for dosigmng tho
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CHAPTER 1

Coconut Production in Kerala : Problems and Prospects

M. Aravindakshan

Coconut 15 a crop of groat antiquity in Kerala. It has always been an object
of reverence intha local tradition The very name 'Kerala* is derived from its asso-
cation with the coconut palm, callod Kora Vriksha in Sanskrit. To tho Keralito, lha
coconut palm is 'Kalpavruksha! or the troa of divine life becauso it is a primary
source of food, drink and sholtor, No other tree crop grown in the state can match
coconut rn its versatility. It provides nutritious food and refreshing drink, oil for
edib’o and nonediblo uses, fibre, timber and shell of commercial value, thatch,
alcoholic beverag s and a variety of product:'* for uso as domestic fuel.

Coconut 13 tho most important cash crop grown in Kerala its contribution to
The s*its 1:0;0Tn bsing 9.3 pjr cent Tin sluroof tincrop to Ul10 agricultural income
of thi 1134 9 per cent Tho coconut-b ised industries provide direct employ-

ment to about one million people. ThO contribution of the crop to tho country's
export earnings is Rs 264 million

Among tho different coconut growing sfitos in tlio Indian Union, Korala
ranks first with n share of 57 7 per cent (fi 89 lakh In) of tho arm and 49.3 per cent
(3395 m 'lion nuts) of the total production of coconut Korala, Tamil Nadu.

Kjrmtj ) nr I Andhr 1Pradesh together account for90percont of the area under
coconut in India (Table 1.1).

A though Korala is known as the land of coconut the porformanco of tho
cron in the sf do since the yrr/r 1974-75 has berm dismal. Both arun as well as

production of the crop hflvn registered a fall over the past ducndc. 1he negative
growth rate recorded wn / j percent for area and 8.7 pnr cent lor production.
Korala sm 0 whelJi nccourdfld for more than f»/ O per o'nt ol the men and 61 0 per
rant of tho production of coconut in the country during tho year 19/4 -75 has slided

down tho scd in ds contribution to the present levels of 67 / pnr cord and 49 3 per
conr. respectively

Even tne increased production level of 339 million nuts achieved in tho
year 1U34-35 w.n much Irm than tho production lovrds recorded in tho beginning
of the d cida |[n contrast to |Ihr;, the neighbouring states, Tamil Nadu end

A L 1 k |IX0 achi 'ed Rignifi ant increases lioth in area mid production over the



and productmu (1984 86)

fable I 1 Coconut in India
Hrudueimn
Statu Area Share of nut Sl'icl @
( 000 ha) P J (million) PJ

1 Kerala 089 3 57.74 3395 0 49 28
2 Tamil Nadu Ib? H 12 80 1027 5 23 03
3 Karnataka 193 9 1b 24 1011 1 4 68
4 Andhra Pradesh 470 3 ™ 194 5 2.82
h Oris*.a 20,? 7 20 98 3 143
6 Maharashtra 10 0 0 89 99 3 144
7 Assam Ob 0 54 40 4 0 07
8 West Bengal 15 3 128 109 7 2 40
9 Goa. Damnn and Dm 22 3 1 87 100 O 154
10 Andaman and Nicobar Islands 20 8 1.74 90 0 140
11 Lakshadweep 28 0 23 /30 0 34
12 Pondicherry 10 0 13 15 7 0 23
13 Tripura 27 0 23 2 1 0 03

14 Others (Gujirat, Bihar and
Madhya Pradesh 10 0 08 17 0 02
India 1192 8 100 t8872 100

last decade. In area. Karnataka registered an increase of 34.1 per cent as against
40 7 por cent by Tamil Nadu Tlio production improvement recorded was 40 3 per
cont and 49.1 per cent, respectively, by those two states (Table 1 2)

Wide variations do exist in the productivity of coconut in the different
states in India In Kerala, the unit productivity of the crop is as low 5023 ru’s
per ha os against 10937 nuts per ha in Tamil Nadu and 5173 nuts p”r ha in Karnataka
(1984-85). This reflects on tho per palm productivity also. The nut production
per palm is 33 in Kerala 44 in Tamil Nadu and 54 in Karnataka (Table 1.3 7?2 Luck
of irrigation facilities, severe incidence of diseases like root (w It\ Ingh plant
density, senility of the existing palms and sub-optimal mimgoTieol leve s are
undoubtedly the factors responsible for tho poor performance of the crop in the
state of Kerala. A comprehensive survey to estimate the crop losses due to tne
root (wilt) disease conducted during 1984 covering eight districts of Kerala revealed
that about 30 million palms were under the grip of the disease This is roughly
19 6 per cent of the total number of palms (154 million) m the state

Despite tho incidence of root(wilt) disease in the southern d,spiels—
Quilon, Alleppey, Kottayam. Ernakulam. ldukki and Trichur-the per palm producti-
vity is on par with that of the districts where the crop is relatively fre<= of the
disease (Table 1.4). In the northern tract of the state the factor responsible for low
y.eld is the prolonged drought that occurs almost every year Worn Dec*mb-r to May



: : and production of coconut in Kerala. Tamil Nadu and
Tabfo 1.2. Irend in thi area

Karnataka
K*rala Karnataka Tarnil Nadu All inaia |
Area  Product- Area Product- Area Product- Area Production
Year (lakh  ion of nut (lakh ion of nut (lakh ion of nut (lakh  of nut
ha) (crore) ha) (crore) ha) (crore) ha) (crore)
1974-75 7.43 371 9 1.45 72.0 1.09 109.1 11.16 603.1

1975-76  6.93 344.0 151 76.7 1.10 109 9 10.70 582.9
1976-77 6 95 334.8 154 80 3 109 109.5 10.74 576.5
1977-73 6 73 305 3 156 81 0 110 103 9 10 56 541.3
1973-79 6 61 323 7 1.64 85 5 109 112.3 10.55 573.0
1979-80 6 64 303.2 1.68 87.3 1.15 118.0 10.76 566.2
1930-81 6 66 303 6 1.71 89 0 116 135.4 10 83 594.2
1931-82 6 67 300 6 176 91 8 116 138 6 10 91 594 0
1932 83 6 74 318 4 1.83 95 0 1.44 143.5 11 49 635 6
1983-84 6 82 260 2 1.90 99 1 1.37 136 8 11.66 580 8
1934-85 6.89 339 5 194 101 1 1.53 162.7 11 93 688.7

Gro A/th

over the

period -7.9 8 7 34.1 40 3 40 7 49.1 69 14 2
1974-75

to 1984-

85 (°fJ)

fable 1 3. Coconut in India: Production of nut per hn in the major coconut
growing states

Year Kfjrola Tamil Nndu Karnataka Indm
1974-75 4970 10488 4983 5401
1975 76 4964 9996 5073 5448
15/6-7/ 4817 10054 5227 5366
1977 73 4533 9462 5204 5123
1978 79 4900 10258 5215 5431
1979-80 4563 10235 5198 5263
1980 31 4668 11676 5190 5485
1981 82 4509 11 925 5202 5445
1982 83 4721 0960 5204 5531
1933-84 3314 9979 5207 4983
1984 -85 5023 10!,H7 51 73 5714

Poor crop management and high plant density aggravates tho problem.
On the other hand the rainfall in the disease affected districts is fairly well distri-
buted and the management Ilevels are more intensive than in tho disease Iren
northern trids lIns indicates that root (wilt) ia a debilitating disease end



Vzr#lh (nut vit"l1L (e | 1" < 1"J
Table 14 Trend m tliu prodm tiviiy ol cm unui

JU1UIN t}
19K9
o o 1977 78 1979 so ljdl 82 1983 84 1984 8b |
27 4b Jb
Tnvandruin 38 3b 3b )a 30 30
Quilon 30 31 34 s a1 11
PtilhJiuimihili i
. 40 40
Allti))<>y 2 31 29 i E e o
Kott ly.im 2U 21 7 P s a3
ldukki 30 70 24 iy " -
Crn.tkiiliiiii :\j 2yl 40 Ty as
Tiit hur 43 3b 44 3b s i
Ptihjh.it 31 38 2/ 23 " o
Mtilnppuum 3/ 3b 29 70 . j
Cuhcut 33 34 29 33 Y 2
A . y 3b 3;
Cannjnoru 23 32 2b 24 .
Kas.iragod —
Mean 33 31 20 23 32 33

satisfactory yield could h ? obl.iined if thj crop =3 properly m r jed his also
points out the necossny of streamlining definite sir.jte®ies fox increasing coconut

production in root (w»lt) rl sjisi affe'.ted areas ju J for oihr-g.ona especially, the
northern tracts

Though thu productivity of coconut in Kerala is far from sdisfactor n has
potential lor further improvement. A comparative analys s of the coconut pro-
duction wunder irrigation in Kerala with that of Karnataka or Tamil 8adu n *s
interesting indications Tho experiments conducted in Kerala have concius .'ely
proved that irrigation alono increases the average nut proauction per palm to 73
from tho state average of 33. Thus tho vyield per troe under irngat on in Kerala is
higher than that of Tanul Nadu or Karnataka This would suggest thet d irrigation
facilities could bo assured in the coconut grow ing tracts of Kerala, the statu will
attain the top most position in productivity in the country There is. therefore every
justification to invest in building up irrigation facilities to cater to the needs of small
and marginal farmers of Kerala The necessity for concerted efforts in this direction
has been relegated to the background probably due to major concentration on root
(wilt) disease. improving management practices, replacing systematically the

senile palms and adopting proper plant protection measures are the other areas
which should go a long way in furthering the productivity.

Coconut research in Kerala

Coconut research in Kerala commenced in the year 1916 with the establish-
ment of four research * erstwhile Malabar at Pilicode (Nileswar I.

NHeswar Il. NHeswar lll and Kasaragod by the then Government of Madras. In

4



these stations, research was initiated to study the genetics of the palm and agrono-
mic and cultural requirement of the crop in relation to three soil typss-iaterita
fP.iicode) red sandy loam (Mileswar Il and Kasaragod) and littoral sand
(Nileswar IIl). The research activities gained further momentum since 1945 with
estabiishTent of the Indian Central Coconut Committee. The Committee took over
the research station at Kasaragod in 1947. One year later, another research station
was set up at Kayamkulam to intensity research on pests and diseases affecting
coconut palm. The Committee also funded the establishment of the coconut research
station* at Kumarakom and Balaramapuram under the Department of Agriculture in
the same year

With the abolition of tho Indian Central Coconut Committoo in the yoar

1966 the research stations at Kasaragod and Kayamkulam were brought under tho
Indian Council of Agricultural Resoarch in 1970 and thus came into existance the

Central Plantaho~ Crcps Research Institute (CPCRI) at Kasaragod. The coconut
research station* at Ndeswar, Pilicodo, Bolnramapuram and Kumarakom functioned
und-r the Department of Agriculture till 1972. These stations were transferred to

the Kerala Agricu'turat University in 1972.

ve r 1930 witnessed a further fillip in coconut and coconut based farming
rei;a*irh  when tho Kerala Agricultural University camo within the fold of tho
national Agr -ultur«®, Research Project (UARP). The coconut research stations at
Pikcode and Kumar ,kom were elevated to the status of Regional Research Stations
W the mandate for research on coconut and coconut based farming systems and
integrated coconut-1 vestock-fishory s/3tems. respectively. The improvement of
nfrastruct j ' 4 facilities and manpowor nnd additional resources havo helped these
regional stations to inHero resoarch on a more scientific footing. A major break-
througf m coconut research with the establishment of regional stations wa9 in
id™nr i/ir 3 'onat ori specific problems in coconut production and initiating projects
fo tackle these identified problems. Based on the results of such studios, ills
University has no// mido a beginning to rnako specific rocommendalions for coconut
in tho different agrochmatic zones

Thrusts on research and dnvolopmont

rtvi d'Stnrb rg trend of declining productivity in coconut in th© stnto of
Ki rlla should nor d scour go our efforts in reso irch or development activities Thu
Technolog as P it | i/e been o/olverf through years of concerted offoris h.ivo con-

vmf iy nr,w tr f rfinilrr (jo rrmirl Ij» met with success In the present
oonhMI nflimifnd sropo for */par sinn of area, uur '.Ir.itegy should hn to maximise
prnd'Jr tion in the frad tiori il Triirds through intensive management practices.

hrig tihon and manur g of rhe existing gardens alone have been found to double
the regn t po->du non Hio irrigation needs of the small ami marginal farmers could
only bo met through small scnl© irrigation schemes The impact nf prolonged dry
spell hi be™n con doruble which coulrl be alleviated through assured water supply
or through moisture conservation methods. Wntcr, being a precious commodity,

has to b< e onnmically uhli/ed, which calls for intensified research on water nan
efficiency



Replacing thu senile palms is u con mJuJ P * 1 "1

which call* lor bupply ol elite planting materials with proweri of n-ian r f u
thus, sufficient justificaticin for enhancing tho production ol V 1L *6n *
a hiyhur production potential | ha production of hybrids ui liable vrihtt

to speed ic needs Inis to be intensified to » =« sun that e-er/ <ucuhuiiie/ r | '

will ultimately full within tho high yielding category

In the lout (wilt) diseti'iii iilfucto | areas at/vO pronged tnoleg/ has tr b
worked out lldus whii It (ini in tin early si igei ul Hi* d » use could be improve* /
adopting intensive man.iguiitiUil pra* iic&s wli I* the i« wn cii /JIH ,n die wan
stages should bo eliminated orid replA< ad with good planting material Replacing
ot severnly affected iuilrn® «ould be taken up on .m area basis i ith* r \ >n isolated
single ti*o basis

rhu research on root (will) disease still eludes all our r Mur's «he sdhd
tion all tho moro calls for further inlonsificntion ol rc”®e *rch in th t f (-'d

Intercropping in coconut gardens with perennial and -jnr u.jl erop*, has given
encouraging results in tlie rout (will) affected as well as dsc * trst * rn-s
Resoarch work has to be furthor intensified to evolve suitable) cropping system
models which will c-nauro additional incomo besides sustaining sod productivity

Tho acceptance of technological innovations and thGir adoption on a wider
scale are influenced to a major extent by the remunerative prices for the produce.

Tho diversified uso of products will help the farmer to obtain better pnees *or his
produce.

The challenges before tho scientists, developmental agencies, planners and
policy makers to stabilize and increase coconut production in Kerala state are multi-
faced and the success depends upon co-ordinated and more concerted efforts



CHAPTER 2

Coconut Improvement

P C Balakrishnan, S Sukumaran Nairnnd K. Kumaran

Two dist net varieties have been distinguished in coconut, the Tall and the
Dwarf In the Tall wide variations occur within the same type due to cross pollin-
ation Fgt instance, tn the West Coast Tall (WCT)r the popular cultivar of Kerala,
green and brown types occur. There aro threo colour types in the Dwarfs, orange,
yellow and green Variation within a type in the Dwarfs is practically absent since
they are, in general, self pollinated. A key for tho identification of varieties was
developed at the Coconut Research Station, Nileshwar as early as in 1939 (Fig.1).

Morphological studios

The mnrphologtcal studies conducted at tho Coconut Research Station
N fesh war in the early 1939s indicated that the rate of growth of the stem and the
loives vaced w :h fhe vur eties and management practices. A correlation study on
length of '.if X Jyie'd of nut revealed that the high yieldinri palms had significantly
more number of k we, than the low vyielding ones and that the longer the leaf, tho
higher wr. the yel | The adu't palms of WCT generally possessed 30 to 40 fully

opened 'hiv i Uriri r fivour.ibk conditions, tho leaves of good yioldcrs had a life
soan of jo tvd? r onHi'»> The hfospan of leaves was shorter in the poor yielders
a, rrinip m-d to Piovj of tb medium and heavy hearers. |he leaves opened at

shorter interval ¢+ irrng the North Fact mom.non (September November} compared
to Souri / r mo,, e,n (Inn™ August) and Mimnier (March-May) nionths. The
f n 1»0 pw»riod of 1Mu opening of mjci in ,ivh leaves and mil

/[ Ildw >oun<T to b nonluv r Hii'i relation .hip \ugg stud that tho rate nl prod
ilrjiim rrai d riot b i'>dr. may #f the hearing i apacity of Iho palm

I We'if | ill pdm prodm cd IM H loaves iri ayear at an interval
I stud rdi>e |1*1r,5iM/1 the d re. | ridriinmship between tlir»
number of fully opened I" we, m | fhr<number of roots

Floral biology

The studies condur tod sumill innously at Nileshwar and Pilicnde rpvpulpd
fMd d JVdr dmi differed «iii f inrly iri tlrar flowering behaviour Nmnnlly thu
Nwar | types carno to fingering In 36 b» 42 months and tho fall in / in 8 years

lhi on fjr. it \ iia iolr ir | (hit Tim Fill types under ideal conditions, flowered
m rj year 1
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Fig.1 Key for identification of coconut varieties
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The coconut pa'm has the inherent ability to produce one inflorescence m
every leaf axil. When every leaf produces an inflorescence in its axil, the palm is
considered to be a regular bearer. This phenomenon is hampered in the irregular
bearers. As early as in 1930, the scientists at Pilicode observed that only 34 percent
of the West Coast Tall palms had the inherent ability to produce inflorescence in
every leaf ax I. The test palms produced, on an average, 7 inflorescences per annum.
These observations, although may appear as elementary in the present clay, however,
brought to light the irregular bearing tendency of the West Coast Tall palms.

The seasonal variations in inflorescence production in West Coast Tall palms
was also a subject of study in the earlier experiments at Pilicode. It was found that
the percentage emergence of inflorescence was the highest (16 9) in the month of
March and the lowest (3 0) m the month of December (Table 2.1). The intervals
between the emergence of successive inflorescences were relatively longer in January
and February (55.9 and 54 3 days, respectively) and shorter in April (21.5 clays)
and May (24 3 days). The rate of production ol female flowers was higher
during the summer months of March, April and May os compared to tho other
months  The lowest rate (1.2%) was found in the month of December. Tho male
flowers wero observed to outnumber tho femalo flowers invariably in oil the test
varieties The number of femalo flowersvanod with the inflorescence and
the palms in a given type The studies conducted at Pilicode indicated that
the production o* female flo wers could be increased by 6 5 per cent in good yieldors,
19 9 per cent in medium bearers and 33 3 por cent in poor bearers. It was also
found that the female flower becamu receptive 19 8 days after tho opening of tho
spathe Thg last male flower was shod 179 days aftor the opening of tho inflore-
scence The opening of tho first female flower took place 3 2 days after tho
shedding of the list male flower. Th s mitigated the chances of self-pollination
in tho Tall t/pes Further thoso studies indicated that abortion of inflorescences
was highly influenced b/ tho season (Fablo 2 and relatively moro abortions
took place i» rno months of August (24 0%) and September (27.%).

Pollination

In an investigatlori conduc ted at Pilirudo tu estimate tho oxtont of self
pollination in coconut cv. West Coast Fall undor natural conditions, twenty five
mflores encos were hjgg *d to prevent cross pollination and tho nut development
monitored li w i; round th it nuts developed in four mllorusrencos at an average
ran? of si* per inflorescence in spile of bagging, When all the male flowers weto
removed before the female flowers became receptive, one mil each developed in
two inflorescences but they were barren It was cure;hided from this study that
self pollination was arare phenomenon in the fall varieties of coconut

Furt.hor studies on pollination roveafed that wind as welt as insects acted
as pollinating agents The major insects involved were, bees, flies and nnts Tho
ani; played i prominent role in the transporting of pollen from ono infloresrenco
to onothi r m the same palm when the emergence of inflorencences overlapped It



. . of femalo Ipfiwert m w-
lable 2 1. Inergence of inflorescence and piudui lion

Coast Tall palms (mean Of 1434 and 143b)

linuigunco Intel val 1t-|na|.o ﬁ\tt)(l)c;t:on
of inflore- between tho HHuwti | ' -
Mon tli scence in einefjeni a production ovn €
a ye,ir of suer ebSive 1IN a year (°»)
1°0) inlloresceneea (uo)
(days)
January Ab 00 4 38 8 ;
Febiunry 10 0 04 3 10 3 -
March if. 4 28 4 10 1
Api 11 13 1 21 0 14 4 30
11.7 24 3 10 8 03
June 65 27 4 4 2 83
July GG 37 7 70 ;4-2
Auijust 8 2 48 4 07 4 1
September 72 38 3 0.0 27 0
October 58 32 9 45 1%)5)
November 6 1 34 6 33
December 30 3 12 15

was found that the ants, on an average, carried 40 pollen grams a: atime The
production of a large quantity of pollen, distinct exposure of anthers and stigma to
the wind designed to scatter pollon rapidly, complete separation of sex wMh s*ami-
nate and pistillate flowers in ihn same Inflorescence and an interphase between the
male and female phases in tho samo inflorescence were identified as the factors
facilitating cross pollination in coconut.

In order to see whether setting percentage and nut yield cculd be increased
by artificial pollination, the alternate inflorescences of twenty two West Coast Tall
palms were hand pollinated leaving tho rest to natural pollination The study was
conducted at Pilicode. It was found that neither the setting percentage nor the nut
yield was affected b/ artificial pollination  Similar results were also obtained when
artificial pollination was attempted on West Coast Tall palms which had consist-
ently produced a largo number of barren nuts every year. From this investigation,

it was concluded that tho production of barren nuts was not due to lack of fertili-
zation but owing to genetic and environmental factors.

Tho observations on the fertilization of female flowers (buttons) in West
Coast Tall palms indicated that a large number of buttons failed to develop into
nuts due to lack of fertilization. As a result of this, many of the buttons were
finally shed by the palms. Lack of pollination and fertilization, defects in the
flower, physiological disorders, genetic nature of the variety, pest and diseases and
unfavourable environmental conditions were identified as the factors responsible
for button shedding in coconut. The cultivars differed in the extent of button

10



shedd:rg the range h

extent of Shedding was as high as 95 7 percent
shedding also was seen to vary within a year which

a profound influence.

variation be.ng 49 to 94.4 per cent
in the cultivar riji.
indicated

(Table 2 2)

The

Button

that season

ha

The subsequent studies on button shedding at Pilicode led to the following

conclusions:

1. Button shedding occured in all the varieties of coconut

2 The shedding of buttons seldom took place before they had attained stigmatic
receptivity.

3. The majority of the shed buttons were the non-fertilized ones

4 Most of the buttons were shed within a period of two months afterthe opening
of the inflorescence

5. Invariably, there was no button shedding two months after tho opening of the

inflorescence

Table 2 2. Button shedding in coconut : Varietal variations (percent)

Vor ety 1943 1944 Mean
Andaman Dwarf 87.69 65.17 76 43
Andaman Giant 86 65 80.80 83.72
Andaman Ordinary 94.1 7 76.74 85.46
Bengal 91.59 68 20 79.90
Ceylon 76.88 61 10 68.90
Cochin China 97.86 75.15 85.50
Fiji 97 07 94.43 95 75
Ja /a 84 47 49 16 66.82
Lakshadweep Ordinary 81 02 76 48 78.75
Lakshadweep Small 65.98 75 93 70 95
New G'j-nei 91 87 85 65 90.26
Philippines 89 32 60.69 75 00
Siam 85 67 82 26 83.97
Straight .Settlement 90 38 66 42 78 40
West Coast Tall 79 20 73 72 76 46

Nut charactorr.

TO'rx¥i>t cuftiwir. nm usually identified based nnthnrulour shnpn
arid size id nuts, and t in stature of IIm palms | ho colour varied fioin dark go on
to oniv.r rnd in the culfivars maintain, d at Pihcodn. san H.unon had tho biggest
nut i among the r.ultivars and Lnksh/idwfjMp Micro, tho sinallust

hi order to study the influfn? o f«f season on tlm si/o ol nut » onn in every
lot of 50 nut (if ca li harvest frorn January to Her ember was separately hulked
and rn nummorits ra<,orded at Pilicndo [Im mgt varu ty was West Const
" * | no daf i indicated th it the nuts h jrvcstod during April May wem the biggest
and those harvested during December January the smallest. The thickness of the
kerru! ranged from 11 -1i.m to 12 4 cm. In another study it was found that the nuts

11



harvested in Iliti month uf October wuro 1h* smal est in *ulu m Jbo |
gravity uf copra was observed to range between 0 'J79 and 1 145 antJ it 'marie
palm to pjliii

In copra recover/. the nuts haivcsted m tho liot summer (March ~ |
were superior to those ol the other months They yielded inure ropra fJpr A
The copra weight tended to im lease from f ebiuaiy onwaids. reached a p&al < nir.i
March Apul and began to h.ll hum M.iy Duong the next 7 months the weight o
copra remained more of less stationer/ | he nuts haiv&sled in the rold wnder
months of Dim.ember and January yielded mom oil

Production of planting material

Coconut homy a perennial crop with its economic life span lasting toi CO
years or more, it is important that only genetically superior [seedlings are planted
in tho field Tho agronomic traits of coconut seedlings leading to high vyield have
buon identified at Nileshwar and Pilicodo liivrl on a s»aies of ifiveshyations con-
ducted ns early as In tho 1930s. The seed nuts collected from consistently high
yielding mother palms wore found to bo equally productive Tho nuts gathered from
tho palms of varying age groups were compared and they were observed to behave
similarly in total germination  Nevertheless, tho middle-aged palms should be
preferred as mother palms so as to make sure their yielding ability = The palms with
spherical or semi-spherical crowns having 30 to 40 fully opened leaves and 12 to 15
bunches were found to bo ideal for seed nut collection It was a'so observed that

tho progomosof high setting mother palms wore superior to the others in respect of
early germination of nut.

A study was conducted at the College of Agriculture, Vella/am in the year
1982 to identify prepotent mother palms through seedling progeny analysis among
the two important varieties of coconut in tho state of Kerala viz , West Coast Tall
and Komadan. Forty Komadan mother palms available at Vellayani and fifty West
Coast Tall palms of identical ago group and vyield range availab.e at the Coconut
Research Station, Balaramapuram formed the material for the study. The results
indicated conclusively that Komadan mother palms were significantly superior to the
West Coast Tall in respect of all the characters studied (Table 2 3).

Table 2.3. Agronomic traits and yield potential of Komadan and West Coast Tall
types of coconut

Trait WCT

Komadan Value

Girth of stem (cm) 77.10 75.00 6.05
Number of fronds per palm 28.58 32 00 11 25
Number of inflorescences per palm 13 58 17 00 3 85
Number of female flowers per bunch 25.06 30.00 2 A1
Setting percentage 32 12 39 50 19 47
Nut yield per palm per annum 83.10 126 00 81 87
Difference in nut yield between the peak 22.58 23 00 1.08
and lean harvests '

12



In another study at the College of Agriculture. Vellayani in 1982. ten
ssuper palms (WCT) were evaluated for their pre-potency to produce quality seed-
lings. The ’'super palms' were selected from five different locations (T} to T13 in
the Trivandrum and Quilon districts of Kerala state. Five groups of control palms
(Tj to Tj,) each consisting of five trees representing a location from where a super
palm was selected formed the control. The data on biometric observations showed
that the 'super palms’ were really superior to lha control palms in number of bun-
ches per palm and number of nuts per bunch but the weight of husked nut and

weight of meat showed an erratic trend (Table 2.4).

Tab'e 2 4 Evaluation of super palms of cv. West Coast Tall for their yield attributes

‘Super Leaves Inflore-  Bunches Nuts We ig lat Weight
palm' per scence per per of of
Tree- bunch per palm palm bunch husked meat
No nut (g) (9)
T. 26 0 20 18 0 22 0 476 261
T, 38 0 30 20 0 28 0 258 155
T, 32 0 30 13.0 27 0 392 222
T, 52 0 30 22 0 26 0 111 551
T, 38 0 20 150 48 0O 147 86
T 33 0 30 17 0 250 384 248
t7 23 0 30 16 O 38 0 153 82
T, 67 0 70 19 0 26 0 295 155
T 38 0 30 170 27 0 262 155

r 63 0 70 21 0 25 7 421 269
Control  paim (me«<n of 5 palms)

T, 33 2 28 15 6 10 0 392 203
T 29 4 2 8 12 8 10.6 243 123
T, 19 5 27 1h 5 8 7 310 177
. 40 0 38 14 2 16 2 412 177
C, 3)1 30 11 2 10.2 415 251

Collection of seed nut

When the nuts attain full maturity. the bunches are harvested by cutting
the -end with a sharp knife by which process the hunches fall on tho ground.
There nvisfed -abelief in fhooirly 1910-, that dropping of nuts led to delayed ger-
mmanon due to disturbance of tho embryo A study was, therefore, conductod nt
Nileshwar on tho differential behaviour of droppedland lowered nuts in gormmn-
tion In the former practice the seed nuts were harvested as usual and allowed to
fall on tho loamy soil, but in the latter, the bunches were lowered from the crown
‘ir the palm labour 27 m height) by moans of nrope Each treatment had a popu

f " nuts of the variety West Coast Tall Tho nursery was raised and the

13



s3that b Llf
y*r T» jlon count recorded I*r oO i - |,
the groups ( mopped and lowered / bef> J1

germination

In arioiKitf e*pcnmer.i conduLife i at M Ii['-ft " «*f””‘k«ﬂfc 'H%n“w@”“l??"
tion 35**M BV vigour ot seed ing* depended to 6 ormiiuMv TN
quai |, of the Kernel ime”t) iri th* nut which m 1% f , o|r fifar] fj I lui A
me*-mum ctovSlMdHTI#nt of the kffrnfll !CCic ptflIC® *"nen t. , .ar>rioa-» |
This A3i sitidtfc | !» 8 Ainy 13 12 end 11 -n.or.ui o o 5.feu*- 'm > 1)oT* of
Coast Td | m the nursery and recording the r U*fr3 r*Trsf PQA 'V'Y f to

germmjtori showed that 12-month-old scud 1u»b *Af. L ffer*nc*§ « v 6 Ih*®i
the rj*fit: Luge group* in tuMl germin»non although T J * b

cf
threegroups rhd not touch the lo.'dof tielisi *d *'J1¢J * ' f L u fijrv,,,
Lorn 11 and 12 month-age groups therefore, were c°r;! "fe
f. mposas
Tabfe 25 Effect of age of seed nurel har;*Mon g*rn u
Age of nui (month) Germ natio- {
N 62 60
12
T! 90 50
F (0 05) ] E
Tne influence of time of harvest on toe Qerr >3 .n o IRUCRALY

object ve of another study Two hundred seed nuts of the v~r el, .Vest C chl led
harvested every month (January-December/ from the same f.‘t, p: " wer* sown
In the nursery a month after harvest and the germinal on recorded Krr 00 1

results revealed that the best time for the co lection of seed nuts/. FeL"w e+, toO
May which coinc.ded with the summer season in Kore astate Tob e 2 Tne
seed nuts harvested in the ram/ months of June, Ju.y August September and
October were found to be quite unsuitable for nursery purposes The ruts harve-
sted in the months of November and December although recorded gccd germ r at on
were rated as unsuitable as they were invariably smaller in s ze

Table 2.6. Effect of time of harvest on seed nut germination

Month of Germination Month of Germination

Month of Germm
harvest (O(O harvest (°0) hardest Y )
January 63 3 May 92 9 September 71 9
February 92 7 June 61.4 October 81 6
March 91 0 July 74 4 November 86 5
April 100 O August 55 3 December 96 5

c D (0.05) 18.6

In another investigation, it v.as observed that seed nuts which w*re too
small" or-too big ,n volume fa.led to germinate o, germinated v.r, ate S.milarly
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the percentage of ungerminated nuts was found to be higher in 'light bunches than
in the imedium' or heavy bunches'. The nuts from the heavy bunches germinated
earlier The seed nuts with thin husk (1.4 cm-2.1 cm) gave a higher percentage
of germination as compared to those having very thin (less than 1.4 cm) and very
thick (more than 2 1 cm) husk. In a study on the influence of shape of seed nut
on germination, it was observed that spherical nuts germinated earlier. These nuts
had more uniform distribution of fibrous tissues in the husk and a higher kernal

content.

A germination study conducted with the nuts collected from top, bottom
and middle portions of the bunch revealed that the nuts from the middle and
botrorn portions germinated earlier than those from the top and top most positions-
However in total germination, the nuts from middle, bottom, top most and bottom
most positions of the bunch were statistically on a par (Table 2.7)

It wds concluded from tho stud/ that nuts from the middle and bottom
positions of the bunch should be preferred for seed purposes as there existed a
positive correction between early germination and seedling vigour

Table 2 7. Effect of position of nut in a bunch on germination
(variety: West Coast Tall)

Nut pas tion Nut Germination percentage
m the bunch weight Early Medium Lato Tol
(9) (below (128- (abovo

127 152 152

days) days) days)
Top 695 40 30 70
Middle 766 16 67 17 100
Bottom 806 23 69 — 92
Top most 715 : 33 67 100
Bottom most 843 100 — 100

Another investigation indicated that honvy seed nuts (variety: Weil Coast
Tall) with good copra content floated vertically with st.ilk-ond up when put in
water (fable 2 8) The seedlings from such nuts were more vigorous than those
raised from obliquely or horizontally floating nuts

Usually rhu se”d nuts nro sown m thu nursery hofnre the nut w.itor dnos
up In orfer to elucidate more inform ifion on this rispor t. an experiment was
conducted nf Nileshwar using seed nuts of tho variety West Coast fall, having

Table 2 8 Influence of kernal weight on tho floating hahit of mil in water

Position of nut when Kernel (' opra)

floated in water weight (g) Z test
Vortical 181 8

Oblique 1710 Sig
Horizontal 139 7
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N o VH <l ffTICIUfiIl  Cf
Viilyimj amounts ol water, numbly, good amount or w.

water'4dand 1nu waitu". Iheaeed mils .... sown under identica

Uermmahun recorded periodically Lech treatment had apopuebon o K-n-.i
nuts. Ilis data indicated that the nuts with yood amountof wuter and s
amount of water gave significantly higher percentages of gtinuriation 19 . G
9[>t.%, respectively) over those without water (8b 2".)) liiese resu is m . ate
the need loi pruseivutinn ol sued nuts without d* ssicat on till the* wcrebj®.r i
Itie nursery, Therefore a study was condu* ted id Niltshwar duru [jJ I 6
hundrod seed nuts ol the variety We-+ Coast lull har.e; »i n (he n *
February 1938 wt*m hurnud in sand under shade and another lot ol hundred ro,”
kept m thu open Thu physical condition of the nuts and then weight v.eie moni-
tored periodically Tho results showed that (Fable 2 d) thttnuisli-.It mi the open
became unfit for sowing by tho end of the nmelh month due to complete d*ss -
cation ol nut water. Tho study also indicated that seednuts could be preserved m
sand without loss in viability up to 9 months horn harw.U

Table 29 Loss in weight of seed nuts as influenced by the mdhf d of pres®rv. | o’i

Date of Method ol preservation
observation Burned in sand Left m it e open (cor Tfol>
(1938) Nut Loss in No of Nut LoS', .n No ot
weight  weight dry  weight weight dry
(k9) (°r) nuts (101 1*¢) r uxs
March 26 1.11 - 1.13 - -
April 26 0 96 13 8 1 0 82 28 0 5
May 26 0 92 17 9 0.77 21 C 5
June 26 0 92 17,9 0 96 22 B 17
August 26 0.77 30 5 1 0.76 v g 138
December 9 0.82 26.4 9 0.63 44 0 100

A few correlation studies. were also conducted at Nileshwar on the

agronomic traits of the mother palms and the germination percentage cf seed riuis
Tho results aro summerised in Table 2 10

Table 2.10. Correlation between the agronomic traits of mothc-r palms and percent-
age germination of seed nuts

_ Correlation Probable Siani-
Correlation between coefficient error ficagnce
1. Setting percentage -0.632 i
and germination 200299 =10
2. Nut yield of parents -r0 0730
and germination NS
3. Copra content per -f 0.3488
nut and germination ' 00577 39
4. Oil content of kernal — 00982
and germination NS
5.  Kernal content of nut £0.7253
and volume of nut water ' Sig,
Sig. Significance M. Q  pmpuis
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Nursery technique

Ra s.rg seedimgs in the nursery facilitates selection of quality seedlings for
plantirg in the field A number of studies have been conducted at Nileshwar and
Piliccde on nursery techniques and selection criteria for sesdiir.gs.

Positioning of seednut INtha seed bed

The nuts are sown in the nursery beds either vertically with the stalk-end
up or horizontally  Vertical planting is the rule in Kerala at present In order to find
out the influence of positioning of the nuts in the seed bed, vertical or horizontal, an
experiment was conducted at Nileshwar adopting-the paired plot technique with
two treatments, namely, A. horizontal position and B. vertical position. The dates
of germination of individual nuts were recorded and the data pertaining to percent-
age of germinat'on under the two mothod3 analysed statistically. The results reve-
aled no significant difference between the two treatments, the percentages of
germination being 95 0 and 94 7, respectively for the horizontal and vertical
sowings In most of the coconut producing countries in the world horizontal posi-
tioning is practised in tne seed bod. However, in Kerala, vertical planting is pre-

ferred in vie w of the economy of space and greater convenience in transportation
of seedlings.

A series of changes take place in the nut as its embryo germinates and

develops into a seedling. The studies on these aspects led to the following con-
clusions

1) The nut water disappeared in the sixth month after sowing

2) The seednut started to germinate 12 weeks nftor sowing under normal condi-
tions The maximum percentage of germination was attained between 17 and
18 weeks after sowing. No germination occurred 23 weeks after sowing

3) The first leif appeared m the second month after germination

4) The production of root commenced in the first month nftor sowing

5) The increase in girth at collar and the hoight of seedling was gradual

6) There wn agradual fall in the thickness of the kernel as the seedling developed

7) The apple filled the whole cayit/ of the nut in the fifth month, losts its sweotncss
thereafter and boc-jmo papery as the seedling developed. These studies also indi

cated that tf 3 cultivars differed significantly m the timo taken for germination
(Table 2 11)

It was genera' / believed that the lam germinated sijedimgs worn inferior to
the early germinated ones in growth performance In order to throw morn light
on fhie assumption the growth habit of early ami late germinated seedlings (variety:
West Coast Til ) were compared at Nileshwar far h treatment consisted of fifteen
nine-month-old seedlings The results indicated tti it ilm early germinated seodlings
were significantly superior to the late germinated ones in respect of plant height and
and girth at collar (fable 2 12). There was no marked variation between those two

groups iri lolf producbon It win nhi found that the mortality of seedlings was
high among the lam germinated seedlings
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in t],. nriito »ak*«i lot fteirn.riutu«n
litblu 2 11  \/..rloWil variation

Gerimii Iitmn

iIJuftit loll
) | - i germ|na| IOﬂ prr.ui.t»«'Jrt
Culiivur iyfje (days)
100 U
Am'lanum Giant i 1225 o1 4
And un.ni Ordinary lill go 1 86 1
Cuylon I inM 0 i,7 7
Co> 11 ( h Tiiii | s 78 7
Fiji Sm-iM A 73 0
Jilvii | <nyu 1099 nj 4
H
L iksludweop Small Small o 04 8
NIi‘W Guiium | »rgu °r 0 04 0O
Philippines Larne o7 .
S| *m Large 171 o 10 0
: 74 2
Straight Settlement Small 00 7 2 0
West Coast Toll (WCT) Largo 124 o
Mean 112 9 773
s D 30.9 13 1

Table 2 12 Growth performance of early and late germmaied seedlings

Germination Plant height Ginh at L**1 p'odu'tion
(early or late) (cm) collar (cm) (no needling)
Early 82 00 12 09 6 00
Late 54 10 9 78 5 20
F {0 05) Sir). Sig. N S
SE 6 1 0 51 0.3
Sig. Significant NS: Not sign ficant

The nursery studies conducted at Nileswar during 1932-33 showed that
the girth at collar and early splitting of leaf were the most important pails of a
quality seedling. A significant negative correlation was also established
between the time taken for germination and leaf production. The seedlings with
early leal splitting habit had longer leaf blades. These studies also showed signi-
ficant positive correlations between (1) the height of seedling and the total length
of roots, (2) the girth of seedling and the weight of roots; (3; the weight of roots
and the length of roots and (4) the early splitting of leaves and th- rurrber of
roots. No correlation, however, could be observed between the number o! roots
and the surface area of the nuts. The seedlings characterised bv ,'ellow,sh

or light brown colour, narrow leaves and stunted growth were found to be interior
and untit tor planting.

brown

The nursery studies with the F, progenies of T * D hybrids conducted at

the College of Horticulture, Vellan.kkara dur.ng 1979-80 produced almost similar
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results ind catr.g that the se'ection criteria fixed for West Coast Tall seedlings
earlier cculd be utilised fcr the selection of seedlings of the Tall x Dwarf progenies

also  The important conclusions from these studies were:

1) The polar circumference, equitorial ¢ rcumference. weight and volume of seed
nuts were positively correlated with the girth of seedlings at collar (Table 2 13)

2) The g rth of seedling had significant relation with height and the total number
of leaves produced

3) The early germinated nuts produced seedlings having more collar girth and
vV gour

4) The number of days taken for germination and girth at collar were negatively
correlated

Table 2 13 CDrrelation between nut characters and morphological traits of seed-
lings of Tall x Dwarf progenies (r values)

Seedling character

Nut chir .cf r Girth Height Leaf
number
Pil ,rcr.u mrenze 0 393* 0 100 0 116
Enuiforidl rojmft rence 0 472* 0 302 0 044
Weight 0 436* 0 210 0 031
Volume 0 533* 0 297 0 046
Di,3fi for germin iti ju 0 429 0 276 0 261

*Sig it E\\, le,ef

xpor.m nr w.ijcondu ted at Mileswar during 1935-86 to study tho

ef ecro' parti  nmo, il of husk from the stalk-enrd portion of nut prior to sowing
on g«rr jn a d s elling vigour. Tho seed nuts were sown in conventional
sn if* * we Iri.inpj / bigs filled with soil and the gormination nion torod

periodic ili>

f lulls v *d that partial removal of husk haMnnerl the proci a of
gern in,r o nil m;n i. | the guth at r.ollar (Talih* 2 14) | ho pnlvbug seedlings
W | ings raised m oonvMitioiul &I< | h«ul . in inspect ol 1n.irly

rjii-rmm.it’'on, g rrh af < r, p' inl height and h if produt lion

BREEDING

Introrluc tion

Me introduction r f coconut types lor yield evaluation was started as
oar yajm 192 lat Pilicode with the ultimate objective of identifying elite types
wi high yi*ld Nio mVar.u in rjf typos was restricted to the erst while Madras
Pr jid-mf /mi the beginning probably flue to ndmm strntivo reasons None of tho
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iable ? 14 CM i <li;rt iile w.-1 of [*u«ik froni iii™ stilr » J ' ' #J o0t
on germination and seedling »ham .tarj

<ioimiiMUOn percmiidg*' Guih of L PldUI
i months G month* tadl.ny P»r > 1 liFsigtd
IriMirnem ifi ] .dim <11)  bny {Cil
ALy sowny INo )
Sowing m t onvoniiorii'il 70 0 84 0 11 1 S H 102 3
nuriury without liu .k inniiiv.il
bOWII'J Ui COIiVUIilliHI.il G4 o 1) 3 <11 90 2
nufSrjry nft»r removing
in?* titj k [BcrWilly
Sowing in [jfilyb.jijs without 30 0 3/ 0 3G 1110
husk removal
Sowing m polyb ys .dlcr f1j O 98 0 L 3 98 7
removing ihu husk p jitidlly
C D (Q05) 6 1 0G 13 0

types avail,ib'e in Ml- central and souHvrn pan. of 1lid? pieser ! Hernia statn were,
tnerefore included in ilio collection of types The first 'oUecnon .ompi d?j.
1i Knsaraqgorl (from rod loim so I)

2) Kasaragod (irri-nulurly bearing palms from red loam soli

3) Kasaragod (regularly bearing palms from red loam sodj

4) Badagarg (from heavy back water soil)

5) Tikkodi (from coastal sandy so 1)

6; Pollachi

7) Kumarapjlayan

8) Tanjore

9) Chingelpei— Edakarad

10) Gudiaiham (North Arcot)

11) Malrosapuram

12) Omalur

13) Kulithalai — Tiruchirappally

14) Godavary— Kodiripady

15) Indupali

16) Godavary (from black loam soil)

In the same year, seed nuts from ihe following places wara obtained and
sown in the nursery at Nileswar:

1 Bengal — Barissal

2. Strait Settlement

3. Laccadives— Apricot, Green and lvory
4. Port Blair

5. Fiji Islands

6 Ceylon

7.

Dwarf types from Malabar and Chowghat



Durmg the vyear 1924-25 122 seedlings of Fiji. Strait Settlement.

Lakihad/.eeos Andamans and Bengal-Bar.asal were planted at p'''cod®  hs

introduction continued during the years 1925-26, 1926-27, 1 38- . - -
1975-76 and 1934-35 As a resjlt, the Regional Agricultural Research Station

Pilicode has now a unique collection of coconut germplasm of 31 exotic and 36
indigenous types as detailed below.

Exotic cultivars

1 Borneo 2. British Solomon Island
8 Cochin Chinj 4. Ceylon

5.  Phi 6. Gon Thembili

7  Guam 8. Java

9. Jamact 10 Kalpewangi

11 Kar'?jr Till 12  Kenya

13  Kuddt 14  Lifaou Tall

15 'Malayan Dwurf Yellow 16. Molayan Dwarf Green
17 Malay j Dwarf Omrgo 13. Markar Tall

19 N.avasi 20 Now Guinea

21. Ph 1pp '»3Lono 22 Philippinos Kalibahim
23  Pm pp n«5 Ljgijna 24. Philippines Ordinary
25 San Rim n 26  Seychelles
27 Sam 23  Strait Settlement Apricot
23  Strait S'jtrfy*men? Green 30 St Vincent
31  Thembili
Indigenous type”

1 Andaman Dwarf 2 Andaman Giant

3 Andaman Ord.n iry 4. Ayiramkachi

5 Baboor (i. Bflnsn hybnrl

I Biii ind i 8 HRnnyal

9 Bombay 10. Chingnlpot

11 Chowghat Dwarf Or* *n 12 Chowghat Dw.irf Orange
13 Chowghat Dwarf Y*| o// 14  Gangabnndnm
15 Godavary If.  dii»li ilhum

|/ Indupah 18  Kailh ithali
19 Kapparfam 20  Korliupiirlu
21  Kiillfhall 22. laHliadwenn Dwaif
23 Lnkjlnd/veep Mii.ro 74 laksbarlwepp Ordinary
25 L.akjhidweep Small 76. MnImsnpnrnm

11  Mysore 28 Omalur

n Pol Lar hi .30  Hringoon Kobhary
31  S*am 37  Spicatn
3\ Tanjoro 34. lhiruthimpiinily
35 Verry Kobban 36 West Cnnot Fall
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I . | V) * oy I *f 1111

| tJfIOI ShidlliS oil 110 | ffjMAq 1 (,f the 1Mr* 1 | | o J 1
Laksh idwvftep Ordm rud, Lakshadweep Small AndaMMh Ordtn,sr/ ||
r

Co*, 11111 ( hind were pramiswig  Ax*qgmr»| HI® el - Ul oS
|Jiii 1 i|jineb were outstanding in ijU.ihiy ha t IfM~ 1 J
Out nt the sixty suytni nuMr/dis mj-m nnr'J at | ilirnde fill/ |l
reached ihn Ehnnly limiting .Mage *11 1ny/ Ithjr. 6*tm ihjdiml dbtf»» t he
liumlii r til nuts, mean 1npM huhlenl and =upr.J mil him ifnblu 2 1
Table 2 N\i . Ymilil lifiriitiii.nif.il hi ulnvar. m lTho ,m p!m m rollm i<cn £ H *“cle
ij Jf Chpni Cop* 1*»j|
S| nuts [jer ror.rlri\ tun p-r
N.i culliVijr p.ilm pili Im foiVop. 1
CD Vi1 1k0j
(1) 12) (3) 14)
1 Andaman Dwarf 30 71 170 11 541
2. Andaman Giant 71 67 169 2'* 14 69
B Andaman Ordinary 69 17 160 60 12 O
4. Daboor 71 92 193 00 14 51
5. Bensa Hybrid 84 57 191 00 11 15
C. Basanda 100 71 172 94 17 42
/. Bengal 59.79 261 CO 1 M
8. Bombay 69 58 220 00 16 42
9. Coylon 66 03 1£6 67 12 24
10. Chingalpot 40 17 1-22 v 27
11. Chowghat Dwarf Green 40 67 125 0 6.08
12. Chowghat Dwarf Oiango 47 53 1°'3 0] 7 75
13. Chowghat Dwarf Yellow! 64 33 [t-5 00 10 Li
14. Cochin China 67 29 234 S3 15 21
15.  Fiji 59 21 201 25 11 92
16. Gangabondani 60 40 189 50 11 45
17. Godavery 69 71 151 25 10 54
18. Gon Thombili 70.23 161 50 11 35
19. Gudlathum 72 60 173 16 12 57
20 Indupall 52 29 207 00 10 82
21 Jamaica 65.28 229 50 14 98
22. Java 66.03 236 26 15 6
23. Kappadem 43 17 233 13
24  Kodiripadu 63.54 105 00 11 23
25. Kulithalai 71 29 212 11 10 48
26. Lakshadweep Dwarf 46.28 130 00 15 12
27. Lakshadweep Ordinary 93 13 193 70 6 02
23. Lakshadweep Small 115 42 18 04
29. Malayan Dwarf Green 57 67 103 £0 12 52

N
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(3) (4) (?)

0) (21

30. Malayan Dwarf Grange 50 67 152 50 773
31. Malayan Dwarf Yellow 63.67 130 00 8.93
32. Malrcsapuram 45 33 169 77 8.20
23  Mysore 55 46 137 78 10.41
34 N avasi 63 67 239.50 15.25
35 New Guinea 75.21 247.25 18.60
36 Umu ur 59 66 225.00 13.42
37  Phil ppines Kahbahim 77.00 218.00 16.79
38 Phi ppmes Laguna 74 00 216.50 16 02
39 Philippines Ordinary 79 33 236.50 18.76
40  Pollachi 52.17 160.75 8 39
4L San Ramon 51 29 346 00 17.75
42 se'arn 54.67 185.50 10.14
43 Saychel es 36 33 163.67 5.94
44  Siam 78 83 189 00 14 90
45  Sp'cata 116 17 175 00 20 33
46 s S apricot 26 04 167 50 4 36
47. S 3 Green 62.71 184.75 11.59
48 Ttinjore 49.17 155 75 7.66
49 Thembih 65.37 182.86 11.96
S0 Tmruth-rjpundy 50 08 112.33 5 63
51  We>r Coast Tad 67 53 180.00 12.16

The culti/ars with an annujl yield of 70 nut and abovo included Baboor
(71 9 Bi»andj (100 7), Bansa hybrid (71 9), Andaman giant (78 7), Goan
fhembdi (70 3;. Gud afhim (72 G), Kulithalai (71 3), Lakshadweep Ordinary (93 1)
Lakshadweep Srnill (1154), New Guinea (75 2), Philippines Kahbahim (77.0),
Philippines Laguna (74 0). Philippines Ordinary (79 3), Siam (78 8) and Spicata
(116 2) The pop dir r.u rivsr, West Coast Tall yioldod 67 5 nuts pur palm. How-
ever, in copr i out rurn per p dm per year Spicata topped tho Ilist with an yield of
20 3kg The j'r j m Philippines Ordinary (18 76 kg), New Guinea (18.60kg) and
Lakih idw *ap Ordirnr/ (1801kg), rinked the second, third anrl fourth positions,
resper rively Against this, ft,., We ,t Coast Tall registered a copra out turn ot

12 16 kg per pilrn only

ifie-tn typ-n of covanu! in the vjermplasml collection wum .1lisg eval!-
ulied for their toddy / 11 (Fable 2 16). Fwo p 1fTin from nich type wore lapped
continuously for 6 mouths ar | yield of sweet toddy recorded dally. The best

yieM< r was Lakshadweep Ordinary recording | litres per day

The next t best type was Andaman Ordinary with a toddy yield of 151
'res per day The popular variety West Coast fall yielded only 0 G5 litre per day.
Siam and Spic m did not vyield any toddy at ill
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lublo 2 H» I"valuation ol to' onut t,|-'-i f<" I

flo of dar,*  Tuddy yield ~ roedd tkr T

Typ.i yielding toddy (litre I'faf pihn PdIm per P' i L
(<Hit ul 180 da/S)  per V &0 filrt day T/

Andaman DwuM 1 34 0 321 2 49
Andaman Ordinary 11.4 241 4 1010 33 74
Andaman Giant 3 01 0 042 012
Bengal | 00 0 134 0 94
Bombay 10 10 0 100 100
Cochin Chin.i IM j 198 0 0 831 1720
Fiji 129 03 0 0 493 9 09
JilVil 121 01 O 0 002 12 20
Lakshadweep Dwarf 10 00 0 00 0 03
Lakshadweep Ordinary 138 224 7 1 00 40 80
Lakshadweep Small 112 78 0 0 70 19 00
New Guinea 89 54.6 0 01 12 12
Philippines 85 01 5 072 12 31
Straight Suttlcmeni 163 75 7 0 49 9 09
We9t Coast Tall 133 87 0 0 05 19 33

Hybridization and selection
Selfing and crossing in coconut

In tho dwarf varieties, self pollination occurs due to the overlapping of
the male and female phases in the same inflorescence However self po’ motion
is not uncommon in tho Tall varieties in certain seasons, oipecially when the pro-
duction of inflorescences overlaps At Kasaragod. eight high yielders and three
poor Yyiolders wero selected for selfing in 1923-24 with a viewy to study the
inheritance behaviour. For artificial selfing, the pollen was collected from the same
inflorescence or from tho next one according to availability Selfing was done
in eight high yieldors and three poor vyielders. A total of 958 Towers w'ere polli-
nated out of which 196 dovoloped into nuts. Crossing was also done between
palms having green round nuts and those having red round nuts. The palms with
green round nuts were crossed with those having green long nuts Tree* with
long flower stalks were crossed with those having short flower staik and vice ver»a
Besides these, one was artificially solfed. Thus, a beginning wa« made in »elfmg

and crossing of coconut with the ultimate objective of evolving high yielding
varieties.

The studies on the performance of the progenies of natural sells end
croseos were continued in the subsequent years. The observations made on the
number of leaves and height of the progenies indicated that out of the twenty nine
comparisons in sSix instances, crosses were supenor to naturals while in two

instances crosses were superior to selfs and in ten cases naturals were better than
the selfs. Selfs, thus appeared to ba poorer than crosses and naturals
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Controlled cross pollination bet ween thick meated and thin meated parents

to assess the influence of male parent on the endosperm of the nut of the female
parent was done at Nileshwar The trial was conducted with thick meated and
thin meated parents. Two thick meated parents (female) were cross pollinated with
thin meated male parent and vice versa. The selfed bunches of the respective
parent trees served as control. The nuts were converted into copra and the weight

of copra of individual nuts recorded (Table 2.17).

labia 2 17. Thickness of meat and weight of copra of different cross
combinations

Treatment Thickness Weight of

of meat (mm) copra nut (Q)
Thick meat (Self) 13.97 186 88
Thick meat x Thin meat 13.10 187.23
Thin meat (Self, 11.68 154 94
Thin meat x Thick meat 12 06 167 44

There was a general indication that the thickness of meat tended to
increase //hen a t'nek maated male was used for hybridization.

The exploitation of hybrid vigour by crossing distantly related parents was
thought of during the eariy 1930s The main objective of this work was to spot

out parental combinations that would give vigorous seedlings and better types for
further multiplication and distribution.

Cr3"3mg was first attempted between high yielding ecotypes possessing

desirable economic characters Later, the work was extended to ecotypes and

prominent variehei and o/er 2000 progenies wero raised in the year 1932 for
evaluation

Hy bridization

Systematic hybrid zatmn studios wero taken up in tho year 1932-33
under the following schemes

Scheme 1 Very high hearers (fielding, on an average, 100 nuts jjor year and
above)

Five tre™® wom fed each one to represent any of tho following gu
anntativa ch iracteri

11 Lligh yield of nut
2) Large numberof female flowers
3) High setting percentage
Very thick meat
5) Rig si/Ad nuts
One hunch was selfed in all the palms All possible combinations of

crosses were made. Anoth°r group of five frees of the second best formed tho
duplicate
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FP»Img dA I rrit
Schdinu ? Selfing and *rossmg of iiue\» hrni /[ 11 *

producing very lumj»3 number of b in-de- flower..

Scheme 3 Crossing ol iuinalu flower. of A f-w/n_rc{ _1|Iff/|/ff/r/(%s| Iv\(J .
a ciwtiff Iviid i(i bm wlietnef thu nge <l " LA TO)h- T

Schema -1 Cff,b irivy hutwueri regularly b» mi g unfl , r* A A : f
with Iha ohjfM live uf 111'ii1K oul whelhef Old nigh /.e my r =.,
lfeyulll ljvmH fli M."iljiff he ° Wilolf.d fMJUli.'f jtl

Ilid liylifid inils produc'd tmfeif Mie h  hum* s m 173* *> = *

lho nui'iurv km-ping oil ilm rniribm.ilmns ol individual mode,r p mu15 -fc w -

The Qurmiimlum of nulu shilled /fi after coz/img -md r& " ‘'rJ -

195th diy | ho progress ol gerrniu item Irioune i.ipid foj'n n,tr n ..crd a Tor

sowing and continued in ho go for .iriotlirt eight //e:ei">. The t”~ d germinal un
obtained was 90.38 percent Then; studies also reveled that though good ger-
mination might hJ due to <liiin inherent ch.ifnrti.rG  of t; medlar p-JniS

lilt* percent ige yermmJdtion in any p irtioulur yen wr; » [’

Tho hybrid srjadlings raided from the crcGrr-, dorr* t G = N [.ere

planted at Nileswnr Altogether 6 S'ied'mg'. /zero planted - 2. e * jnder
scheme 1 120 under scheme 2. 70 under r. heme 3 and 40 and re 1?74 Tn.jsf
the first over planted coconut hybrid p! int ition cjmo into e« c*w “ *le'-h zv.sf in
the year 1936-37.

The following obs**n itmns were r ojed on the s-edu r A 3ft* -
ficidl pollin.ition from the nbi).#8 schemes lhe r.jt-- of em 1 - . the
fiybrids involving dwarf jjjuji teitli r us litniilt or as mj u /I ubO.o

that of the rest. Ag regards height of seedlings, twas noted if:a* trie £&edirngs

from parents wliicn were high producers of female flowers wen- genera ./ jpenor
to the others

Tho important conclusions drawn from the study are
1) The selfed piogomes were inferior to the hybrids

2) Tho crossed progenies oi the Dwarf females and Tall males conf.ned 10 a Dwarf
typo

3) The progenies of the Dwarf males and Tall females showed good girth measure-
ments

4, The inclusion of dwarf element rn hybridization hastened the early express.on of
the leaf splitting nature of tho seedlings.

The progeny studies conduced on heleros-s in coconut hybr.ds revealed
interesting resulis. The age at first flower,ng. .he rate of product.on of soad.ces

length of stem, girth of the stem near the crown and number of leaves on the crown
were the characters studied The materials lor the ;turfi

natural and selfed progenies of the age qroup 9 to -1ve-.c tT' 9 >'ear-old

6 6
o y'w il gwor 1 oov.,Wdr'i
B.. a

expected to oe faster ,n the selfed group as the trees were older . Va,
thecase. It indicated that heierosis was involved and that with ~ if f _
there was reduction in vigour. with self fertilization.
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Flowering in hybrids

The tall types usually came to flowering after 7 to 8 years after planting and
the dwarfs after 3 to 3” years. The Ft progenies of the cross between the two types
flowered at the age of J* years The inheritance of age at first flowering thus
appeared to be intermediate in character between those of the parents (Table 2.18).

Table 2.18 Performance of hybrid coconut palms (Percentage of palms flowered)

Material 4th year 5th year 6th year
(1975) (1976) (1977)
Tall x Dwarf 20 50 100
Tall x Gangabondam 10 30 80
Tall x Tall 0 0 0
West Coast Tall 0 0 10

A comparative study of F, hybrids obtained by crossing selected high yiedl-
ing Tall palms with Dwarf green male parents revoaled that these progenios posses-
sed hybrid vigour The early Pairing lubit of the dwarf paront was inherited by
the hybrid It atta ned the steady bearing period mueh earlier than the Tall type
though irregular bearing was exhibited by certain troes. Tho lean harvests were
compensated by the very high vyiolcls in the subsequent years The annual yioldof
copra ppr palm rn Tall x Dwarf hybrid was much higher than that of West Coast Tall
fTable 2 19) 8 jsed on these observations tho hybrid Tall x Dwarf was popularized
among farmers

A large soe'e programme for breeding coconut wag taken up based on the
consistently good performance of Tall x Dwarf progenies for over 15 years Tho
Tall x Dwarf palms had the economic characters of early bearing, high vyield, and
good quality (copr-i arid od)

In a study for testing the suitability of Tall x Dwarf hybrids for further propa-
gation by sole .tmn from the nitur il progeny observations on the vogolnlivo chara-
cters were m ido at Pill ,ode in the progenies of lall x Dwarfand the naturalproge-
nies of West Co 1st Fall The re*u is are given in Fable 2 20

The n itur il progenies of Fa | x Dwarf were found to In*significantly supe-
rior to West Co i» Fall in the rito of le > prodM' Imn

The fidios rondu~ f?2d during th" yr r 1fifi? 93 on <opta and oil content
of the nut} o' tie* Fall x Dyvarf f*r ,iunes m/a ifml ih il 1 ginniqy ami quality of
copra coinpar '*1 | ivourably with tho ,1of Wo if Cmis? frill Hm observations on the
mrri md mmr varmt il i,r-isssea were continued dunno ihn euhsnqunrii years Tho F,
progpni”*s of file"-1«Tos | wore i so found lo he quite vigorous |he crosses involv
mg Lakshadweep Ordinary x Chowghat Dwarf and Strait Settlement x Andaman
Dwarf wore ibo found to be promturig
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Iflblu 2.19. Yield .iiid vitfhi ultnbutui of lall x

(mean uf 35 yums)

liw.nl iiyi'i,lls Av,jlr,, (0 al

il wm i | D .A{tif-f- |

ch X ( fjeif | IC |I|t.JngII|j
aracter S . (i WAF |
GKDIi)
Plant 1101111 (c m) 018 00 07110 328 ?]g
Stem girth (( in) Pb 00 M 60 16 00
lul.jl numbei uf InJvos (ifilin 390.00 340 00 oo

Numbur of funi.uonul leaves palm ?H 00 70 00 /

Annual luuf |>riniic lion palm 13 00 17 00 13 60
Annual mil yield p.ilm Pj JO 64 00 11 30
Mtt.tn nul weight (kg) | yo 190 0 40
Mean husked nut woight (kg) 0 00 0 Hj 0 10
Weight of kernel (kg) 0 24 o Yy? 0 05
Copra out turn pm nut (kg) 0 10 o 17 0.04
Oil content (%) 70 10 71 70 65.60

Tablo 2,20. Growth performance) of West Coast Tall and natural progenies ol
Tall x Dwarf

No of leaves rJo of leaves

Material produced on the
per year crow ri

West Coast 11.45 19 41

Tall

Natural progenies of 13.87 24 70

Tall x Dwarf

C. D. (0.05) 1.34 2 eo

S E 0.48 0 96

Tho studieB concluded on tho seedling performance of
Tall x Gangabondom, Tall x Tall and West cgpast Tall at Kumaraknm

Tall x Dwarf and Tall x Gnngabondam performed better than Tall x

Coast Tall in respect of girth at collar, average number of loaves, mean height and
age at first flowering (Tablo 2 21)

Performance of Tall x Dwarf hybrids

In order to study the transmission of hybrid vigour ,0 the progeny and to
md out whether would be advisable to usenaturalprogen.es of the hybrid for

furtr{er propagation, a study was conducted at Nileshwar with the foIIowin% treat-
ments:
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Tab'e 2 21. Performance of h/brid varieties of coconut palm: morphological
characters

Hybrid Girth at Number of

Variety collar (cm) leaves palm
1971 1972 1973 1971 1972 1973 1971 1972 1973

Plant height (cm)

Tall x

D warf 12 4 251 739 5.9 12.7 22.4 143.7 205.2 396.6
Tall x

Gangabondam 12.7 258 77.4 57 121 21.4 1451 190.0 371.1
Tall x

Tall 13 3 22 0 47 8 6.1 11.5 18.5 120.5 149.0 237.6
West Coast Tall 13 5 28 3 69.9 5.8 12.5 20.4 1425 196.3 382.4
iIF* Tesr N S 3ig Sig N.S. N.S. Sig. Sig. Sig Sig.
CD - 34 12 3 - - 2.2 18 4 23.9 55.0
(0 05)

1) natural progenies of ordinary Tall (WCT)

2) Talf x Dwarf

3) (Tall x Dwarf) x(Tall xDwarf) of tho same parent

4) (Tall x Dwarf) x(Tall xDwarf) of different parents

5) Tall x (Tall x Dwarf)

6) (Tall x Dwarf) x Tall

Out of the 312 experimental seedlings planted in 1961, three seedlings of
the following parental combinations flowered much earlier than tho others.

1) (Tall x Dwarf) x(Tall xDwarf)of the same parent

2) (Tall x Dwarf) x(Tall xDwarf) of different parents

3) (Tall/ Dwarf) xTall

The (Tall * Dwarf) / (Tall x Dwarf) progenies showed high precocity The
natural progenies of Tall x Dwarf arid hack cross of Tall x Dwarf with |WestConst
Tall gave high yield and good qualit/ nuts The same parental cross of (Tall x

O/virf] x *.'all x Dwarf) slowed /or/ poor performance) in respect of yield and nut
characters

Study wufSpicatfi x Toll end reciprocal crosses

fhis study was taken up with the objective of finding out how far the
economic characters of both Spicata and Typira varietms, namely the high rate of
female flo/ver produ lion of Spicata and fhn h*gh snlfmg percentage of Tall could
be combined m their progenies The work was started m the year 1956

The results revealed that in the case of female flower production end yield,
out of thirty eight palms flowered in thecross of Tall xSpicata,twenty eight had
thu spikeleas hirar ter In rherecipror.ilcmosouttho twenty fiveflowered, four-
teen showed typir.a r.liara der while eleven were spikolnss.
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Methods of pollination and viyour ol beedlmyb

In ordai to Imd out whether muthod of pollination m cotot u
[luuncu on the performance of progenies evolved through selling un A N 36
tiriiheial crossing, observations were made on palms planted in lhe ytji
The progenies evolved by hybridisation were found to be belter than natjra

sulfud onus, the laitui huiny the leasi vigorous (Table 2 2*)

Table 2.22 Lllutt of muthod ol pollination on the performance of proper*es

PdIttilt Cioss Natuid]l Selfed

diameter Nuts Tumale Sett Nuts Fermi r- m ug Nuts Furnale Selling
flower Him u) flower cC '] flower

High yield

High female 10 8 5 11 8 10 30 33 3

flower pro-

duction 10 0 36 7 27 3 4,5 26 5 17 0 30 23.0 13 0

High suiting 8 & 28.6 29 0 21 0 96 0 21 9 - - —

Thick meat 7 8 29.8 26 2 — — - -

Large sized

nuts 9.1 32 5 28 0 9.0 31 O 29 O 4 0 13 O 22 2

Inbreeding depression

With the objective of finding out whether inbreeding depression existed in
coconut, breeding programmes were taken up in 1924. Eighteen West Coast Tall
palms in the Coconut Research Station Kasaragodo were selfed iri the years 1924,
1925 and 1926 and the first generation selled progenies were planted at Pihcode
during the year 1926, 1927 and 1928.

During 1959 and 1960 selling was done in the S, progen es 10 produce the
second generation selfs Crossing was also done between progenies of the same parent
to produce sibs. These were planted in tho station in the year 1961, in a split plot
design in compact family blocks allocating six groups of progenies to six main plots
Each main plot contained two rows of five seedlings each and each row was a sub
plot. Thire were lour replications Planting was done by selecting the s-odhngs
strictly at random  The yield performance of selfs. sibmales and grand parents is
given in Table 2.23 Tho data indicated conspicuous inbreeding depression due to

selling  Hybrid vigour was met with when crossing was done between the pro-

genies of the same parent Work is in progress at Pihcode for raising the S3
generation.

In tho earlier studies, the inter varietal crosses involving Gangabondam as
the male parent proved better than the other dwarfs like Chowghai Dwarf Green or
Chowghat Dwarf Orange. Therefore to acsenam the combining ab.hty ol Ganga-
bondant with Tall female parents, conceited e,foils were mad* in 1945-47 by
crossing ,t with cullivars like Lakshadweep Ordinary. Lakshadweep Small Andaman
Ordinary. Cochm China West Coast Tall and Jawa. The seedlings of all these

crosses were planted at Pihcode for a compa.anve yieid study ,n the veer 1949
under rainfed conditions.
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Table 2.23 Yield perforrrarce of selfs and sibmated progenies of West Coast Tall:
nuts per palm oer year (mean of 10 years)

Mother Daims

la 1b 2 3 4 5
1/109 1 1C9 1 174 VI 4 1/129 VIIT 127
coloured
orange
Ist generation
selfs (3,)
(1944 to 1951) 48 43 59 57 48 65 48.57 46.98
2nd generation
selfs (S))
(1976 to 1985) 34 84 53 11 49 91 39 96 44.60 39.85
Sibs 45 39 47 04 81 13 55.00 57 53 55 95
Grand parents
(1920-29) 125 90 117 20 105 90 104 60 117 50

The observations made during the subsequent years revealed that the
progenies of TaM * Gangabondam performed better The hybrids commenced
flowering m 5 ye?rs and started bearing regularly at the age of 14 years. The
resulTs thus established the combining ability of Gangabondam with the Tall
varieties in general Amorrj the six hybrids, Lakshadweep Ordinary x Gangabondam,
the cross An.-jimin Ordinary x Gangcbondam and WCT x Gangabondam wero
superior to LMhidwoep Dwarf * Gangabondam. Cochin China x Gangabondam
and Jivi x Gangabondam rn respect of copra yield per palm and annual out turn
of copra per unir arei fTable 2 241

F'bio 224 Y.efd performance* of hybrids involving Gangabondam as the male
Direr? (mean of 1963 1985)

| Copra Copra Coptj
Hybr d Nut ylc_eld content yield out turn
pfar p ilm per nut palm per ha
10) (D fkl)
L iksh idw* r.p Ordm,u/ *
Gangahon 1im 108 | 194 5 21 1 3728
Lakshadweep Small <
Garujabondam 125 4 158 0 11 H 3506
Andaman Ordinary x
Gang ihondarn 95.2 211) O 20 6 3639
Cochin Chin i x
Gangabond.jm 84 1 204 6 17 1 3030
West Coast Tdll *
G ing.iljonriefn 100 2 201 0 20 1 3602
Jovi X Gangabondam 94 4 1/5 h 16 4 2903
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Hybrid Coconut 1) m rulutiontu us parent*-. an *10 * lo mi is lurnniantt d
Tull under raiuled conditions .it Pihcodfci (soil I/pu be
in Table 2 25.

L.MiudweuP OrdincJiyxGui.aal'Ondnm
T.iblu 2.25 Yield puifonmim e of Hie hybrid

(]'1C 1) ua ‘ iHiipared to us p°''€YS and West CouSt T«

Mean Me. 111 Copra | Qll
mil copra yield Oil y_leld
Vai iely yield i (Jfilellt ha content p<'kr ha
palm per nut yar gl
year AN (kg; yeef
Ltiksluidweup
Ordinary X 108.3 194 5 3748 7 73 1 2740
Gangabondam .
Lakshadweep Ordiriary 00.7 193.7 2988 0 08 C
Gangabondam 42.4 159 5 1203 3 G2 8 750
West Coast Tall 04 3 180 0 2959.5 03 2 1404

The hybrid registered on overage yield of 108 0 nu's per palm per year as
against 86.7 by Lakshadweep Ordinary, 42 4 by Gangabondam (b) ard 04 3 by
West Coast Tall. It yielded 3749 kg of copra per hectare annually a. against
2989 kg by Lakshadweep Ordinary 1203 kg by Gangabondam and 23:9 Xg by West
Coast Tall. This trend was seen in oil production also. The magnitudes of increase
in copra and oil yields by PHC 1 (Lakshadweep Ordinary x Gangabondam; over
Lakshadweep Ordinary were, 25 4 per cent and 33 5 per cent, respect,veiy. The

year-wise yield performance of PHC 1 and its parents over n period of twenty three
years (1963 1985) is given in Table 2 26

The hybrid Lakshadweep Ordinary x Gangabondam was evaluated at the
Gentral Plantation Crops Researeh Instnuto. Kasaragod (soil : red sandy loam; with
Chowghat Dwarf Orange x West Coast Talk West Coast Tall x Chowghat Dw'arf
Orange, West Coast Tall x Gangabondam, Lakshadweep Ordinary x Chowghat Dwarf
Orange and West Coast Tall over a period of eighteen years under uniform fertility
conditions. In this trial, the best yielder (nuts palm) was Chowghat Dwarf Orange X
\Alest Coast Tall which recorded an increase of 42 2 per cent over West Coast

Tall. The hybrid Lakshadweep Ordinary x Gangabondam wiih nut vield increase of
25.8 percent over Wesi Coast Tall ranked second (Table 2.27)

This hybrid was a'so observed tobe fairly tolerantto moisture .tress ai
Kasaragod. There was an unprecedented drought during the year 19B3 badly
affecting yield of all the varieties hybrids in the following year. However the
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Table 2.26. Product » t/ (mean yield of nat par pafm par year) of the hybrid
LaVsh jdiV*ep Ordinary x Gangabondam (PHC 1) as compared to

its parents and the West Coast Tall

Hybrid Cultivar

Year Laksnau/veep Lakshauweep West
Ordinary x Ordinary Gangabondam Coast
Gangab. ndam Tall
1963 94 0 748 67.5
19£4 89.6 636 91.5
1965 103 0 44.2 . 46.5
1966 129 6 107.6 . 76.4
1967 109 3 800 31 8 69.4
1963 124 0 85 6 93 64.6
1969 87 1 63 6 25 4 62 2
11*70 9- 3 68 4 93 32 6
1r,7T 124 3 78 4 25 8 GO 6
1972 151 6 84.R 20 G 63 2
1973 175 5 914 59 2 80 A
1974 145 5 90 0 31 4 43 0
1975 n o 833 70 0 82 0
19 >, 1118 97 8 21 4 65 8
1977 1*9 5 103 0 84 6 92.0
1973 92 3 113 2 30 6 68 0
1979 113 3 83 8 78 0 76.2
1380 92 5 63 2 54.0 67.8
1931 1010 121 0 90 4 78.6
1992 95 3 78 fj 11.6 63 4
1983 66 3 106 4 1112 70 4
1934 5j 8 86 4 17 2 48 6
19 5 101 5 92 G 60 4 62 2
Me.in 10 3 86.4 44 4 64 8
livbr d >ir. ;o> vir f» Ordinary ;r, the fern ily P.mm? (Lnkshndwei p OnJi
nary x G_v ond m f jn.cfip Ordtn ry x Chowyhfll Dwftil Orflnya) rcgistur d
rd Hi/ I/rn r* nufy Hfrm Ch ./J/ [»itDv,lOnnynx W- *ICotr Lill, W. mCn st
TV xCl, ait itDr."irfOr ry Wg it f/i.j:,! 1)1 x Gfinrj.ihum knn 3 2111Wir | Cn.iM Fal |
during the yfrir 1934 (fab ? 2 28)
r,r(iah M  flif. Al hidhi Co nr<im.jfofl Coconut ni d
| Improvement | t Wod Imp lir*6| nt Tri iiwlnun during [\J»w*inher

(g9 11 r 1" id | H *rel iso of Wl wli/lird 1 il fih nl/. eeegi Oitlin try x Gnng i-
boridrmi (PH'A 1) in K*nf i Hie VII Variety CvdUiation Commit?'o of tho Kerala

; .ruXur ;I University Approved the recommendation on June 6, 1986 and do< idrd
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VA/> 2 27 {KM [iijtfoiii’ nF* T 111t7
typo N 'l mi*l  Hite

_ L oin | « » . cC a
/lj-1m Gjar
Ir »<f1' 1 A Tt
I 1f;1i 1
1K | (/n i
Cho/.gh il Uv.nrt =A. iii" * W» ’'q *\/ [
co.r.t 1ill 164 o (it 8 97
_ _ /| 1 1#/ | TS
W OT Chi.wyh It u.v ifl < H.'/* Ot
WC | x G.mg ilmiid in* /] 2, ”
Liikshad.vi.’fp Ordiiiell/ 'A .li'iwyl 1 19 4
D rl Or irujo Vh 4/ \/A
L k*li.*J-96 <f> ry /
. . ' 422 25 8
Gang ihoinl (ji* /1 124 286 7
W. st Cu i5t T.ill L9 r.t
Tibhc 2 28. Yield p* rfunnaiM n of coconut hybrids duf ~'y "= ithess
condition. LPCRI, Kn. rjgod
> Copra
Hybrid fJut yield per p dm - 0O per
1931 1982 1993 1984 rme.’ 0~ nut 9)
Chowghat Dwarf .
Orange x WCT 126 8 20 4 160.7 15 5 fg i O 208
WCT x Chowghat
Dwarf Orange 102 3 26.8 147.6 22.6 2% 8 25.7 198
WCT x Gangabondam 92.8 21 5 105.6 115 57 a 189
Lakshadweep Ordinary
x Chowghat Dwarf
Orange 779 68.4 37 8 67 5 77 9 30.9 195
Lakshadweep Ordinary
x Gangabondam 96 5 55 4 99 3 49 2 75 1 26 2 195
West Coast Tall 87.0 28 3 94.6 288 59 5 186

to release the hybrid ns 'Laksha GangaC The State and Central Variety Release

Comm.ttees officially approved the release in the year. 1988 A Dbr.ef description
of the variety in comparison to its parents is given in Table 2 ?9

In thO Year 1983, the VIII Variety Evaluation Comm,tee of tn9 Kerala
Agricultural University fur her recommended the release ol two more hybrids-

A ndam an O rdinary, X G angabondam %PHC 2) and WeSt CO,S, ran X Ganoabondam
(PHC3) taking into consideration their consistnn.lv ' Gangabondam
1 Po- °<23 anade, -.i, » »

potential nut yielas of 95.2 and 100.2 oer n->Im hyDr'ds fe 9slerc

man Ordinary. 42 4 by Gangabondam and *Qé} §Lp9/ \’X/egt I_“oagt TZ\IT SJm' cc/)\pra ar%l
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Tab'e 2 29 Biometric and yierd characters of the hybrid PHC 1 (Laksha Ganga)
and its parents. Lakshad.veep Ordinary and Gangabondam
Parent
Character Laksha Lakshadweep Ganga-
Ganga Ordinary bondam
Habit Tall Tall Semi Tall
No. of functional leaves per palm 31.00 27 20 26.70
Annual production of female
flowers palm 304.00 345.00 350.00
Mean number of nuts palm 103 30 36.70 42.40
Ago at first flowering (rainfed
condition) in years 5 6 4.5
Polar d ameter of nut (cm) 20.45 19 38 21.73
Equitoria) diameter of nut (cm) 14.85 14 05 13 50
Weight of nut (g) 677 03 810.25 912.00
Thickness of husk (cm) 1.85 1.26 1.38
Weight of husked nut (gj 380.00 52G.75 578 00
Diameter of eye (cm) 0.75 104 1.09
Thickness of meat (cm) 1.03 125 1.15
Weight of opened nut (g) 351.50 453.25 487.25
Weight of copra nut (g) 194.50 193.70 159.50
Reaction to pjsta and diseases
Stem Bleeding Susccptiblo Susceptible) Susceptible
Adaptability Adaptable Adaptablo Adaptable
to all soil to all soil to all soil
types types types

oil our turn also PHC 2 andPHC 3 showed thoir superiority over thu parents (Tablo
2 30). Thesq hybrids christened as 'Ananth i Ganga’ and Kcra Ganga', respectively,
are expected to bo officially released shortly Tho agronomic traits ol PHC 2 and
PHC 3 aro summarised in Table 2 31

Table 2 30. Zield p -rformanco ol thu hybrids Andaman Ordinary x Gangabondam
(f HO 2) and Woaf Coast Tall x Gangabondam (PHC 3) as compared
to thoir pjr nt, (rnujri of 21 years)

Nut yield pm Copra Copra Oil Oil

Hybrid p jlin par pur ymld Suiting cunimit yinlil

culhvir yrv.r mil bn year CJ C\.) pur ha

(0) 1u (kg)

PHC 2 9 70 210 00 3530 78 H5 68 00 2414

PHC 3 100 20 201 00 3502 38 24 60 00 2485

Aric ] iman

Onlm ir/ 51 03 186 50 1687 21 55 68 00 1147

Gangabond en 42 40 150 50 1201 12 11 62 70 756

WK si O *<t Fill 04 30 180 Of) 7050 2/13 68 10 1404
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Table 2 31 Yield rh tisijicrs of Il j li
bon*lini>and PH
with ill i parents

Ct|d| Il

n.ibu

No Il function Il | jVnb |)tillll

I rorc tionr (11 1w01ma1lt* ilga m
palm aimu.n

No of nuts |j 11n (mu in uf 23
yinirs)

Ai|» at fust IIm .%o mmij (year .)
|Jolar dumotor of nut (cni)

Cqu torijl diameter of nut (cm)
Wunjlil uf nut (k11

Thii®*ness of husk (cm)
W.Mcjhi of husked nut (n)

Ui imoter of the (cm)
Thicknos of meal (cm)
Woirihc of openo3 nut fq)
Woight of copra p”r nut (q)

Reaction to stem bleeding

Adaptability

Being a perennial crop which
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32 0

I m j

hs 2

5

22 h
b ]
11
1'J
793 0
157
120
591 0
210 0

Sm"CO-

pt hlu
Adapt
bb I
to ll
soil
types

o (/M.AL LI
| AG i i v m"
Ui Ao
|l T M
Jk O 2f 5
7%j/ 0 70
IbO 2 ol 1
b 7
20 2 2 5
ib e 175
12 11
17 2 5
700 O 7C9 0
119 1 28
120 120
578 0 507 0
201 O 180 0
Susce- SUSt -
ptible Pt:J>*3
Adapt - Ad .m -
ab e (i
to all TO j'i
soil Soe\
types types

iIs commuted to the

IV_

lum) m" 1

r,M

Serin f»

20 7
2 i)0

42 4

45
21 7
13 5
fi J
i 4
575 0
1 00
115

487 0

155 0

S'js' e-

pl b e

"y p*
cij'e
TO all
SO

ti pes

land for over

riir- irJ”on

WCr

lull
10
2j 70

04 3

v

209
1CO
09
24
150 0
1.13
122
422 0
180 O

Susce-
ptible
Adapt-
ab’e
to all
o)l
I\ pes

CO years,

the importance of evolution of high yielding varies and hybrids for m ci.n a
coconut production ,n the country cannot be over emphasised.

also to be directed m the agronomic era rutm.cr.-d

log.es (or realising the maximum yield potential of these palms.
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CHAPTER 3

Cultural Practices in Coconut

I P S Mambiar and N K. Sasidharan

Coconut cjlt'vVdfon requires considerable plnnning owing to the
per&nnral n tur& o, the crop. The lapses and mistakes made in the beginning will
mini esr fae<r effects o ly .vhon tha crop attains the stage of steady bearing. It
ti* 1 ajour ffreeny, irs for a West Coast Ta | palm to reach the stage of steady
bo g an Ja* this su g rit wouid be impossible to rectify the omissions. There-
fere, the adoption of appropriate management technologies is as important as
the choice of .Jriel>e, in coconut culture. The research conducted in the coconu
research state | Kerala state during the last six decades have helped to evolve
r - prj ;t :es. which are summj'ised in this chapter.

Density of planting
 rrocorut gro.ving countries, different standards of spacing are

adopt- ) The soa* ;ng adapted in Ker.jl ivjros from 5 m to9m Generally, tho
CuTi'/dtors adjj3r the spi;ing m such away that the fronds of thoadjacent pjlms,

when fu y ryo do not overlap

The /if? * r.;ip-j' ,e of coconut cv West Coast fail to density of planting

am , 'tfij J'io J a the Co:0; jtReaoarah Station Pilicocfe during tho period 1925-1966
6 7m. 76 manrl 9.1 rn— to accommodate 247, 193 and 143

po ms per h cfar- r-sp.»ct vel/ iri a In inqular planting method. The results
reveiicd tl it tho den ,py of planting hid no significant tffoct on individual palm
yif d »fsiollih & i ifye d n runit areawas the highest m the plant stand ol 247

soi ic.)) obvio j,ly duo to higher plant population 1he study also
indicated rl»jr thg >'penddure on mamton mco was more when tho seodlings were
pl irlrd c-oce D . -p th r M/jmum return per rupee invested on maintenance
was milled from thn p’.inr stiid of 74/ tier he (Table i) 1).

r ibl« 3 1 Re (pOhj *o enron it cv West Co isl fall to planting density
Spa*liuq Pl inf pop i flufo pMr fJut yield ft inn of not income/
ifn mg-jl laHon p*v hi  pntni p~r per ha investment on mnint
Sy dung y/Mir per year onance
07 247 36 7 90/6 135
76 198 35 2 6409 116
M1 M3 37 2 651 1 11b
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that A ir joei ! ‘u np P

compr » | %r factor al combif -t 0L b of ti>t3bj “m- <6:./ 0 O 5 0410 »j NPI

10m.* 10 nii and ihrde ff2M I ty Ib.a .{ab”o 'o'1iol 0346 P = ol
- t fic o \J
sjl i'0 ! g 1 t» . 'c3

symptoms o0i rnj Atur,* bin? , during li* It,! Db irn#l- n > 3 = ft b

it sibid * £ * b fd compwist on
r »pj ‘fed L, 7 6 *"]_1_*

lor 'ght and nio wturtt Thu Mjmul.itije n 1'HVJ
1 pc»od 1976 to

7 5 ni spacing cner 5 m x5 in spacing wm¢ 011 pa-'u J-f T
to 19:5 Thu wider spacing of 10 m x 10 m cons sitrt<y r«y. t?"' . <fS
yield per palm, but tho magnitude* of incrouvj o.cf n* 70 ./ [ >' .
only marginal.

Tablo 32 Cumulative nut yield per palm for 10 years <1£76 ti - fiut >ctd
by spacing and manuring.

Fertility level (fJPK Vg per ha)

Spacing (mj 0-0-0 0 340-0 225- 0 660-0 450- o/ear
0 450 0 SCO

50x50 13 9 149 1 156 6 106 5

7.5 X705 121 9 501 9 629 2 4'7 7

10 0 x 100 187 6 596 5 764 2 516 1

Mean 107.5 415 8 516 7

C. D. (0 05) 73 6

At all the three levels of manuring, an increase m £pa” ng tended tc
improve the productivity of palms with Iha 10 m x 10 rn spac--g recording the
maximum nut yield although tho d.fference between itard 75 m k7 5 m spacing
did touch the level of statistical significance at the higher fertility Ilevel of
0.680-0.450-0 903 kg NPK per ha. The results conclusively proved that under

average fertility conditions (0 340-0.225-0 450 kg NPK per ha}, a spacmg of
75 mx 7.5 m was tha optimum for the variety West Coast Tall

Depth of planting

The depth of planting of coconut seedlings depends on the w.ure and
depth of soil and the local climatic conditions. Wnere water table .s d»tp and drv

season prevails for a larger part of the year and so,l ,s hard surface p'ant.na ,s not
advisable because it restricts the bole area and favours the format on of ashallow
root system. In order to arrive at an optimum p'antmg depth for cocon* t a f aid
trial was initiated at the Coconut Research Station. P,l code (sc,| tvpe" la-er.tel
as early as in 1923. There were four planting depths,-, ths tnal 0. .surface
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planting) 30, €0 and 90 cm. Each treatment had 3 rows of 12 palms. In all
the treatments. 90 cm1 pits were dug and filled to the required depth before planting

the seedlings The test variety was West Coast Tall.

The growtn performance of the surface-planted seedlings was poor and
tha mortality rate v/as high. Such seedlings developed very shallow root system
and dried up during the summer months. The deeper the planting, the better was
thegrowrh performance. However, in nut yield, femalo flower production and setting
percentage, the depths of planting did not exert significant differences.

Intercul tivation

Intercultivation per se lias been observed to incroaso the yield substantially.
In order to find out the effect of leaving n cultivated plot wuncultivated for a number
of years and agan bringing it to cultivation, an experiment was conducted at the
Coconut Pesearch Station. Kasaragod during 1932-36. It v/as found that though
the female flower '-.'oduction was not affected, thoro v/as significant reduction in
the setting percentage and yield of nuls for want of intercultivation. From 1937
onwards, when the garden was brought under regular cultivation and manuring, it
was seen that tna yield of nuts and retting percentage increased significantly. A
definite improvement in female flov/er production, setting percentage and nut vyield
was noticed from 1940 onwards. The incroaso in yield due to intercultivation alone
vias 32 9 nurs per palm per year (Table 3 3). Manuring further improved tho vyield

by 9 4 nuts per palm per year

Table 3 3 Effecr of intercultivation on tho vyiolil and yield attributes of coconut
cv West Coast Tall (1934-1958)

Nut yield Number of  Number of Setting

Practice per palm bunches nuts per porcent-
per year per palm bunch nge
No cultivation, no manuring 1b 3 4 4 2.9 28.9
Regular intercultivation 48 2 98 4 8 29.7
Regular intercultivation and
manuring 97 Db H) 7 5Db 29 7

In another frill to study the comparative performance of coconut tv. West
Coast Tall in aregularly rulhvafod hut unmanurnd pin! and an uncultivated and un-
manured plot, the difference in m”iri yield w as significant with tho fnrmet recording
54 3 nuts per palm as against 11.9 nuts p»r paim by Ilin latter The beneficial
effect of regular cultivation was wall brought out by tins study

An r.vperimnnt ?n compare the effect of ploughing anil digging on coconut
yield was started m 1942 at Pihcode with the following 4 treatments*

1) Houghing once v/ilh a monsoon plough in August

'L Ploughing tn X" with a monsoon plough in 11Ilno and Snplernher
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3. Ploughing tinn e ..eh aiii-msuon j.I'M u ' An oo it L A

4.Digging once  Hi h inanui: >uy mu'F'" il
Lty - .ults (il | Wit lhow dii/ ~grid <uitup e * a» w1 ies
HowdVui ploughing i uin Ju
il I gliijsi nut return pui |inlni i fable 3 4; andit <* 4 0 /M| ' ] 11* i dM fg
ru mving onu digging H August tjpluinbM
UMill' d Il Ultj 1M«ATINNE * (1M fet (11
I »1]i|]0 3 -I (" Ohullll* U of diff'.u 1Lf..", lid 'j *4 Hi* I
[[e i'Il "' 1
IL.m]|lilt]'] 'zl 1"k-1 D Mgj >,
i, » W I.
IR T AT willi 10t uiit] jom i it 1L .
plough h I'Kji."* .o* nn.mo Jncitntt *H
plough 'uu

Co .t of cultivation ox..hiding Tl |
vxpurllion11 of>survullon 74 85 74 o] /4 Kl
Cost of cultivation fur
experimental operations 4 25 8 60 1?5 T
Cost of weeding G 54 4 36 213
TutJ cost of cultivation 85 75 87 7r- 69 c' 163 66
Com of cultivation per palm
pur year 175 175 1:0 2 07
Yield of rails p- i palm |acr
year 17 50 19 30 Kw 24 r 0O
Value of nuts at Re 0 22 par nut 3 80 4 19 5 1j 6 91
Net gain per polm per year 2.05 241 2 29 2 25

Depth of cultivation

In ordrr to find out the optimum depth of inifr-cui’;'A '"n n a coconut
gar ion, an experiment was conducted at Pilicodo with tho fo o.. r.g irc-ulmcras

1) Ploughing thiico at a depth of 10 cm with a monsoon plough curing July'
September and November

2) Ploughing thrice at 16 cm depth with a victory plough

3) Digging to a depth of 12 5cm with a mammony and fcrrr.rg mounds m
September und breaking up the mouncs end le.e l.rg m Lt en t* r January

Tho lest variety v.'as West Coast Tall. Tno results re.eeiej no Significant
difference among the treatments.

The elfect of cultural practices on the yield and bear r.g habit of cv

West Coast Tall was studied in the reclaimed alluvial soil of Kumarai-om durirg
1962 to 1969. There wcre four treatments in the trial;

1) Two diggings P-'f annum during August September and December January
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: I |[iH >i/j Qi lubbf plus rm%*
8) Application ol paraquat at 2 b | pur ha MMaf( -

digging in D&cemhbr Januaiy nfi ( efjld
9) Application u( Dalal)un at 3 75 kglJBf Ilid " * 1C. ! f

In Apr1l Juno ami October plusonudigging 11 6l Q11 ti X\ par
10) Sicklu weeding in Maich and August and apph« atmo I *

par ha in April ami September

11) No weeding (control)
. 1 gk. ¢ jjiN\b Ischaemu/n

Tho |jroit(tillifi<pll weu'l ipecios in ilia "™I**""* n fall5 Coniinelnut
nmlictiiii, Humcum refirurv_ I>,,,tcin>i SV
diffusa (grasses). Cyperns trta, Cyperus tufundas J

Agcratum cuny/onfas (binnd leaved weeds).

Ilhi methods ol weed control wen* observed to inllut-iKH th- composition
ol thu wiihil flora in Urn cxper,menial plots Tho cultural methods ol weed rontrol
tended to increase thu number ol species Paraquat u thei alone of m Cj | na
with 2, *1 0 observed to encourage the regeneration ol bramiriBt)J wf-b* s 1 %
Drach,aru mut,ca and tscha, mum muntum. Dalapon efh uvaly controlled these
two spocies but encouraged tho establishment of broad h-uvi d v*t»-dr,

The data on the dry matter of weeds showed di.jt a combination of cultural
and chemical methods was more effective in wood control than < ihtr of them alone
The treatments 7 (15 2 per cent), 4 (10 O percent). 1 (10 7 prrent), 6 M28
percent) and 2 (12 1 percent) registered marked increases in nut vyield over th*
pre-treatment yield while the unweeded control recorded a decrease of 10 9 percent
(Table 3 6)

Moisturo conservation

Coconut husk is generally utilized lor the extraction of fibre (‘'co r) However,
in some areas, a good percentage of the husk produced is utibzed for fuel end other
purposes. The husk could also be utilized for moisture conservation in coconut
gardens. Coconut husk when buried in the soil absorbs moisture and eels as a water
reservoir The moisturo so stored can be extracted b/ plant roots In an experiment
conducted at Pilicode to study the effoct of burying coconut husk (58292 per ha) and
leaf (3335 per ha) in linear trenches of 18 mx0 45 m dug m between rows of
coconut palms, it was found that the yield of nut increased significantly from the
third year onwards. Tho first visiblo eflect was a general improvement in the con-
dition of the palm9 followed by an increase in the number of functional Ileaves,
female flowers, setting percentage and nut yield  Further, the results also showed
that the beneficial effect of burying husk lasted for 6 years (Tab'e 3 7)

In order to study the effect of opening trenches in the coconut gardens and
filling them with trash and compost on moisture conservation and growth and y.eld
of coconut, an experiment was conducted at Pilicode during 1S32 Trenches were
cut open inthe experimental plots to a depth of 30 cm and a width of 60 cm* at me
close of the South-West monsoon. They were then f,[|ed with dry coconut leaves
green leaves and compost and covered at the end of the North-East monsoon The
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Table 3 6. Effect of cultural and chemical methods of weed control on dry matter of
weed* and yield of coconut cv. West Coast Tall

Dry matter Nut yield per palm par year
weight of Pre- 1984 1985 1986 Mean
Treatment weeds (mean treat
Sl. of 1985. '86 ment
No. '87) (g/m1)
1 Two digging* 880 28.6 29.9 41.2 28.3 33.2
2 Weed free 3 330 34.9 47 3 29.5 37.5
3. Sickle weeding 773 34.7 31.9 43.3 35.4 36.6
3 times
4  Mound format'On 702 34 2 32 8 530 32.9 39.6
and levelling
5 Paraquat 3 times 915 39.2 32 8 66.2 33 6 44.2
6. Dalapon once-f- 709 38.1 351 43.4 26.9 39.4
Paraquat 3 times
7 Paraquat -f 2, 4-D 1061 33 9 35.3 51.4 31 3 35.1
3 times
8 Paraquat 3 rimes - 621 42 5 41.2 48.9 38 4 42.8
1 digging
9 Dalapon once - paraquat 537 39 9 36 4 52 6 34 4 41.5
3 times — one digging
10  Sickle weeding twice + 1024 36 1 33.9 48 6 318 38.1
paraquat 2 times
11 Mo weed control 1923 315 33 4 40.6 24 0 32 7

Trible 3 7  Fff* A of burying foconut husk in tin* soil on the growth nnrl yield of
coconut rj We-.t Coast In1l

Increase Number
over of leaves
Year Nut vmlid r. u pm treatment pur C o.
per pifrn (0 05) yield palm (0 05)
(per rami)
193 7 38 0 29 3
treatment)
19 39 40 8 74 31 3 09
t treatment)
1940 030 75 65 8 32 5 08
194 1 09 0 75 83 2 31 1 12
194 2 510 07 42.1 30 1 -
144 3 04 5 71 09.7 30 7 13
1444 40 1 39 21.3 28 2 0.7
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growth and yield performance of coconut palms cv. Wobi CuaM * 1
tr®nch0d and non trenched plots were studied over a period of 1 years,

results, the following conclusions were drawn.

1) ‘'lrunehnitj resulted in a inuigm.d In* lease ni leaf piudu* lion
2) 1o occurred a general iin neihe in the produ» lion of spadices i firant
treatments in tho lust twu years In iho ih id year, ihfcia was a sig

Increase in sp.idix pniduetion dun to mm limy

li) The production ol fuinale flower i iri‘t,n?a*.odb/ ii pm cent doe utfe ¢ vy
1Mu third VeMr.

d) Tronchmi) led to ,i 5 1 per cent reduction in Hie dmddmy of buttons*

5) Trenching resulted in a margin.d increase in rut vyield

Defoliation and yield

During tho summer months, older loaves of coconut p*m 9,:* dried up
faster and are shed Il moisture stress is servere. tho pet ole* Lre. r and the leaves
hang on to the tree In the southern parts of Kerala, tnsre exists a practice of
cutting down oldnr coconut loaves in summer months in order to check uanspu anon

Tablo 3 8. Elfect ol defoliation on female flower production, sett ng percentage
and yield of coconut cv. West Coast Tall (mean of 1977- 81)

Female Setting Nut yield Net
flower percent- per palm profit
Treatment per age per year (Rs)
palm Pre- Post
treat treat.

(1973 - (1977
1976) 1981)

Control 134 5 36.3 54 2 49 6 :
Removal of one leaf every month 145 7 35.4 50 6 51 6 559
Removal of one leaf in alternate

months 137.9 36 5 52 3 53 6 335
Removal ot two loaves every month ~ 141.3 36 0 58.4 52 4 1109
Removal of two leaves in alternate

months 151 8 36 0 54 1 53.9 665
Removal of three leaves in alternate

months 136.4 36.1 52 3 50.3 989
F (0.05) NS NS NS NS

NS — Nor Sigmlicani
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Some researchers hold the view that drastic pruning of leaves is definitely harm-
ful to the palm  With the obiective of elucidating more information on this aspect,
a study was undertaken on a 55 year-old plantation of West Coast Tall in the F
block of the Regional Agricultural Research Station. Pilicode during 1977'-31. The
treatments are listed in Table 3.8. One or two older functioning leaves were cut
every month from January to May involving five cuttings of loaf in each treatment
every year In another set of treatments, one, two or three older functioning
leaves were cut every alternative month from January to May In these treatments
There were three cuttings of leaf every year. The leaves were cut at the baBo of the
petiole  Besides these five treatments them was an absolute control wherein no
defoliation was imD03sd Each treatment was allotted randomly on single tree plot
basis to twenty palms.

The data on female flower production, setting percentage and nut yield, on
fitat stical analysis revealed that none of tho yield attributes was significantly in-
fluenced by defoliation indicating that removal of older Iloaves had no adverse
effect on the coconut pjlm However, thero was a general docline in nut yield in
d the treatments which wag attributed to tho senility of the tost palms.

The economic ofdofohat on was workod out and it indicated that cutting
two leaves every month from January to May fetched the maximum net profit of

Rs 1103 -per hect ire per year.
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CHAPTER 4

Soils and Nutrition

P. A Wohid, P K N Nambiar. A. | Jose and K P Rajarani

Coconut being uyieldcr throughout tho year and a heavy consumer of suil
nutrients, especially. N, K and CI, it is essential that adequate supply of nutrients
Is ensured for sustaining and or maximising the productivity of ihe palm. Coconut
palm can tolerate several adverse soil conditions to a high degree and can come up
well in almost all soil types Research on the nutritional aspects and fertilizer
requirement of this important crop was started as early as in 1923 at the Coconu
Research Station. Pilicode Some of the early exper'merits gave important in-
formation on the nutritional requirements of the palm At present, accent is given
not only on the fertilizer requirements but also on several fundamental aspects of
nutrition to bring out clearly the major nutriponal constraints in e oconut production.
Several experiments are in progress at tho Regional Agricultural Research Station.
Pilicode, the Coconut Research Station. Balaramapuram. the College of Horticu'ture.
Vellanikkara and the College of Agriculture Vellayani, on these aspects

Fertilizor requirement

Three field trials one each at Nileswar | (Pilicode), Nileswar || 8nd
Nileswar Ill representing latente, red sandy loam and littoral sand respectively,
were started in the year 1923-24 and concluded in the year 1931. The physico-
chemical characteristics of these sails were highly variable (Table 4.1). The
manures and fertilizers used in this study were ammonium sulphate superphosphate
muriate of potash, fish guano, ash. common salt and cattle manure in various

combinations. These were applied evenly on tho soil and then ploughed in The
treatments per palm per year were:

1)  Ammonium sulphate (1.8 kQ)
i) Fish guano (4.5 kQ)
i) Ammonium sulphate (1.8 kg) -Rsuperphosphate (2 7 kQ)

Iv) Ammonium sulphate (1.8 kg) + potassium sulphate(0 9kg i
v) Common salt (1.8 kg)-Rash (9.1 Kkg;

vi) Ammonium sulphate (1.8 kg) -rash (9 1 kg)
vii)  Fish guano (4.5 kg) + ash (9.1 kg)

viii)  Ammonium sulphate (1.8 kg) + Superphosphate (2 7 kq) +
Potassium sulphate (0.9 kg)
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CHAPTER 4

Soils and Nutrition

P. A Wahid, P K N Numbiar, A. | Jose end K P Rajarem

Coconut being u yielder throughout tho year and a heavyconsumer of soil
nutrients, especially. N, K and CI, it is essential that adequate supply of nutrients
Is ensured for sustaining and or maximising tho productivity of the palm. Coconut
palm can lolerato several adverso soil conditions to a high degree and can come up
well in almost nil soil types Research on the nutritional aspects and fertilizer
requirement of this important crop was started as early as m 1923 at the Coconu
Research Station, Pihcode Some of the early experiments gave important in-
formation on the nutritional requirements of the palm At present, accent is given
not only on the fertilizer requirements but .also on several fundamental aspects of
nutrition to bring out clearly tho major nutriponal constraints in coconut production.
Several experiments are in progress at the Regional Agncu tural Research Station,
Pilicode. tho Coconut Research Station, Balaramapuram, the Co'lege of Horlicuhure,
Vollanikkara and tho College of Agriculture Vellayani, on these aspects

Fertilizer requirement

Three field trials ono each at Nilas.var | (Pihcode), Nileswar Il and
Nileswar Ill representing laterite, red sandy loam and littoral sand respectively,
were started in the year 1923-24 and concluded in the year 1931. Thephysico-
chemical characteristics of these soils were highly variable (Table 4 1). The
manures and fertilizers usod in this study were ammonium sulphate, superphosphate
muriate of potash, fish guano, ash common salt and cattle manure in various

combinations. These were applied evenly on the soil and then ploughed in The
treatments per palm per year wore:

1) Ammonium sulphate (1.8 kg)
i) Fish guano (4.5 kg)
i)  Ammonium sulphate (1.8 kg) -f- superphosphate (2 7 kg)

iv)  Ammonium sulphate (1.8 kg) + potassium sulphate (0 9kg)
v) Common salt (1.8 kg) -i-ash (9.1 kg)

vi) Ammonium sulphate (1.8 kg) -- ash (9 1 kQ)
vii) Fish guano (4.5 kg) + ash (9.1 kg)

viiil) Ammonium sulphate (1 8 kg) + Superphosphate (2 7 km -
Potassium sulphate (0 9 kgQ) ~ 07
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) Ash (9 1 kg)

X) Cattlemanure (45 4 kg)

xi)  Fish guano (4.5 kg)-+- ash (13.6 kg)

xii)  Fish guano (2 3 kg) + ash (6.8 kQ)

xui)  No manure

At Pilicode (laterite soil) the average number of leaves per palm per year

was the highest in plots receiving cattle manure and least in plots receiving fish
guano at the rate of 4 5 kg per palm. The production of nuts, however, was more
in palms receiving ammonium sulphate, superphosphate and muriate of potash. The
yield was the highest in palms growing on red sandy loam and littoral sand which
received 4 5 kg fish guano and 13 6 kg ash per palm. These palms yielded 25 nuts
per annum whereas those receive;] half the dose yielded only 18 nuts.

Table 4 1  Physico-chemical characteristics of laterite. red sandy loam and littoral

sands
Laterite Red sandy Littoral

Characteristics loam sand

0-20 30-60 0 30 30-60 0-30 30-60

rm cm cm cm cm cm

Mosdure /per cent) 1.48 167 178 1.90 0 28 0.28
Loss on ignition per cent) 5.28 5 48 341 4 15 0 77 0.87
CaO (per cenri 0 06 0.06 0 03 0 06 0 16 0 13
MrjO (per cent) 0 09 0 08 0 07 0 06 0 09 0.08
PjCL (per cenrj 0 09 0 09 0 07 0 05 0.02 0 01
K3Q (per cent; 0 23 0 23 0 13 0 11 0 15 0.05
Nitrogen (per cent) 0 09 0 08 0 05 0 05 0 02 0.02
Available N (per cant) 0 01 0 01 0 01 0.01 0 01 0 01
Available P O. (ppm# 40 00 30 00 40 00 50 00 40 00 40.00
Available Y O (ppm, 40 00 30 00 30 00 20.00 20 00 30.00
pH 500 4 90 4 90 5 50 6 10 590
Mechanical composition fpor cent)
Coarse sand 48 71 42 03 59.60 57 90 76 80 72 70
Fine sand 20 84 17 83 16 50 16 10 10 60 12 90
Silt 6 60 6 00 3 90 2 80 2 90 270
Clay 23 86 33.24 20 00 23 20 9 70 1170

At the Coconut Research station, fJalararnapurain a fnitili/nr trial involving
three levels of N Pand Y in factorial combinations (31confounded design confound -
incj NPK1and NP'K*) with two replications is m progress since 1964 This parti-
cuijr experiment was designed to test only inorganic; fertilizers namely, ammonium
sulphate a N source, single superphosphate as P source and muriate of potash ns
¥ source right from the seedling staga The palms during the past 24 years hnvo
riot received any organic matter application In this respect, tins experiment is
uniqgue and n perhaps the only experiment in the world being continued even after
f/lvo dei ides The levels of N were 0. 340 and 680 g that of P O were 0. 225 and
450 g and that of K O were 0 450 and 000 g per palm per year
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flj1 jjfod J tIfXi fiffchri

Among the tlirtiu nutrients, tunsislofU olluMs ,,M i n n j Bl.j;,:fi  £ir»|
observer! for N and K although superphosphate *ppl -11011 11 n jMn ,ei-i
effects in certain years {Table 4 2) iJuiinfj nuhul wfuij , (>3 r.j'f .enl .
the diffoiuii es in yidlrl increase* were more funbp ' IJf] ]S Jf N N AN jNhaim
However thu tiifleruncus decrease i with n no e/.upungq n n

The ru -ults of thu study dually brought out die mien! (, =>1-bb|U & .
. e e e : _ : ttl Hf*j & ij 113°J

duction Furthui. Iliti if itii iilso showed tnu imp ae° '
* e 1k PK and Iler

NPK fertilizer a”n nvidnm ml from the t»if|fufif.jf'* n ’:E‘JFII "\ NN
(Tdt)U- *1 3) It may t»» iMjt.nl tlt.it mirofjun "M -ilil .imj'1 1'e :J
tatliiM Ikiiniti1lto tin. palm 1AMl Ih e1lir1 &t *1 7 >1t =" 11 *
recorded for thu N INK cumhin.itMjri.

Some of thu early experiments conducted a* P.! < h.. =*cj N
liuak and loaf burial at thu rati; of 58292 |ui-.1"; and ySi
Iranchos of 18m x 045 mrfu | in betwurn row* o co j 1]
as tho application of 1 3j Kj ammonium sulphite. 0 63 "J P JM S jfj'al®
and 091 kg ofbonemaal pur pjlm per Y~3r Simrarl \ fcPP cd on tqua
nitrogen basis groundnut caku and ammonium sj phate ii jJ '<JTe or irS-» tie. same
effect on coconut vyield A comparison of different soar.*:-- fl 1 ncnriely

sulphate of potaslt muriate of potash (KCl) and wood aso ~ rJ’s of 04:'*]
KO p r palm par year indicated that thu latter two sii-uc-.s wrrt uptr.cr to
sulphate of potash Muriate of potash application j! the rj<e ¢c* 0 9ig k O Pef
palm was not found to be bettor than tho 0 45 kg lc.*

Table 4.2 Efloct of N. P and K on tho nut yie'd of co-onu! c/ h fc& Coas’
Tall in tho red loam soil. Balararnapuram (nut >e d pef pa m;

Year Nitrogon Phosphorus Potash C D
Na N. n3 P P, Pm K K K. (0 05)
1976 31 11.6 16.4 4.7 146 11 9 03 122 187 4 63
1977 59 18 3 27.9 93 21.2 2009 10 213 291 6 06
1978 68 18.1 24.9 92 21 2 194 05 214 27.5 5 60
1979 56 225 380 145 304 22.2 08 281 382 6 44
1980 6.2 224 341 156 254 21.7 15 279 333 5 99
1981 15.3 26.7 404 233 326 267 46 36.1 4i 8 7 47
1982 21.8 24.7 48 8 31 2 384 357 63 45 3 52 6 8 81
1983 149 255 365 229 286 25.4 34 335 400 7 64
1984 12 8 21.7 25.1 16 1 192 24 3 21 239 1336 6 10
1985 43 0 48 3 60 2 491 501 52 2 67 677 770 11 11
Cumulativ e
yield 136.6 248 2 324 8 192 8 256 8 260 0 27 6 31t 2 263 7 72 71
1976-1985
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Tab!*! 4 3  Effect of nutrient interaction on the cumulative nut vyield (per palm)
of coconut, 1976-'85

N x K Nut Px K Nut N x P Nut
yreld yield yield
(1976- (1976- (1976-
1925) 1935) 1985)
MK, 36 87 P.Ko 46 71 N, P, 139.33
N.,Kt 179 33 POK, 267 09 N, P, 133 96
N K, 194.21 PoK 264 67 N, P, 128 42
MrK, 22 00 P.KO 23.63 N,P 160.50
M, K 223 96 P K. 383.75 N,P, 357.21
N, K. 393 67 P.K, 352 92 N.P 226 92
N A 24 75 PA . 12 53 N,P, 278.54
N,K 451.40 P K 303 94 N.P, 28 M 3
M/, 413 27 PK « 463 56 NP 414 76
C D M 05 125.95 125 95 125 95

In on"h;f J,. it ,va.observed that application of phosphatic fertilizers
singly or inco » 'jtion with N had no effect on nut yield. The fertilizer trials
con | j~to Jto >*?j J/ tho response of coconut p il nto MPX fertilizers with and wit-
hour Mg. ro/oif »1 :hit in latento soils tho fertilizer m"|inrnment of the palm was
O5kg | 025 kg PPO aJ1 2b kg K O per palm per yujr Tho rosponso to applied
rrucronufner.'i v/.-b  f(J fertilizers was also studied m field trials. Tho micronu-
tr.ents tgr* d w”re B. Nu, Mn, Mo and Zn in livida illy with NPK or tho combination

of all the i ncronijfrien’s in tlie presence of NPK lh»j highest yiold was obtained
from N. P. K m| /o treated palms

Seven' boH rnrj’i hi.o been conducted to study the response to NPK for-

tifers ii firmofi' fe lcnri IrTest i In all thes-' cases, application nf fertilizers had
prn |1 1 f f ."veinincr ining »,onut yield An oxpenmont condu-
ct-vl 1itii 1 1 >nil Agriclibml Re .oar h St ition. Kum ir.ikom to study tho optimum
NPK r»gumin »nt of co .or; if pihm grn//inf| it} th « h ickwater am.is of Kerala siinwad
t if fertilizer itinn fn rh* .j u .id c recliiimed alluvium w.is in ponnral pffoctivo
In increasing nir y le rhpti jhiit inr.ro,i e myield w rj olr erend whon the pfilms

wen suppl ed with 0.2 >kg ri 03Jk|Po and O.hH lg KO par palm pur year.

Long term inorganic fertilization

he rhnir'i s in r.pdlcharm* al propcrtm and nutrient availah hty as a result
of 22 /e *rs nf requl irannu il norjli itron of am nlemm sulphite, superphosphate

an Imar neof r riVju/lirlivj I soiree/ilu 11" m |Ih® NPK factorihl e.xpuri -
nr.ni ihr. Co 'jnut Rase ir:h Station. Ba'aram lpur.v-n. The soil samples were drawn
from O [0 <m rl jptli at a lateral diqtirue nf V) r.m from the palm In addition, the

.| r.nj f, nr;t 0 go )b and /* 100 im wero k.n onllacilnd from

nohl sgl »rjin| treatmmis n imely. the threo-fi for combinations of NO. N,; Pn\\



| tifl itiotiggl* P 1T tho (it -

and K¥ K. for chemical iirulysis 1s.  M-iliBd  throuJ1l. lolm"
recotwlnj different r.M.Iut.l_ tu.rlmrrﬂtyzf,iI inli/ A 11 il .,n..5nlm RS | .
analysis. Thu chem.cal analysis rjl0.50crnsoil.no * , |(La,h .nlluant.d
pliciitim. of ii.ni.ioninm sull|jl..ila supoiphO'd.i'J'a J"' . _. o o >
c il ol.lud jJ W ll.inciuas ngsj i..Irt -
lhu soil il...i. i.stiijto vii/.ul 1 ® , Y j..[fi.iii 4 BH ... fJ plots to
*LSMtut” Hlpl, .. osoil pH o d«. 10 .b.oi ".of <« , Mo
438 M N, plots A iinl'.r In'ii'l wis ulm men m | *» 1 ( el li/d.uri
4 b). Onthonth... . m | <«< nl-iUlu 11 d, vi.nput Q.tr
TImi'i Ilf.r_lctv. Vol.. ik.ii i>1 not onl’y in tin. 0 to K) -.|O "5A 1F/[r L hil- jISTIL 11IGH UF
depths fliiiMl) | » I*n n(l m| *1 X1T*|u/,MMn | Vvj'l pHI ;I ow 1 o ,
. . . _ . WI'~ -_r.|.1<f ,hon of arr.moi.idCdi
ainmnmurul hmli/.r- is uwell I'liciwn plmiiofn*t on iu j.
Imiilidvrs iin riMKt™. ill j .iv.ill ability ol %jil Mn 1 10 *2L i Jd° M,ZJ

pH but piolnngod u X<ol thu fiulili/cr mr/ luid to urovor<of M.t *c*n fJ 1L Vv

suit depths through uxcuiisiVi*dissolution and I' 1 11 <

Tnb'o 44 Effect of NPK fuilili/»jr nuplic itiu.o on th i chami/ Il ¥fiitact risth . of

0-50 on soil under coconut

Treat- Organic Bray-1P E/h. B/ 1 Fxt.1i
ment pH cail tun (Pprnj K C) Mg
|ppm) (nV- 100 ‘*rue/100
V) 9)
N" 4 88 0 46 76 9 94 1 155 0 79
N, 4 52 0 50 72 4 GO.5 1 05 071
N, 4 38 0 50 67 9 65 4 129 0 52
Pe 4 55 0.49 57 85 8 1 35 0 81
P, 4 52 0 46 65.1 77 8 145 0.63
P.m 4.70 0.48 146 5 62 4 167 0.57
Kn 4 50 0 43 87.3 45 0 163 O 69
K, 4.57 0.50 57.6 90.1 1.55 0.59
4.71 0 52 72 4 90 9 130 0.74
C D (0.05) 0 20 O 06 31 8 15 5 N S N S
SE 0 10 0 03 15 4 75 0 33 0.03

NS: Nol signil icant

The S status of the soil was considerably improved following ammonium
sulphate application. Regular application of ammonium aulphate at the rate of 0 35
kg N per year increased the available S status of the soil two fold The enrichment
had occurred even at very low depths down to 75 cm  Large amounts of se.qui-

oxides inherently present in this acid sail could also have helped in the retention of
sulphate.

Application of superphosphate increased the available P content of the soil

25 fold at the highest level of application. Depthw.se analysis of the sod revealed
P accumulation even at a depth of 75-100 cmfFin 4 i A sol re a-

.mourn, of .e.quioxides, ,h. mobi.i.y o, pT Ill.od d i T
however, revealed that long continued gBB”ggH% 8F §iuperyﬂos>[§ﬂaote Cg oeFmAh%iJnce
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lha mové&rn&fil of P ndu du* Nt f 1J/LrS 'tL
m acid toils In il*i& ifsi-pe*.i tfn= behaviour

<40

of P 1 the soil I* or ll's’
ido sjme ds iiul of b H««// rambiM mu'wed

U during the iiino of ft.riil'/fef app'" anon
mi'jlit also ljo idsporis fjlo for Hir Ib..i Inr.g
i of these anions o dii--.ol.id tm s from
[li't relatively more suturalt-d upper soil
- U0 Id,, i . Tiie opphcai ori of superphosphate
El Ovit 1lix ,tj jri. alio re»duc#d the Gxcharrg
i H ImLN: Y * t of 1bae bo-l flyridiCsjriii*/
(T.iblo 4 41 This «Me< | could L»f perhaps
due 11 the lidiuonc* of Ca proven! in tne
20 J, ritli/~r M1ilm m*n rt-p'.v «-li from t .e
r xc liufirj'* S iiihfc iC | Vijrh u pos-
sibility*- f not 1 1ru'ed x il <* there vwS a
cr s (0 75 *BIZS tondirr. / lathris *'*.r r to
DIPT.. |c~ in r.;j»* ;. . ' jr a of added
sup rpiiosppr !
70 4 2  Effect of suporphospinto
application on sod avail,iblo P

Table 4 5. Cffoet of NPK fortd z* .'<pplic.il.on on S an 1" ;f*rj,f fi o.a L<.fy
in soil (0-50 cm) under coconui (ppm)

Treatment S Fu r.m Z'| Cu
N, 75 0 2: 8 40 4 ' 201 0 80
N. 155 G 31 3 31 3 25 079
N a 186 1 22 6 25 9 2 47 0 £7
P 133 9 27 7 25 4 11 0 87
P 143 9 22.3 33 7 2 59 0 79
Pm 138 9 24 4 34 3 2 £6 0 80
K 1G2 2 24.1 31 0 2t 0 62
K, 143 9 26 8 32 6 2 78 0 £0
K. 110 6 23 6 33 9 2 66 0 £3
CD (0 05) 6j 1 NS y 9 NS ~ rTs*
SE 23 9 34 48 0 22 0 06

The application of muriate of potash increased the avaiiab e K and
organic carbon content of the soil. Fg. 4 3). Tneeff.ct on soil exchangeable was.
however, N dependant as revealed from the sign.firsnl N x K interact n Table 4 6)
Higher rates of ammonium sulphate application led to lower ng of so | exchangeable
K. Tne effect could be due to the removal of K f,0m tne exchange sue by
NH, « aswell as the H - ions generation in the mtnf.cat.on pro”ss Nevertheless

m general, there was a bu,ld-up of exchangeable K ,n plots receding munate of
potash even upto 75-1C0O cm soil depth.
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F~ 43 Effect of .pphcation of muriate of potash on soil available K and
ﬁg.r{i,rj,r»rr, mal IPT

Effect of N x K f#&rtili*or interaction on soil exchangeable K in the

Table 4 6
0-50 cm soill
. Moan
Nitrogen Potash
K K’ K1
y 41 9 125 8 115.1 94 1
64 9 75 3 59.2 66 5
i 69 2 88 3 65.4
Mb in 410 00 1 %09
CD ,0.0j, n Xk 100
rh, . of I»rn. fIHK. I-.M./m, npphn.mon thn ov.uh.li.li.Y of f>
Zn Cu nivl M.-, was not t*. b« *'!«>»L«.")3'It <i»\-->'>»% 4 I"hllfQI ALimi (« content
of ijnil w,s ms nmf: smsll .r.os,,VO '
Nnrnenr Mptak, v))|,, ,ronWl,w of Nfor,..(Tab,* 4.70,
r. . " 'Hr t y J.orm, DIl wilfi inrro .OIIHI nto of KCI np,)h...ition whiln K
+hso,",,'e" » no,we, BBS.CIBS 1hSSO. tI.BIR W9S.1 SIR.Tly inCrC.ISO
Ir .ss.nns rleprasaad ,he folmr | o N gl app,, Bt, 8upfl,phosph«,0  The
T T °1 'nl, wwuld be due ,0 ,ho Inaraas. in Ca con,on, ol tho soil
t Py’ c,. — -.a,.,, .« «
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I 2] il
Table 4.7a  Eflei 1ol luitili/er application on null lent * ijinpiiiillun of 12l 11

Treatment  N( ) I(\) Kr,.) cd( ) M.p " ) Sc.)
N 0 91 0 114 148 0 27b 0 328 0 100
N, 1.07 0 11b 139 § 50 0 352 0 10b
Nt 103 0 11b 119 0 344 0 340 0 104
Py 104 0 112 131 0 2b4 0 330 8 1815
P 1.01 0 118 1 33 0 281 0 339
P, 0 95 0 115 1 42 0 3i4 0 348 0 107
K 0 99 0 117 (J 54 0 30b 0 399 0 103
K& 0 99 0 119 137 0 304 0 322 0 104
K 103 0114 2 15 0 269 0 299 0 106

CD (005) 009 NS 0 91 0 0#0 0 ObO NS

SEM H O 01 0 01 0 15 0 030 0 030 0 013

NS NcM ml-1111t Il fllil

lo notu iht.it superphosphate application ovur hie year, d j noi improve the P uptalre
Perhaps the yield icsponso ot palms receiving tiupcrphocphaiu miyhi bw dm- to
tho increased uptake ot CL rattier than P A similar obser ~.iion ac th.n ot P »an
also be mado ot foliar S level of the palms receiving ammonium | jlphalr lir*:S
pective of the treatments the Cl levels in the foliage //ere /a Il above the crtical
level of 0 5 percent (Tabled 7 b). The nearness of the loca’ion (about 2 kng to

the sea coast would explain tho supply ol adequate ClI to the palms through wind
transport.

Table 4.7b. Effect of NPK application on the nutrient composition of the 14th leaf

of coconut

Treatment  Cl (%) Eg (ppm) Mn (ppm) Zn (ppmj Cu (ppm)
N, 0 61 143 468 21 8 3.9
N, 0.70 142 439 21 2 4 3
nv 0.73 146 538 19 3 5.8
P 0.66 148 505 19.1 4.5
P, 0.72 135 459 23 8 39
P 0 67 148 481 19 4 57
Ku 0 66 136 492 21.5 50
K, 0 69 152 466 21 8 4 4
k3 070 144 488 19 0 4.6

CD (0.05) NS NS NS NS NS

SE 0.05 14.79 39 49 4.9 0.78

NS — Not Significant

Root activity pattern

Efficient management of fertilizers in crop cultivation requires a knowledge of
the distribution of active roots Of ,he planl. An experiment was conducted to study

the pattern of rout activity with mne-year-old coconut palms (var. West Coast Tall)
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growing on ac die laterite soll Phosphorus-32 soil-injection technique was
employed in the study. The experiment was phased over two years during the
monsoon season between August and November. In the first year, the study was
confined to 2 m radial distance from the palm and in tho second year the study
was continued from 2mto 4 m There were altogether fifteen P-32 placement
treatments in the first year experiment being the combinations of five radial distan-
ces: 30 60 100. 150 and 200 cm) and three depths.(30. 60 and 90 cm). In the
second year exp-riment twelve P-32 treatments covering tho combinations of four
lateral distances (200, 250, 300 and 400 cm) and three depths (30, 60 and
90 cm) were included.

The data generated in the first year experiment on the recovery of radio-
activity in the palm indicated that tho absorption of the radio-label was more or
less uniform from various radial distances namely 30, 60,100, 150 and 200 cms
from the palm (Table 4 8) A significant reduction was, however, noticed in the
absorption of P 32 from 30 crn depth at 13. 33 and 71 days after application. The
overall absorption of applied P-32 increased from 32 ppm on the 13th day to
792 cpm'g leif irth e+ en | of the experiment, 71st djy after application. Tho
absorption of P-32 from different soil zones between 2 and 4 m redius around the
palm indicated that it was no: mfluncod by lateral distanco and depth of placement
during The first 33 days (Table 4 9). However, significant differences in the
absorption of rhe applied P 32 were evident at later intervals of sampling, 47 and
63 days after P-32 application. Thus there was a marked decrease in the absorption
of P-32 from 200 and 400 cm distances from the palm Among the threo depths of

lo

30

20

FOOC O oy

0 | n 1 |
Ino Z00 V)0 400 30 no go
| *twna. o, |AffCF frm) | L -J

'g 44 Distribution of active rood of coconut palm in relation to lateral distance
from fhn palm and soil depth
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Il
: : 1. . mitfin °n, ...
placements, tho absorption fiom 90 cm waZ% I'm |Itl‘l« |£1II nt]ul' cI)|H ] A jofjili(*r»
r * |
results, the relative densities ol wlive root 1 f1 A A fli (jrjir portion of
of 4 m radius mound thu palm were walked out (I

e iiid the
the rooi activity (.82 9 per cuntj was found within rin 61 * ]l *r me* 11
palm (1 i'j 4 4j. lliu vertical distribution ol act rJ (] ,f, Jch 'ply
confined to a depth ol 60 cm beyond whir hthe rjui dCI*'*11
h o SIjE] i fExlteest
table 4 8 Absorption <d applied P-32 bycoconut p m 1 dm f g n
soil Julies wiilnii ini iirtjii opto 2 m *a ,1JS*1 ]
lorrned values)
DI , dfti<fP uteri e, 4 71
lre itment 13 33 1.1
Later.il distance («m) ?j o 2 940
30 1442 2519 0.0 7 :370.0)
(27 1) (379 A) 41 2 918
CO 1.398 2 514 (827 C:
(25 0) (320.Q | W79 4 ) 927’
100 1.445 2 427 205"
(27 9) (207.4) (449 1) 1844 3)
150 1.202 2 310 2 * 23 2 775
(15.9) (204 1i (419 3) 555 0}
200 1272 2 219 2 023 2 71b
(187) (165.4) (479 9, <522 5)
C D (0.05) IMS MS us NS
Depth (cm)
30 1.719 2.670 2 895 2 996
(54.4) (468.0) (787.2) (930 7)
60 1 580 2.557 2.857 3 009
(38 0) (360.9) (719.5) (1020 9
90 0 755 1 997 2.518 2 562
(5.6) (99.3) (329 8) 3-j4 5)
CD (0052 0521 0.420 N S 0 2Gi
SE 0.403 0 324 0 256 0 201

Vollios in parcniliDsos d'.noto rclronafcmed valuos
N. S. Nut significant

Method of fertilizer application and spacing

Studies conducted at Pilicode showed that epphcahon of 10 bg N
0.64 kg P;Os and 24 kg K O par tree year in two sol.ts was better than b.ng e
application. The yield increased over a five-year period from 43 5 to ¢c8 3 r.u's per

palm per year. The results obtained ,n another field ,r a] at Kumarakom”ind caied

that annual application of 375 g N, 478a P O_sr&i] Cr?
. : ’ f S ' ’ g =u =an

to application ol the fertilizors In aternate v

1*
B h8 in basins was superigr
r* | * :

u , . 1.T1% s gpa m ImfcLr trAnrhes or by brocd-
cast. In another experiment at Pilicqde with Ba C “

nrr. . : ,
S growing on atenle sail n *'5B

56



Table 4 9. Absorption of applied P-32 by coconut palm (cpm g leaf) from different

soil zones within an area of 2 to 4m radius around the palm (log trans-
formed values)

Days after P-32 application

Treatment 15 33 47 63
Lateral distance (cm)
200 1.776 2 323 2.323 2.366
(59 6) (210 3) (210 3) (232 4)
250 1 350 2 049 2 106 2.180
(70 7) (112.0) (127.6) (151.2)
300 1 589 2 032 2 041 2.036
(38 81 (107.6) (109 8) (108.7)
4Q0 1 395 2 032 1.772 1.989
(24.7) (107 6) (59.0) (97.4)
C D (0 05) MS NS 0.34G 0 281
Depth (cm”
30 1 615 2.197 2 262 2.319
(41 2) (157 4) (182 8) (208 2)
60 1.763 2.193 2,062 2.180
(57 9) (155 8) (115 4) (151.2)
0Q 1 530 1.941 1 854 1.924
(33 0) (37.2i (71.4) (83 8)
CD -005i NS NS 0 300 0 243
A 0.247 0.166 0 205 0.106
" ran rb*' d dirfrmJd >m, | .jltJ'.'S
o T N B

observe ! fyi * hr ,lcu

‘g firtsli/'jf; civr tho

rnliru area and ploughing

app!j r .r id r\ .rr.rub/dn-of 18 rm rudim; nnd 30 cm d pill nroiuul
Nifpi, , s I V] r-i »llmd n[ applying fi*rlib/cr . liii"<jr urn* .Ims
bv 9Ll el X?2pilm rnmlitn birl"™> w»'ll with ill- mol activity p llrrn
of |1 J I

£ r ,, 1 pi/;i..mmi' hMi il pmgr siviik n Irnel to study
tio rU t ‘fio ewi (14 1r, mi lon [tin *imwlli and pr >hi- livity of <nr euml
tr r-l ., f r'ir o m,(i( '"<«m. =71 /[."in mi-l ID 10 m) .in.l
mr. ..t -r Tuwo,n,-.f.f. 1'.-1 riK, r=:nl | fl |l 'l 1-1 > nml O0-1 »In | .0,
O.CR[|,g Il L r, |,1-O 1L i/il 11O fl1dl'm I"r "1 Ll i fjiitt* imli, il- il
til, | eri, Itq.tl ... . Ll )v—I ti- vimes (ToMi-A t1). An
1,r , w DU,y ) , observed high r I*vnl» ol f«rlill**r BppllcBtion
", ,, ril, ro,,.,,r. Il ro..r.*-tvfil Onlt 1" iiil.i 1ti.,.2 [.mvvr-11
mi | r..riiii/.-r tr- rntv,;.t «I*o Sign.firant. Thui. wldur ip" "l [>»Im. than tho*#

sin O-i It '"."M.-n |.] rin'-nJd: | 1jdit-r M f rlin/ ir £ip|'i'r ihon(1.i""0 4.1J)
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lateral distances
Table 4.10. Percentau« foul activity of coconut pulm at diff*iei.t
and depths
Depth (tm)
90
itance (crn) 30 60 5 o
9 4
30 94 (329 9)
(1405 9) (1405 9) ) 3
e 10 / 65 353 8
(1G17 1) (990 8) ( 3 )
100 G9 [ '
(1052 0) (1174 3) (4226;1)
71
150 5.2 244 A
(795 2) (1084 1) ( 3 0 J
200 33 40
(497 0) (019 3) (458 ©)
250 30 34
(461 7) (519 2) (12177)
3C0 2G 23
(401 3) (344.5) (104 2)
11
400 17 16
(253 4) i205 3) (163 3)
Vnluflfl m paronihus** ilunaiu leaf f3-JZ conlent (mea'i ' pmfg Ita)
Table 4.11  Effect of spacing and manuring on tho vyield of ¢coconut cv West
Coast Tall (nuts per palm per year)
Fertilizer level Spacirg
Year CD
M, M, M, s, S. s3 (0 05)
1976 2 24 22 40  42.07 9789 26 25 28 78 7 41
1977 106 36.54 55 37 10 96 34 78 47 25 15.78
1978 0.68 33 64 46 78 11 30 30 73 39 06 11 84
1979 2.13 42.12 69.00 17 03 47 63 46.70 10 60
1980 2.78 41.49 52 63 15 73 37 57 43.CO 6.91
1981 9 41 16 07 52 83 16 18 39 06 43 08 8 49
1982 10.66 52 14 73 94 24 61 55 54 56 58 9 39
1983 6.44 52 54 70 20 24 14 49.38 55 67 8 78
1984 3.42 40 26 42 74 13 96 34.76 37 69 8 56
1985 11.72 70 45 81.19 32 44 61.78 69.14 13 73
Cumulative
yield 107.81 415 85 516.71 106.56  417.70 516 11 73 56
per palm
Table 4.12. Effect uf fertilizer x spacing interaction on the nut yield of coconut cv.
West Coast Tall, Balaramapuram (cumulative yield per palm 1976- 85)
_ Fertilizer level
Spacing
M M, M
Sj(5mx 5m) 13.94 149.12 156 62
Ss(7.5 m x 7.5 m) 121.92 501 92 629 96
S,(10m x 10 m) 187.58 596 51 764 25
CD (0.05) 127 40



Nitrogen deficiency

The coconut seedlings planted in the laterite soils of Vellanikkara occasio-
nally develop foliar yellowing in one or two years after planting. In order to
investigate the cause of the disorder, studies were conducted with field-grown and
oot-grown seedlings during 1979-'80at Vellanikkara.

One-year-old coconut seedlings (var. West Coast Tall) were planted in pits
of one cubic meter spaced at 7 m from each other. The soil was laterite with a
pH of 5 0 and contained 1.0 per cent organic carbon, 7 0 ppm Bray— 1p and 65 ppm
available K The plants received one-third of the full dose of NPK fertilizers in the
first year, two-thirds in the second year and full dose from third year onwards-
(The full dose of N, P and K recommended for an adult coconut palm per year was
O05kg N 0.32 kg PaO, and 12 kg K,0)

Most of the experimental seedlings developed foliar yellowing one year
afrer planting Based on the severity of foliar yellowing, they were grouped into
severely affecred mildly affected and normal (healthy). Yellowing generally started
on the older leaves which s'owly spread to younger leaves In severely affected
plants, the colour ol the older leaves turned bright yellow followed by necrosis of
the leaHe’s from t<p inwards Eventually the lower leaves dried up. Mildy affected
p ants were charac'e' sod by yellowing of older loaves with younger loaves turning
pala green Lear 3Jmp es were colluded separately from three planls belonging
to each c-Jfegory

A pot culture experiment with on** year-old coconut seedlings (var. West
Coasr Tnl j was condacTod to study the nffnct nf NPK fertilizer troatmonts on tho
fohar symptor. i and growth of the seedlings  Fifty five kilograms of air dried and
2 mm siev d la* irrq an | from The ij.no field wgru transferred into concroto pots and
ore seedhrgw-j p mb Jfo eieh pot After two months, each of the following

treatments was randomly mb'fted to four pots

1 AR 100 g ur i (dG per cent N)

2 P 7b g rin?rphosph «u (1Gper cent P O.)

J K 100 g r ir roof potash fQGO per cent K,0)

A Tip. . 100 g ur 14-/ .g aiperphosph itn J 100 p muriate ol potash
0O Control . No fend zm

The fertilizers wi re ipnli 1in four egtr il spins if six month intervals At
tho end of tk**' 'penmentjl p ri .l the roots from each plant and samples from
ever/ I* af of &4f h pi irit -var-; collect-." i for anal/ os

A rompm-on of the fnlior nutrient crimp isiliori nf the three categories of
the field grown phnts ri ime'y eem/ar-ly aff t- I, mildly affected nnd normal
indicated that the* cinconlratiorej of N, P and § m tho leaves r>f severely and mildly
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It waa also observed that the root production was significantly higher in
plants receiving superphosphate (Table 4 14). A perusal of the foliar nutrient com-
position revealed that the absorption of Ca rather than P was comparatively more in
these p'ants, though significant differences in foliar Ca levels were found only
between superphosphate and muriate of potash receiving plants. In order to con-
firm the role of Ca in root production, the data were subjected to correlation analysis-
Interestingly, none of the leaf nutrients except Ca yielded significant correlation

0 5-6*) with root produchbon. This finding is of significance in the inter-
pretat'On of the results of fertilizer trials Perhaps, the often-reported effects of
superphosphate appficar on on coconut growth during pre-bearing stage may be the
effect of Ca or S rather than P contained in the material.

Effect of Sodium chloride

Application of common salt rNaCl) is a common practice by the farmers of
Kerj'a state though the exact role of NaCl in coconut is not well understood. Itis
also believed that application of common salt hastens the disintegration of the hard
substrata {plinth to>of laterite soil the major soil typo of the state. To find out the
effect of long term application of NaCl to coconut palms, an experiment was con-
ducted w rh 24-year-old hybrid coconut palms at Pilicode in 1976. These palms
had been receiving NPK and lime as per the package of practices recommendations
of rhi! Kerala Agricu'tural University till the commencement of experiment. The trial
was laid out in a randomised block designwith sixtreatments and fourreplications
mainfa ning six palm in each plot. Thoroil oftheexperimental site was laterite
with pH 4 9. Th : Treatments p”~r palm per yoar consisted of:

Control

1000 g K,O
750 gK O- 250 g Ma,0
500 gK,0-t500r No O
250 gK.O f 750 g Ma/J

IOO00g Nj,0

@(_ﬂ-bool\)r—r

Potassium was applied n.,, yy.\nnd Mu as NaCl in two splits  All the palms
received 500 g N 320g F,0 .V (X Qr>nnd 1/0 g MgO in two doses. |ho crop
was rim fed and all cultural and rn uvigement operations were followed as por the
recommendations of the Kerala Agricultural University |lie soil end loaf samples
were collected in 1936 in ord«r 7?0 nyMuaTn tin, offer | of rnntinuous application of

NaCl on the soil n well as nri Mm pi mt

When the mein yield was subjected to analysis of c.o variance, the treat-
ments showed significant differences m their influence (Table 4 16) Tho highest
yield 'was recorder! by Tt (BO nuts pnr palm per year) This was closoly followed
by ftand the difference between nnd T( was not significant  The yield of palms

receiving only NaCl was on par with that of control palms

As expected the love! of K and Na in leaves differed significantly by tho
iImposition of the treatments (Table 4 16) The foliar concentration of K in palms
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Table 4 15  Effect ol NaCl on the yield of coconui - A'eH Coavl To

Treatmeni Yield (null* Pstr pa,m Per VedN
K.O NaaO Hfe Post AT jublt ]
(g per palm per year) treatment Treatment mean
1973_'76 1980-"'fch
T 0 0 58 64 75 37 09 72
1. 1000 9) 08 31 92 07 60 64
T. 750 250 58 67 71 32 re e
T4 500 500 59 81 63 30 64 61
T. 250 750 4 07 70 41 63 02
T 0 1000 58 95 6112 75 36
C D (0 On) 10 49

receiving full doso ol K O w llhout Mu O 'v.r# 112 pfif cer' A ‘r " re.ei-
vmg full dose of Na O (without K O). itw .i 0 «0* P r + Af 13?non S b>1tAr-ef]
Kand Na was evident from tho negative correlation bet ve< ' J Na content Of
leaf (-U.5914~*). In general, the palms receiving high le.el it lb r,>'*:]'[ u ,-{y

higher amount of Na in their leaves

Table 4 16 Effect of NcCl on thu leaf nutrient le.el of cc-.or A J.tb* L jejt
Tall

Treatment

(g per palm Nutnenl content o' leaf AA Z"°

per year N P K Na r re'2 oF

KaO : Na,O0

T, 0 0 167 011 062~ 032 078 © © 0'6
T 1000 0 1.38 0 12 1.12 0 25 0 76 0 17 0 80
T 750 250 1.36 0.12 0 94 0 20 0 74 0 14 077
T* 500 500 1.69 0 12 O 86 0 24 072 0 27 0 82
T, 250 750 2 02 012 084 025 0 78 0 14 0 77
TE 0 1000 2 11 0.12 060 025 0 82 0 23 0 79
C D (0.05) - - 0 67 0 02

Among Hie soil chemical properties only ava lab'e K statjs was found to
d ffer significantly (Tablo 4.171 The observation that PH E2 and aggregate
stability of soil aro not adversely affected by the application of rj& end c:-°ts t tat
application of NaCl to a later,te soil of pH 4 9 receiving an annual ramfafi of

3200 mm will not cause any detrimental effect on the ph>s co-ch-m.cal prop-n es
cf the soil.

In order to assess the influence of common salt cn tho qual,:,’ parameters
coconut water and the oil were subjected to various chem.cal analyses (Table 4 18,

The Na content ol coconut water increased With incre3s.ng rates Cf 6pp cat.on o
NaCl. The content of coconut water was sigmf.cantly correlated with Na content
cfcopra (r — 0665 ). The ccpra weight Der rui a'-* r «» nn,

affected by the application of NaCl. It was observed that thelUel* u\ ™ Cal

62



Table 4.17. Influence of NaCl applied to coconut palm on soil chemical properties

Treatment Avail- Avail- Avail- EC
(g per palm able K able Na able Cl PH (mmho
per year) (kg per (kg per (kg per per
K,0 : NaaO palm) palm) palm) cm)
T, 0 0 168 117 95 5.14 0.12
T, 1000 0 623 108 99 5.29 0.12
T, 750 250 497 106 85 5.25 0.11
T, 500 500 469 118 85 5.39 0.10
Ta 230 750 294 121 74 5.39 0.13
T 0 1000 189 131 100 5.40 0.11
C D (0.05) 128 19.89 57.2 0.41 0.04

Mg and CI in copra was not significantly influenced by the treatments. However,
Na content of copra increased with increasing lovel of NaCl applied. The Na
content of copra in T, was 0 018 per cent whereas in it was 0 047 per cent.
The trtatments did not influence the quality of oil

Table 4 18  Effect of NaCl on quality parameters

Treatment Coconut water Copra Oil Nutrient content of copra
(g per weight reco- (per cont)
palm per K Na per very N P K Nu
year) (%> (%) nut (S)
KaO Na,O0 (0)
0 0 0 203 0.048 123.31 56 47 1.573 0.226 0.776 0.027
1000 0 0231 0031 109.19 57 37 1616 0211 0.606 0018
750 250 026i 0034 13475 52 99 1.401 0.190 0.662 0.019
500 500 0 242 0047 131.88 60 47 1.443 0 205 0.768 0 024
250 750 0 247 0048 106 44 54 20 1.494 0221 0.740 0.027
0 1000 0 182 0062 12581 58 48 1.452 0.219 0.673 0.047
CD (0.05) NS 0 013 NS NS NS NS NS 0 013

NS Nor Or-jn ff inr

Another experiment >wns laid nut in 1076 at Pilicndn using newly planted
D x f coconut p»Im; Trio 2 Mtmonts were the fi.inio as ihoso in the above
mentioned experiment with the diff*ren' n tfiat the treatments worn given from tho
date of planting These experimental palrns have not yet reached the steady hear-
ing stage and therefore rhmr yield d it i are not discussed in rnlation |n the treat-
ment; In general, observations on the mnrphrjlogiral (haractnristics nf tho palm
show that partial substitution of K.O by fJg O as NaCl n possible) without affecting
the growth parameters of the pilm (Table 4 Id) Wholher the morphological ex-
pression will reflex t m the yield is to be confirmed from tho datn to ho collected
subsequently The early flowering index nf the palm was rolalivoly high in treat-
ment receiving MiCl as compared to those recmving KCI nlono. Thorn was a

G3



r-lance w 1111 iho mtrodkihrj Ifcut-l

gradual build-up o! Kand N.i in the luavy . m a' } N oA N &S (albO  However
of K or Na HDi.liml Il.It> was inn* fur ihu aval AT 1Q4 , 93 ,1j

the range ot variation in the content ol availab u . A j>,y&ic al connnr»ti
whilo that of available K was from 84-750 kg ha 1 A &0J| Wicre nOl

mmsturo retention characteristics and aggregate Sa)

adversuly affected by the application of fjaCl

nutrient content of Dwarf x Tall
Table 4 19. Lffact ol NaCl on growth and le.il

palms

| reatmunt No of Lim VIV T.irl / Luirient CONtlFit of  HcUT

ul Iur lunvus produ- M o w (PeritnD

palm per on tlm ced ormg f] P Y cl

year) palm (1976 - index

KO : NnhO 1985)

0 0 15 30 73 86 1.00 > 05 o0 19 095 o021 0 60
1000 0 17 21 73 -3 1 94 207 o0 13 18f o0.15 0 72
750 250 13.23 78.25 2 58 216 o0 17 152 o0 18 077
500 500 18.43 79.29 2.33 192 0 17 1.31 0.21 0.73
250 750 18 16 72.73 2.63 201 o015 120 023 o0 67

0 1000 17.48 77 46 2 38 180 o016 050 0 41 0 67
C D (0 05) 2.84 10 60 173 O O 0027 0.293 0 055 0 07cC

Factors affooting nutrition

Cultivation of high yielding varieties and hybrids is be rg p puhrfcfd f
rccont years in abid to boost up coconut production. Not much .Viedion h s
been, however, given to tho probable differences in them fert | zer r ga mmc.nl
Studies conductod m tins lineal Pilicodc have clearly indicated d-ffcrent ci uptime of
nutnonts by different varieties and hybrids (Table 4 20) Tun p pu ar var erlics
hybrids namoly Lakshadweep Ordinary, Philippines, Cochin Chini J®*a, West
Coast Tall, Gannabondam, Chowghnt Dwarf Green, La Piiuweep OrdiTmy x
Gangabondam, West Coast Tall x Gangabondam and Natural Cross D.vsrf (D>Tj
were compared to eximino tlu roPihvu absorption o' nutrr vs s shown by
foliar and soil analysis. These palms v/;re in the age group of 35 to 50
years and wero receiving uniform fertilizer dosas annually. It wai obiarved thet
barring the levels of Na, Ca and Cu concentrations of all the other nutrients m die

loaves varied significantly among the varieties hybrids. West Coa*t Tml. G&nga-
bondarn. Natural Cross Dwarf, Lakshadweep Ordinary and Philtppin*i were found

to be more efficient than others in the absorption of soil N We t Co 'Sl Tall was
a so found to accumulate more P in the leaf compared to oih*rs The varipfes such
03 Cochin China, Philippines, Lakshadweep Ordinary. West Coast Tall G-""=.bonda«n
and Natural Cross Dwarf contained relatively more K in their leaves then ethers In
generalL variety Java seemed to have the lowest concent,,,.ons of N. P and K .n the
leaf Gangabondam accumulated large quantities of Mg in the leaf W-Q cCnasl

Lonientoi lall x Gangabondam was found to be me
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An * 3 o' Cochin China was the highest. The highest concentration of
Mn 527 a S observed in Lakshadweep Ordinary x Gangabondam palms os
ag rst al-velof “8” ppm .n Fh lippinas

T .e 4 20. Nutn'eni concentrations in the leaves of coconut genotypes

N P K Mg S Fe Mn
Gvno’yoe ( ) ro) (°0) ro) (§) (ppm) (ppm)
La:cadiv« Orim .r/ 1 34 0 111 1.36 0 272 0.102 378 259
Pm upo res 1 23 0 113 137 0 245 0 094 326 181
C~r . _ Chur.j 1.14 0 111 146 0 234 0.078 455 235
Java 1.03 0 107 0.85 0.216 0 084 414 287
Laccadive Ordinary X
Girg,jond* i 1.03 0114 1.00 0 230 0.100 366 521
Tall x Gangabondam 1.19 0 117 1.09 0 302 0.132 293 323
Ganj ibor.dam 143 0 119 1.39 0.326 0 086 301 248
Natural Crosi Dwarf 1 36 0 114 1.19 0 310 0 142 272 265
Chowghat Dwarf Grean 1.03 0.120 1.07 0 272 0 154 386 256
West Censt Tal 141 0.133 1.25 0.198 0 172 349 348
C D (0 05) 0 282 0 013 0 369 0 071 0.024 124 1 93.8

The pa’*ern of seasonal variations in the concentrations of macro and micro
niTr ants in tn-j palms d d not d ffer markedly Nitrogen content of the loaf doclined
w.rh the onset of nmnsooi and increase 1following the application of fertilizers in
SeDtember fF.g. 4 5¢g Heavy leaching of soil N during the rainy months of Juno
to October muit bj raapons b’e for tho reduced uptake of soil N by tho palms. Il is
also imoorf mt to no*e that the N consent of lha leaf isvery low irrespective of the
genotype and that at no other time during the vyear, did it npproach
the cr heal lev* of 18 per cent Perhaps foliar yellowing commonly
encountered in p*lms grown along the West Coast of Korala may bo due to N
deficiency Unlike N, there was a steady absorption of K by tfie palm with the
onset of monsoon which declined, however, m December With the fall in K fovol.
the absorption of cal urn and Mg mcreasod. atrend which can bo attributed to tho
antagonism among these mono and divalont cations A slight improvement in P
content and ,i drop in Sh/el of the fohage wore observed during rainy season. Tho

foliar levels of Cu and Mn d j not vir/ much with season, howovor. a slight decroaso
in Fg concentration was noticed

As in the case of foliar nutrients, the chemical characteristics nf soil hanms,
except for available P and fJa /wore alsoinfluenced by the variety hybrids (Table
4 ?1) The soil pH ranged from 4 38 for Chowghat Dwrwf Green tub 24 for Natural
Cross Dwarf The Iowest organic milter content, f) b per cent was fuiind in
the soil basin of Javaas against 12rJ pr cent In the case of Ganga-
bondam These variation* cannot be considered as inherent to the soil
Instead, prolonged growth of tne palm rnigtif have altered the soil environment
to varying degrees Probably, genetic variation in the number and distribution
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patterns of roots and natural root exudates as well as the rate !'of degeneration
and reganera’ian of roots might have been responsible for these obsorved changes
in the roGt zone soil characteristics. Heavy build-up of available P and K were
noticed in the soil basins following regular application of superphosphate and
muriate of potash to these palms Tnese results do indicate the possibility of
skipping of P and K fertilizers in laterite soil for certain period. The lowest
content of exchangeable Ca /.as observed in th9 soil basins of the variety Java.

Tab'e 4 21. Y ed and chemical characteristics of soil basins of coconut genotypes

Yie'a" pH Orga- Avail- Avail- Avail- Exch-
(ruts nic able able able angeable
Genotype per carbon P K Na Ca
palm (per  (ppm,  (ppm) (ppm)  (ppm)
per year) cent)
Lacc idiva Or- nry 101 O 5 07 0.7 1 99.5 465 13 8 512
Pl 76.2 5 20 104 58.5 335 13 6 542
Cochin Ch ni 79 0 4 80 074 93.7 513 190 508
Java 65 6 4, 8 0.50 Gl1.5 272 12 4 314
LaccMd .. Qr i r/ X
Gang.ll 109 8 4.73 0 32 76.6 376 15.0 348
Ta ' G, jj rV'iv’i 92 4 q°3 0 80 33.7 262 16 4 363
GiI"Q i 46 or9 I 20 112.2 470 16 2 524
Nit r Cr-iij o - 120 0 524 160 106 5 269 17 0O 540
Ch jhl "D f ' o'n 715 d 38 169 87 2 284 1G8 474
VYe*si C .*.. 7 f 63 7 4 59 0 04 101 7 333 15 4 441
CD 't$> 0 20 0 20 fi S 19 ns 150
* V. n ryr < U Rp LMt ne
Soil S'i f! n and M'riont avail.-Liility
r 1 ;,r o Triri ¢ / .11 ur d-u ®onditi mis Nf pour noil dr.iin.Tjo
Das'jitl ths Ir N , J l1er '"jii n, fjrown nn bunds in low-lying ii. fir* is
end !'vj l [ » ’ t 'S51er r ih w11 fre 1u | n.ti'n j fe»r r.i)ir iileln »ry is a
con-nem p 1° n 1 1Db ter J rr 1V ( iiHpvi'dy |I»*vml,,d diifng hruivy i ewua
jn ih< rnc . j ,r. ¥ \/in o t-' r* ly | Zele h r INnur iew fivO m mibi rg >it»ng
from M S Ini*r T ... dp r* '..vin»? w bu inundation .duo lal-rs
pl., , f , ) (ti, W* 1 "™1Hint in TiMmi .in s. V. r
rrt.i/ h 'ru | ; 11 It 9 <m h dp-.v1Ul S.flfrten fil M* | Hinilldd M IldMind* » 'l
jn eij r in ", In ' 'i#s 1 »f .Ib iv= Ih*» v/iils*r In Il 1™ iiimiu or I*ss
situr a Ir. I a rduM« i unil<yP.n
r,jrl | tnJi*iifes //"re colin p>1fr rn tvnl » ilion- vi/ , Chemapcln ri
and f I "U Jm of K"i d I mieiAt <r ib» inm, it w is pus thin |.I nht.un nd|

wuliand uh -m  buslre«1r'<i FOr coir- m rv ~ tho nbbr?viftigne 11t and
M»11: will b" i, 1liri fhrin d .igiMtM hu  railing .mrl nnri hush rutting nrrns



respectively  Coco* \CXO Jljva' 3 * 5 < s Li-Jj

height with two i | "*¥5n | J.vi i lj te
tfofrt 15 44 <1 ljpdf a4i-jTdleis Iryi>p td L j- we
31 fljrh lu ilion Tha j s§ij i 1) t /o * trn 1
to me |l ,L rciury in i ic, «d p .dth*Vv»* > ' i4f .
measurement > /if v/ ntji jioiert gf rroo* p>b>
ajl jlor rr 1 <j*ai hs h ,jmjn j 1lle ijs=2J" .

N OM  11i%<i »n*T * tjiiel: bfhjhT it p - 1o Li#da>"r af-
t iSJ, " 'udl . e*an* <jion ffiOIfij *  i-.fr . h*rr H; t -R

of in* i»vo I''cations wls inj jlext m gti . fjb# - & f° | Hei /s me
liboretory 8nd ‘'.ode 1 for lhr—months  1-lecU‘Cel condu * . a
P.,nl = .! bl(? S Z : Tore. . i * rj\U:v inr~cj -

So;la §* both  h>cation? were highly *ahnr-and ;% J e ? |t

30/- . The 3Q.U .-3, iiear ,\\ , jrjpbe <ioj oflan: 8 hif --Old
m3 -*a* meglieT lii'jil a -tiJi.j b.’O _iin *0 se S3. 5 i3 . 1 ¢cjQ
very high probjh’ pe * J/ery j*j.v pA Compered to Fa exd' sn”e » fe it *iS
was very less Excess vs soJmity coupled /. 'n appreciable quir 1 Srr;e
and relatively Ili gher content of V jth ‘“>Cirnr/ be due :j§ I"A - *on

in those areas (Table 4 12)

Table 4 22  Physico-chemical characteristics of t aar-dc a> a

Lg:,lic"
Soil property Cnernan- Cneman- Edi-.-ad. E: > dj
chen ;i) chen (d) Vi (D)
Sand ' ) 79.30 32 70 to 10 55 4Q
Silt (X) 13 37 8 00 22.70 -5 30
Clay (%) 5 20 3 CO 14 70 22 23
pH (12 5) 3 50 3 60 4 60 4 23
EC (mmho cm) 6 50 6 03 9 60 8 "0
Eh (mV) 240 00 320 03 278 00 285 00
Organic Carbon (n ) 115 0 77 129 T 4y
Bray-1 P ippm) 9 eo 27 50 19 30 19 36
Ex.K (pprr.) 21800 275 00 354.00 Jo% -
Ex Ca (me 103 Q) 4 19 3.5"* 4 .78 4 01
Ex.Mg (me 100 g1 6.63 4 84 10 77 9 S3
Ex Fe (ppm) 28 10 43 60 55 20 7 40
Ex Mn (ppm) 180 133 4 60 2 20
Av.S (ppm) 1080 00 444 00 828 00 1212 03

a Nan-husk reimg area (\HR)

-X Exchangeafc!-
b. Husk-reninj area (HR) d

1 »2ilab,e
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In situ measurement of Eh at the root zone ot coconut palms revealed
that the radox potential was hgher in places where retting or husk * as prc .t jsd.
It ranged from 133 to 499 mV in HR areas as compared to-111 m'/ to 174 mV in
NHR areas. The H.S evolved during the anaerobic husk retting process may be
reiDons'ble for raising the Eh by precipitating Fe* " formed in the soil as FeS.

Studies on the changes in soil characteristics aro relevant because alternats
dry and flooded conditions exist in many areas The data relating to the dynamics
of nutrient elements and other soil characteristics upon flooding of soils from
HR and NHR areas are given in Table 4.23 The soils from husk-retting areas
/lere initially having a lower pH than the soils from adjoining NHR areas. Pre-
sumably. increased acidity upon air-drying of the soil could be due to the oxida-
tion of iron sulph'des leading to the formation of H2S04. This observation also
corroborates with the highm in sitti redox potential of soils in the HR fields. The
lower tha in tial pH of the soil, loss was the incroaso in pH upon flooding. Thus
the pH increased from 3 26 to 3 65 in the HR soil from Chomancheri as against a
pH rise to 6 0 in the case of NHR soil from Edakkadu. The pH of the soils, in
general, mcreaied duong 5 to 10 days of flooding, thereafter it decreased. A
slight increase was noticed at 90 days of flooding. Redox potentials of the soils
decreased following submergence and attained minimum levels m 5 10 20 days.
Flooding for longer peuods tended to increase the Eh. Tho rate of decrease
in Eh was faster in NHR soils as compared to HR anils.

Increase m electrical econductivity occurred soon after flooding the sods
and reached peak values in about five flays Thoroaltcr, there was a dccreaso at
ten day3 of flooding Beyond ten days, the EC increased and maintained the
original lev* The pattern of change in EC was similar irrespective of Tho type of
location  However, the electrical conductivity was found to be comparatively less
in soils from HR era s

Flooding the soils increased the concentrations of extractable FoJ"
(Table 4 23) Tho release of Fo2* in noils of HR areas was comparatively lower
than that in NHR sa |. Extractable FeJ* increased exponentially with decrease
in Eh It jnrrlrd it a On fold increase in Fed f occurred wiih nn Eli drop of
every 233 mV The V value for tins relationship was — 0 944** accounting for a
variation r<& 89 p*r™ r Ar/ high concentration of Fc 1 (of tho order of 500 to
3025 ppirg a’fairi ihl « in the .a soils upon flooding may lead to iron toxicity m
coconut pjtn i Comp irolto = =, the release of Mid * from the soils following
3ubmerg”nro wis v ry loss Hie flata did r-or reveal any apparent different ns in the
tr insform iimn In Mn hot//eon HR and NHR soils

jMbmergnnou ef soils o suited m the increase of availahl" f1 Reduction
of fern  pllo3plljfri and phosphate compounds co precipitated with iron oxide to
rhe more soluble ferrous form was attributed to the release of P in submerged soils.
F'tractable 10, - incrc-ised in Mended soils during Him initinl stages This mcrnaso
wag fllmrijt tvir,< H \ or gina! sulpham status of the soils The finrnlion of
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Nutriant deficiency diagnosis
Standard sation of leaf tissue fcr foliar diagnosis of N, P and K in relation

to yield was carried out in cosonut pa!ms (West Coast T3ll)of tho NPK fertilizer trial at
the Coconu* Research Station, Balaramapuram. For this purpose, samples of loaf
lamina werg drawn soparately from all the leaves of the experimental palms and
analysed chemically

The N content of leaf increased with increasing aga of the leaf till leaf
number 5 and thereafter steadily declined whereas the content of P and Kcontinuo-
usly decreaied with increasing ag of tho loaf (Table 4.25).

Tible 4 25 D str.hution of N P ami K (por cent) in difforent leaf ranks in rolation
to level of nutrient applied

L* sf Nitrogen Phosphorus Potassium
position” N, N n? Po P, Pa K. K| K,
1 1 20 199 1 98 0. 6 0 15 0.18 1.14 2 24 2 54
2 1 58 1 94 2 01 0. 5 0.15 0.17 075 2 10 2 38
3 1.54 199 2 05 0 5 0 15 0 17 0 57 1.37 2 24
4 1 68 2 19 2 23 0 6 0.15 0 18 0 44 1.68 2 04
5 1 85 2 21 2 11 0 7 0.15 0.1G 0 35 1.53 192
6 193 2 37 2.22 0. 5 0 15 0 18 0.36 1.19 1.79
7 1.79 2 22 2.42 0. 5 0 15 0 18 0 32 1.30 163
8 1 84 2 19 2 67 0 4 0 15 0.13 o o 1.23 1 65
9 179 2 03 2 24 0. 5 0.14 0 17 0 28 1.19 1 61
10 191 2 15 2 12 0 5 0 14 0 17 0.28 1.15 1.57
11 1 83 2 19 2 05 0. G 0.14 0,16 0 28 1.09 1.55
12 177 2 13 1 86 0 8 0 14 017 0 23 0 98 1.45
13 1.95 2 19 2 12 0 5 0 13 0 16 0 23 0 93 1.44
14 143 2.04 193 0 6 0 14 0 16 0 25 0 86 1.37
15 | 51 2 03 1 04 0. 4 0.13 0 17 0 26 0.86 1.23
16 151 2 19 2 03 0. 4 0 14 0.16 — 0.81 1.19
17 1 63 2 10 196 0 4 0 12 0 15 — 0.75 1 15
18 168 19 790 0. 4 O 13 0 15 0 70 1 10
19 176 105 101 0 3 0ou 0 15 — 0 65 1.05
20 1r8 1 04 1 80 0 4 0 13 0 14 0 64 105
21 156 1 07 1 80 0 0 0 12 0 13 061 0093
22 1 32 181 17/ 0 7 n 13 0 13 0 611 0 9?
23 140 1.37 i 89 0o £ o1t o011 06/ 0 93
24 141 173 1'7 ) 4 9 12 0 14 052 0 91
26 170 159 1 60 0 4 O11 1 11 0 52 0 83
26 192 1 Ol 1 90 0 7 O 17 N 17 041 0 H1
71 1 18 170 1 bo o / 0 13 O 17 0 44 077
23 12\ 151 1 1) O 4 0 to O.1? — 0 35 0.75
29 1 40 140 169 0 1 0 10 O.1.] . 0 32 071
30 126 193 106 0o 9 000 O 12 0 4() 0 72

M inrfing frm 2111 h 1hill/ .n Il aftall
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Another stud/ was undertaken to standardise the fo’iar diagnostic technique
In coconut palm and to work out regression models for pred cting the yield based
on fonar nut" ent contents The pa ms were selected from three different zones of
Kerala sta’e namely, the Coconut Research Station, Balaramapuram. the Agricultural
Research Station Mannjthy and the Regional Agricultural Research Station,
Pilicode The leaf samples drawn from leaf positions 2, 10 and 14 from each palm
weraanal/sed for N. P K Ca, Mg and Na. Attempts were made to standardise
the leaf position and nutrient status which will best reflect the vyield as well as
the critical levels of the nutrients in the index leaf.

The observations revealed that application of N. P and Kresulted in an
increase in the content of these nutrients in the 2nd, 10th and 14th leaves. The
number of leaves retained by the palm was mainly a function of potassium applied.
The highest correlation of 0 710** was registered for the leaf position 10 The
number of leaves returned was also significantly correlated with yield (r=0.735%*").

The y eld of the palms was significantly correlated with nitrogen content
of 2nd -Orb and I4jh leaves, the highest coefficient of partial correlation being
registered by the 1Q*h leaf (r 0 493**) The partial correlation coefficients
between y eld and phusphorus content of leaf lamina of the three leaf positions
were not s gndicant The coefficient of partial correlation between vyield and
potass’'um cor tents of 2nd and 10th leaves were signif.cant, the highest values of
0 432* * being recorded by the 10th leaf On the other hand, the contents of calcium,
magnesium and sodium in the leaf lamina show'ed significant correlation with vyield
only in the case of the leaf position 14 (Table 4 27a and 4 27Db).

Table 4 27a  Coefficients of correlation between yield ond NPK content of the
leef lamma in relation to leaf position

Leaf No of Coefficient of correlation (r)

posi- Location pairs (nj N P K

tion

2nd  Balar inmpuram 214 0 315"* 0 031 0.319*"
Mannuthy 60 0 334*" 0 083 0 223
Pihcode 60 0,402* * 0 213 0 842"
Pooler! 334 0.475"" -0 164" 0 355*"

10th Bnlaramapurarn 102 0 fj 11" 002/ 0 191**
Mannufhy 60 0 488* * 0 145 0 215
Pilicode 60 0.369* " 0 103 0 563**
Pooled 312 0 518"* 0199*" o &°'°

14th Balaramapuram 16J 0.366* 0.009 0.172*
Mannuthy 60 0 071 0 036 0 270
Pilicodo 60 0 366 0 014 0 185
Pooled 283 0 338** 0205** 0 223**

 Significant nr 5 p» c*nt

Significant ni  1p*Y
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_ o I -..on viblrl arnd (’n. iir.rj Na
Table 4 27b Coolti. rents ol lo.iolanon bu* v f

content ol the I--1 in mlatio" to lout posim-u
Codllitieois ol coiihl.ii.on lij
Leaf | Jo. of Mg U
posi- Location pairs (n) Ca
tion .
’ | 103 O 22t>*
onu  ti.ilaitimripiif.im 1A 0 100 { . e
Mannuthy n<J O 270 0 09; 0 058
P1Y Ihim i 0 0 000™* b S o1s
Puolud ida u008-" (1 (reo 0 912
1011 [LiLimim »|»ur,im | s 0 000 (O) 828; 0 022
Miiniuitliy (.0 o On3 0 2ou ) 1or
Pilu no — 0 2AH 0 o
Pooled 312 0 007 0 130* -
11to  B;ilwnm<ipur.im 103 0.27V* 0263*
Miinnuthy GO 0.170 0 191 0 092
Pilicode €o) --0.2G2 0 143 0 056.
Pooled 283 0.28b** 0 0CQ 0 215

e Sijni’j nnt .it5imcm <vcl
SI1Qn 111Utjf11 -ii | |351 cmil I»u»jl

Nutrient distribution pattern in tho crown
A comparison ol nutrient distribution in the crown of heathy and root

(wilt) diseased palms w-.s rrrie i< another smd, n.. con:enlrat»on of N mr reased
from the first (from thump, to -he fourth h-.if nod then mum'aincd a steady level
upto 15th leaf beyond which there ‘vas a gradual decrease <n - r A (wilt) disea-

sed palm (Fig.4 6) .Almost similar patternwas seen inhealthy pa.ms alsoNeverthe-

less the N content of healthy leaves was como iritively muchlower than | rat of diseased
palms especially in the upp'-r 16 fronds In the case of phosphorus, the concentra-
tion increased initially unto 4th frond in the diseased palms and decreased gradually
thereafter. Tho health/palms showed .jgr idual djcrease in P content Irgm first
to the last frond. In younger Ileaves upto 10th fronJ, tho concpc ration of P was
higher in the diseased palms than in healthy ones r~vo~d *' n Lai the coi cent-
ration of P in tho diseased palms war, nun dirt of th- heahhy paims In both
healthy and diseased pa'ms mere was a gradual decrease in four K level with incr-

easing age of the leaves A, in the case of N. the K level of the healthy fronds
was relatively less than that ol tne diseased ones.

A gradual increis >in the concentrati in of tohcr Ca wrs ooserie”™ w-in ir»cr-
easing age of the fronJ in boti hnlih / m i diseased palms (Fm 4 7) Calcium levels

were higher in dise?sad palms upto the first twelve ranks compared to ihd he-dlhy
ones. However, it was less than in the healthy pain,s beyond 14th leal V.jjjr*-
sium levels in the foliage decreased steadily v,th mcreas ng rank of the 'ea? Tne

diseased palms registered a Ivgher Mg cont9nt n all tne leaves than healthy pa;rmns
In the case ol S. tho concentration increased upto the 8th frond beyond which there
was not much dif'e'ence in healthy oalms. Evemhough a similar trend was seen .n
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the diseased palm also, a decrease in levels occurred in leaves beyond the 20th rank.
Upto this rank, the concentration of S was higher in the diseased palms than in the

healthy palms.

Iron, levels did not change much with the age of the leaves (Fig.48) The con-
centration of Fe was more in the leaves of the diseased palms. The manganese concen-
tration remained the same upto 10th leaf and increased thereafter upto 16th leal in
the healthy palms. Beyond 16th leaf, Mn levels remained almost constant. In the
diseased palms. Mn levels were higher than in healthy palms. However, the pattern

of distribution of Mn was almost the same upto 20lh frond; thereafter, there was an
increase in the older leaves

Generally, the diseased palms registered a higher level of nutrients in their
foliage than the healthy ones eyxept for P and Ca. In these two cases, the foliar
levels were less than that of the healthy palms in the older leaves beyond the 12th
frond. Another observation was that for most of the nutrients, the differences in
levels were much more conspicuous in the younger leaves than in the older leaves
In fact, the differences in nutrient levels between healthy and the diseased palms
were absent for P, S and Ca if tho nutrient composition of the 14th leaf was consid-
ered for comparison  The differences in nutrient levels were much moro pronounced
if leaf rank* 4 to 6 were considered for comparison This indicates that the generally

0 I} g :i {0] 20 " 1
It ; AVK n (sOQTWILTA
HfVIMr o

Fig 4 8 Distribution of To and Mr in the leaves of healthy and diseased palms.
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accepted procedure ol sampling thu 14th leal tor nuin» “J aU\ UJ{I\ (will)
not hold good it coinpanson is iu by made Uiwuu" BUItilble
affected palms. For this purpusa, younger lau.oH |-
iIn the coconut crojj
Tho distribution patterns ol several nutncmts s ha(|] Ca,S and
indicate that N. P. K and Mg are relatively more mobile " ' ' tj tO(fTIB| [iutn.

Mn. Perhaps, tins may be hie reason lor the decrease o -
ents with the agu uf the leaves

Proposed uiehn.guu for nutrient deficiency diagnosis dis,tm,)L,.slifed

The obsontial mineral initneni elements in coconut « nature of
into two groups b*oilon the yield response to llie applied le"i i/eis an
the rol.itionships btitwuini loliar niilnent level nod yield ol nutsand 01 o op

GROUP |
group N

FOLIAR NUTRIENT LEVEL-
A-critical level. B- level below which visual deficiency symptoras
appear. Regions 1, 2 and 3 represent foliar levels associated w«b
sufficiency, latent deficiency and visual deficiency symptoms respectively.

Fig 4.9. The relationships of foliar nutrient concentrations with yield
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Group-1 nutrient elements which are directly involved in coconut production include
N, K and Cl while Group-Il nutnent3which adversely affect the palm yield only
when their levels in the leaf are too low for the satisfactory growth, comprise P, Ca,
Mg. S and probably the micronutrients as well. It is proposed that chemical diag-
nosis and correct on of deficiencies based on foliar critical levels are effective only
in the case of Group-1 nutrients while visual diagnosis is the most practical approach
in the detection of deficiencies of Group-ll nutrients. Routine Ileaf analysis for the
diagnosis of 'atent deficiencies of N, K and Cl and correction of their deficiencies
based on foliar critical levels has been recommended for sustained yield in coconut
gardens  Regular monitoring of the foliar levels, of Group-ll nutrients is not
recommended. The leaf analyses in this case, will be helpful only to confirm the
visual deficiency symptom* of the suspected nutrient.

Soil testing

Eventhough chemical analysis of soil has been recognised as a means of
detecting deficiencies or toxicdies of nutrient elements, not much attention has been
given in this area to develop soil test methods suitable for coconut gardens. Slow
progress in the development of soil tests may be mainly duo to tho laborious naturo
of soil te3t--yield cj ibration studies with a perennial tree crop like coconut.

In view of its importance, studies were conducted at the College of Horti-
culture, Vellan.kkan to relate nutrient concentrations in various soil zones of
coconut rh'zosphere with that of the foliar nutrient concentrations. Among the avai-
lable i orients studied namely, P. K Co. Mg. S Fo. Mn. Zn and Cm, significant
corre'a* gns were obtained only for K Available K content (ammonium acetate
extract) of 0 25 cm soil depth was positive'/ correlated with K content of 6th leaf
(r O p57** aili 1z.., fc.u'-r 0694"'). The cnrm1>l:on cuuificionts were 0 304**
and 0 715*", respectively, for tho 6th and 14th fronds when 50-70 cm soil core was
consi | r*d Available K rnnVjfit of 75-100 cm depth also yiolded positive corre-
lation! of 0 61 1*" end 0.731 ** with the K levels of the Rth and 14th Ileaves, respec-
tively The correlations between available K content of 25-50 cm and 0-50 cm soil
depths md foliar Y In/e . were however, not significant.

fh .solli ¢ V* c ifi itr itions wore also correlated with yield of nuts
(Tdb.v 128) Here ng an, the ae! test valm-s fur 0 50 cm soil depth were not
corro'arr d with yiell lumber « .,0 ICG- od adh, eeImnge.abln Kwns positively
rorrel p. IlwUu.i’ | i iiatii*i.»of 29-50 em d ififll av el iljlo Fe amlav.n
lable CuqgavepT tive enrr* itmri ,vdh vyield fxch imjenhin K and available / n
conl»jrd of tie*x 50-75 tm so 1d ir## vrn nnsaiv :/ rairrelatod withyield whereas,

in th *'«so of 74-1 0ff i m soil d 'th only e* lunfinnldn I' sleiwed Mgnifnanl rola

fKinship with yield The r ailn mdi ifn fh a .eneceimn ,enl ife ntre«tan! is
suitable for o/ iln iting the avnl *b; » K sfiru if tin m end sad basins Min data
.Tso suggest tlid ta*ing O >0rti sai 1 i'idiblo Ktads mca omllg Kdm1 may
not g»ve reliable inf dm deanniitoi tIK */u i>lt/?aMa iribn Instead soil samp

Ins from 0 25 cm d**|dl» or from deeper |i/ors hnilnw 50 mu would ho morn approp-
rida and allljj| ?f»xfn faip) jf. Iv*ntiji|i0-2i(a selllyor does not support
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ficlivo roots, QOod v.Ofrelii or ...n eebieinfc i bt'/.ffe v Im | r f r Ifc *

foliar K val and yield Perhapi H n iyo f 1*n f 1
BUrfac* layer imyhl hn influbii.mj i.iv. r cucnn ™ ' J\V e 1 «

Table 4 28 Con»iuiioi ( 1 jJ b U sim o S |
Soil 5]J:|_'|_&&*Tp|ir J o’|pin ' l»@q
| har.ii lerinl>ft

o @ 0 26 25 ff. 00 >5 /6 100

Orijjrii carbon 0O dUi* 0 065 6" 656* 0 266 0 845"
Bray 1p 0 10) 0 113 0 051 0 230 0 165
Exch K 0 093 (i 500* 0 216 0t 20" 0.71 7'
Exch Ca 0 068 0 385 0 166 6" 1c4 0 667
Fx- h My, 0 033 0 375 0 128 0 000 0 106
Available S 0057 0 122 0 122 O 1:5 0 269
Available Fa on;! 01 73 0 502- 0-29 0 004
Available Mn 0 087 0.096 0 122 0 222 0 166
Available Zn -0 207 0.390 -0 024 6 6j - 0 151
Available Cu 0 031 0 246 0.547 0 126 0 241

1 Signified t ai 5 per com Ib.€

Significant nt 1 per corn |.vel

df 14

The available Fq and Cu contents in the 50-75 cm dep’h were a'so corre-
lated with yield Howal/er, the trends in the relationship! of tnose nyr enti in
other soil depths were not as consistent as that obtained for K

A sinking influence of the organic carbon content oi 0-50, 25 50 and
75-100 cm soil depths on yield was observed As the palms were not receiving
organic matter applications, the changes which had occurred could be mainly due

to the rate of addition of organic matter through degenerat.on o< roots as well as
root exudates over a long period
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CHAPTER 5

Agrometeorology of Coconut

G S L H V. Prasada Rao

Coconut is grown « the low and nvd land regions of Kerala under rainfed
condtHons To augh tha Vate is onjo wed with plentiful rainfall (1479 mm at Paras-
sala in rhe aouch to 3562 mm at Hosiurg m the norili). the crap is affected by a
prolong-j drought from Jjnuary to May. This is part culnrly true of the northern
d.vncts of Cam ancre '*d KjSiranod where a dryspell pn.vjilsfrom November
Mrough M i/  Tp 5 ~d-/ersely affects cropgro.vth an i product on Itis due to tfiis
reason rh if r production per unit urea isles -in the north rn puts of Kerala when
compared with that of the sauthern d stricts whore the rainfa |is evenly distributed
Bemg a coast | star*:-, th »surface air ».omo-?rafuru is m:m; uniform throughout the

year the m.i .n"jv  t“mparature Mumg 27 C Surface tempvrjturo. tilerafore.
doM; not mh j ' p yi --M an Jproduction Thu w <jtn r fi t m Ilike low' solar
raiiario i h pi rs. *-a ham dd/* lug i ram1lH an J .lou iin s» and low ev.ipotran-
spirit rjj- g ton .rj)'J’T.v”~ t monsoon torjoth.-r with the soil mo'siuro deficit

dur.n itn* Jon r imp.-r nut production to arjro it fxtunt.

Weather parameter , nnd nut yield

Mt , X/ | T ids -V *Co.i .tTid pilm pl-jntud m 1922 under rainfed
COnditio* 51 a O ;rt'V- ~ 1 r\:I [ trirultijr.il R-iTur :h Strtio Pilicod» WHS
g gr,ri fr->n| i'j-jrj 7.5 X1JIM corr i.pat hot 7cm tin noisonal rainfall and

th-j yiu'd of thrt*1J | > o /[ eir. -vii ewur*.'id uur (lall™*? h 1)

la* V i']j \= Tu rril* r roid .»jr%yi "Id wis po it vrly cctr*hied
wi*th O I',erii Ajr.l  rninfi'vh I- it ni*x ii'U-n/"'ly .;mi-dit. | with Jun.- to
AuquSl i1 urif 111 lhv, 1 JI1./.1 th..t Mm Vi, il MUM, mil ron pm ntly
m rrejril Sir r.r.nltv i**’ nnd pm mm.wm -kimh « and high rimfall
djrni 11, >)i oW eUrnoiiu "'"Hiil ilmr . 1Y iff-" »m Hms-nnd yeir\ yi«Id
of co jonijt fh *djrioinit /. ¢ f firth." sh.wd Hiit H-* maximum mil vyield

(70 hum n-*r pilm) wur »rdl m |'tlJ nnd tim mimmum (lhimis p. r palm) in
1951 Tn# high yield in 1949 could b« itfribulod to low w«t«r dific.l (184 mm)
from November 1948 to April 191/ «n | tin low yifld in 1851 was dufilo high water
Pfficil (595 mm) from Novemhur 19491a April 1050 Interest.ugly. Ihw water
-ur jos dur.ng fuly 1'*50 (1M 1 mm) was all >h oh whencninpared to Mint ol July
194/ (934 mm) It apftaara t i >ttho dr/ «pell Inr six months horn November to April
and tin hi jh rnnfill dim. j Jul/ I»r- in I H ..o omit yield m tho fillowing yoar

consider .hly
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Table 5.1 Correlation between Hie seasonal rainfall and annual <n. onut y.e d
Pihcode 1942’82

Correlation bigmii
Parameter coefficient 1din n
fi)

RsmfiJl during Or lolmr in April and
yu Id nf lirst v* = i) 034 NS
Rjmtc Il during Oci 1f ‘»
A\t, ,ml yuild ~l seem 1lyn.ir r-0 2»" i Sig
Rainfall ikjru 4 off .ibur to
April .liid yield of thud year 0 1598 NS
Rainfall duiinvi Juno lo August
and yield of first year 0 0240 NS
Rainfall during Juno to August
and y~ld of second year 0 3141 Sig
RaintrJl during Juno to August
and vield of third year 00112 NS

'LS Not Sigiii icaet
Sfj Significant

Thu influence of weather parameters on the yield of coconut grown in the
back water areas of Kuttanad und”®' ramfed condemn Wgs also studied from the
data available m the Regional Agnculimal i.esearch Static, > Kumarakom  The yield
data gathered over a period of six years from Ibd tu *2°* a. h lized Weather
paramolers such as the maximum and minimum temperatures relative humidity,
rainfall, number of rainy days and thu average ram per day wore corsidered for the
study. Correlations wore v/orked out batween each of the above weather elements
and the average annual nut yield for that year and for tha t-.vo successive years A
significant positive correlation was fmjr.-f between the monsoon rainfall and the
first and the third year nut yields (Table 5 2) The average rainfai' per Hay during
the year and the monsoon reason iJune — September) had a significant negative
correlation with the second year s nut ” A pjsim/n correction between the

average rainfall per rain/ day during the monsojn season ant the third year's nut
yield was also observed

The correlations between the different weather elements and nut yield ad
presented in Table 53 it could na seen :nat ther* vvas a sigmfican’ negative
correlation (r=-0 9212) bat.vaen tha y.-Id of rut d ,rn «he ihi,d v«*r and the
annual moan maximum tamperatura of the fust year However, the values of correla-
tion were not s gmficant Juring the monsoon June— September) but significant
during the pre-monsoon (February-May) and pos,-monsoon October-January,
periods. The reasons for a significant decline ,n y.eld during the thud year waa

attributed to the high temperature prevalent at tha initial stages of inflorescence
development.
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Taole 5 2. Ccrre ation between rainfall and annual coconut yield. Kumarakom,

1981-86
vaneble First Second 1hird
yefir year year

Total ra nfall and yield -1-0 4362 - 0 4686 -1-0 6590
Monsocn mi-fall zr* yield J-0 8069" -0.7034 4-0 8352
No oi r*my days and yudd -0.1585 -1-0.2360 4-0.1708
Monsoon rarny days and yieia 1.0 8174- -0 6250 4-0.7225
Average rainfall par raT.y
day djring the year and yield -0 4817 --0.8365** -j-0.7356
Average ramfail per rainy day
during the monsoon and v eld 4-0 0941 .0 72°'> 4-0.9135

gni,i;~n’ ji Sper ceni .evt- *«  2iflr ifi am ni 1iur ceni level

The increased nut yield in the third year due to an increase in the annual
ra.nfad coutd be due to enhanced production of female flowers. The number of
femaf,0Arers n coconut is determined two years prior to the maturity of nuts*
Tne correlation between the monsoon rains and yield also followed the above
pattern of response and th9 r values were still higl cr, indicating the importance of

monsoon rams m determining the yield of coconut in the* backwater regions of
Ku'tanad

Fable 5 J Correlation between weather parameters and nut vyield

S
No. Characters correlator! r' value
1 Pro-mons jOn mean maximum temperature <3rd year yielu — 0.7794°
2. Post -monsoon mean maximum temperature x 3rd year yield — 0.8947* *
3 Annual mean maximum temperature x 3rd yoar Yyield -0.9212'~
4 Monsoon rainfall / current year yield + 0 8069~
0 Mon ,non runfill / 3rd year yield -{-0.8352*
6 Number of ra ny days in monsoon x current year yield -{-0.8174*
7 Annual avsoige rainfall per rimy (Jay x lecond year yield 0 8365~
8 Average mnf ill r.uriy day during monsoon x second year yield — 0.7344*
9 Average monsoon rainfall Mir.y day x third year yield | 0.91 35*°
10 Pre-morn »on mean relation humidity / current year yield 0 8462**
-Sinn.f.<-_nnr ir r.% "* agrudM. nnf M 1 . Invel

Rain foil and button shedding

The stud'es conducted at I|hn Mogmnnl Agricultural Research Station,
Pilirode during 1933 '34 to qualify the effect of rnmfall on hutton shedding on tun
Was* Cna t Tall palrm of uniform age and growth indicated that 1lir number of
femalo flowers and percentage hutton shedding were low during Dncmr'w to

February (Tab!* 5 4) A significant positive correlation (] 0.7048) was n\no
observed between the r.umher of fArnaln flowers and the percentage button shedding
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Station P 'code and an arbitrary classification was derived for assessing the effect
of drought on coconut palm (Table 5 6).

Table 5 5 Criteria for assessing the effect of drought on coconut-an arbitrary
clasification

Drought Standard week
Arid ty Visual stress symptoms intensity in which
index (.1 on coconut palm ratmg symptoms are
noticed
65 No visual symptoms Slight 46-51 (12th

November to
23rd December)
65-35 Drooping of low r leaves Moderate 52-4 (24th
December to
23lh January)

c5-100 Beginning of drying of droopad Largo 5-13 (29th
lonves: button shedding January to
1st March)
Pro jnj-g Drying of drooped leaves, Severe 14-17 (2nd
with 100 for fulling of tender and immature March to
5 wesk nuts; burn ng on nuts due to 29th April)
the hign ml aiaity of radiation
Prolong *d Dr/mg j/mptom *due to drying Disas- 30th April to
with ' jj up ot die* spindle le d trous the onset ol
for 5-10 wee monsoon (June

13th in 1983)

e img o, . classification, the fust visual symptom of moisture stress
(droc-mi g of I* sves) -v.j; manifested when the weekly aridity index reached 65. An
aridii/ i.. Is* iho/t: hi s| |to severe Insl m yield This clas3ilication. based on
visual «« wmtonvi Of dnujght on. . 0-0.mi, muds further refinement to relate drought

expres . in odli Th  pn/s oh>jiml Jpeel ,uf growth vm j-vi moisture strr s,

Tho month | n Id/ ifrin.ns during Ducumhur hi April lor the selected
H . * - . .
sta#e - o{ Rara‘l ior h 1|1m 1;]| M 118 Ir* . Imi.he normals and ihn dat i are

| mscntsd m F..5-a ' /

Eable 5 / Mean month / mo / L’.l]‘"ll_r.* E J fI'HIE 1L _bIll'ur to /VIFNL i solfittcil

.hil run <oi Ky r s »

Staton f 1 er bt . T trJdrl/ M.iich April
75 tO ffl) 44 93 2d 74 52

K naragode 37.69

Hilicofl?) 3/ O* fi5 f*4 85 2d M2 07 64 33

t o» Inn 10.22 j3 85 44 27 49.04 1338

Frivandrum 4 83 28 05 46 66 49 35
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I could I*o seun that m |
seldom go**

.d'ova 06 pencm dunng

southern iiuci* *uMet from soil Mmui»iui«

Severe drought un.uirod m tho noil

ifulfillle A KtFfclft.

NN

likifirfbduring

onuf

tilts

ic\l 1 |I,{-W
yiidt'h*
»cmiil] condition*,

m Hiu

Itiliubfy-Mfty 1983

piunuuncwd only ifi the

newt**.. tl.« elf-ciof 1983 ii,ou(]li> ........ product,.. |
succeeding yuur i l&bla b Hj

: . sy - .1 iol giikl iii ill* Ktgional Ayiitultui.l
labloOB Monihlv dii'l «'i"'1i"l "U V<« ol the ffci'™ 25 lie)

HtiSUIlILIT St | I'"" o, du.mj 1
i i r,84 1980
Month o 19/9-H3 Lnr
tho yutii (liltMI1J
., A1

January 1)735 12049 12241 | 9421
F&bru.iry 11499 17C32 1191b (37 42, ;2:32
March 1)1 42 211 39 12090 (42
':\Apn 17321 27241 11293 (58 59; 23010
J " 11767 21752 8452 (51 .14 16232
annye 12390 18269 6554 (64 12, 18701
August 16435 20354 8509 (53 10, 18301
September 16467 19340 5595 (50 40; 17314
October 11927 16131 9625 (40 33; 10131
November 9795 13248 7917 (40 24, 14443
Decpmbor 9082 11487 7062 (38 52, 12532
Annual nut yield 161382 224299 117030 (47 79. 214806

e Droughl yoai
*m Purcontago declina djrlrr 1984 10 tu'rtsponding mon!K cf 1 o J *evicut >c,,f
(drqugqlil veaf)

Tho total production in the 25 ha farm of the Regiona. Agncu.tural Research
Station, Pilicodu during 1984 amounted to 1 17 lakh nuts which worked out to
47 8 percent ol the production in tho drought yoar, 1983 (2 24 lakhs; The decline
in monthly nut yield was seen from February 1984 to January 1985. It indicated
that tho effect of drought on monthly nut \ield waa seen in the eighth month with
the maximum reduction (64.1 percent) during the thirteenth

month after the
drought period and the fall in tho nut yield continued

lor Iwoiv» months

Assuming that the alternate bearing tender.cv was manifestable even in tns
years of drought, the actual yield decline at Pilicode was estimated at thirty per cent
due to unprecedented drought in 1983. The poss.ble yield decline due to the
alternate bearing tendency was worked out at 16.6 per cent. The overall decline in

yield was 28.48 per cent in another study involving fifteen hybrids and West Coast
Tall which had exhibited no tendency for alternative bearing
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Drought tolerance of coconut hybrids

The growth and yield response of coconut to drought was studied using
the data collected m fifteen hybrids and West Coast Tall planted in 1973 in block
N Viofthe Regional Agricultural Research Station, Pilicode

All the test varieties except the hybrids Andaman Ordinary x chowghat
Dwarf Orange. Fij x Chowghat Dwarf Orange, Chowghat Dwarf Orange x West Coast
Tall. West Coait T2ll x Lakshadweep Dwarf exhibited increasing trend in nut produ-

ction from 1979 to 1933 Table 5 9)

The Der:enrage decline in annual nut yield was the highest (70.2) in
Chowghat Dwarf Orange xWO01l Coast Tall, followed by Fiji x Chowghat Dwarf
Orange (56 6) and West Coast Tall x Chowghat Dwarf Orange (55.5). The yield
of the test varieties was recovered in 1985 which indicated that the impact of prolo-
rged drought in a year was more manifested in the succeeding year

Table 5 9 Annual nut yield of coconut hybrids and percentage decline in nut yield
due to drought in 1983

Percentage

reduction

Year in yield in

Tgs* 1980 1981 1982 1983 1984 1985 1984 due

[* k) to drought

in 1982-83
WCT x ODO 13.6 330 4617 66 4 48 2 106 4 27.4
C3x -JO 5 U 15.0 19n 9% * 6 67.2 00
AQ x CDQ 5 2 2e 0O 21.8 58.4 32 2 77.8 44.7
LO x CDO 10.0 21 6 21 0 50.6 24 4 67 0 51.8
Fiji x CDO 10 8 97 2 31 2 74 6 32 4 89.2 56 6
Fiji x GR A4 12 O 30 4 34 2 37 8 41 0 00
WCT x MDY t3 8 59 8 64 4 79 4 60 2 112 O 24 2
WCT 181 b 6 2j 2 33 4 3/ H 38 2 88 H 00
WCT X ¢S 8 t W) 64 11 LO4 81 2 77
v.QT * f DC, 29 0 4A 0 500 102 8 46 H 1118 55 5
WCT 0 2 6 12 1 266 M1 16 4 75
CDO vy/OT 3 Is n 19 4 48 4 14 1 82 4 1<) 2
CDO x LD 1H 246 19 9 23 4 M 2 71 5 39 3
GB x LO 29 216 30.6 61 4 30 2 69 8 50 8
WCFf x LD 19 O ?9 1 r; O 57 1 40 4 fon 18 9
WCI x GR 2 4 20 | 390 46 4 46 0 68 4 09
Me in 2R 5
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Tho data on tho total number nf louvi s piodm ed and tin numbei * dr mpu.l
leaves in April 198b (Table 5 10) *hrjwed a Biyrnfi'-ani positive con* I|.,non
(r 06G03'*) It indicated ihbt ihr* Pilnv, with ,ilbiu-ti uumi.tr ol |- 1» *ould not

withstand drought au those with a lower numbti o Ileave*

Fablo 5 10 | xpressiori ot drouylrt by palms Apnl 15Bb

1GiLil hUllIbi Tot | nuiiibi | I"tjr* eitian*
llyhridb Variety ed leuvi jp 1 of drooped di Oj Iptf—)_cJ
p.iliu fed .*S p fjVLil
WC1 x CI.10 25 1 94 3b 72
CC x CDO 2f» h 110 4 1 i\i
AO x CDO 2b.b 9 A 36 71
LO x CDO 23 8 /| 6 31 93
f iji x CDO 24 8 S ;9 €6
hji x GB 27.0 8 A 31 11
WCT > MDY 28.b 12 f 44 05
WCT x TGL 26.4 74 Z - \o.
WCT x SS 30.0 12 0 41 12
WCT x CDG 39.4 10 8 40 10
wct 31 2 80
CDO x WCT 31 5 11 O 42 65
CDO x 10 26 5 02 B A=
GB x LD 32 8 10 4
WCT x GB 33.5 S.O 0 .2
WCT x LD 32.8 11 ¢ 44 27
The following inferences could be drawn from th in. iISPg ir'c

1) The effect ol prolonged druughi on nui prodm to iis ecu s demise m .J. is evi-
dent m the succeeding year.

2) The adverse effect of drought on annual nut yield is k » pronounced on low
yieldtrs.

3) Drooping of leaves is an immediate expression of drought in coconut and palms
with higher number of leaves are more susceptible to soil rroisture stress

4) The period coinciding with initiation of female flowers, to opening of spathe is
more sensitive to soil moisture stress.

5) Even under good management, drought alfects yield up to 20 percent in the
succeeding year.

Thermal regime of coconut root zono

The soil temperature in the coconut root zone in two so I lyp”s laleritic
loam and sandy loam, were compared based on the data collected from the farms of
the Regional Agricultural Research Station at Pilicode and Nileshwar during
193 3- 84. The difference in soil temperature was conspicuous (3 0— 3.4'Ci in the
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s1" ecq soil vvh le it was not so in the deeper layers (30-70 cm). The range in soil
temperature was high (32 8- 36.1'Cl in the open and low (30.1- 32.7*0) in the
coconut root zone (Table 5 11).

Tab e5 11 Mean annua' soil temperature (IC) in the coconut root zone and in the
open 1932-34

Depth (cm) Open ( C) Coconut (LC) Difference (I1C)
2.5 35.1 32.7 3.4
10 0 34 0 31.0 3.0
300 32 3 30.1 22
40 0 32 3 30 6 22
60 O 330 30 9 2.1
70 0 32 3 30 6 2.2

Th9 mean annual sad temperature in the root zona was in the rango of
30 1 —32 7°C m : .sand/loam while it varied between 27.9— 30 6 C in the lateritic
loam  The so | temperature inversion was noticed (increase of temperature with
depth) beyond 10 cm depth in the lateritic loam but only beyond 30 cm depth in
the sandy loam The root zon” temperature and its r mge wore higher in both the
lateniic loam and the (30 1- 34 1 C) sandy loam (32 4 -37.3 C) during 1933 than
in 1984 The d'fference between the two typical years varied from 0 3 to 3.2'C
in thelareritx; loam and from 05 to 4.1 Cm the sandy loam (Table 5 12)

Though t't : mean so | temperature during the summer was around 34 C
and 37 C in The itentic foam and sandy loam, respectively, the diurnal fluctuations
were vary high, vaoot-ng somotimss upto QGO C in the afternoon hours. Probably,
one of the r ason, fo' more numb r of surface dead roots in coconut gardens in
sandy and nnd / lo m soiis i. high soil temper,ituro  Studios of this ruturo nncd to
be carried out m cliff rent so.l group* in order to understand the effect of saoil
temperature on the &kv iopmont of coconut roots

Tabl 5 12 Thar ,il r gime ( C) of coconut root zone during summer under two
different sods in typical years (1903 arid 1934)

Depth Sandv Imm | Lni»»ntn: Ioam. |
(cm) 1933 1934 fj 1foremen 1933 1904 1)ilh»ioncn
25 37 3 33 2 41 34 1 30.9 32

10 0 32 6 37 | 05 30 1 29 2 09

30 0 32 4 30 9 15 30 3 29 4 09

40 0 32 9 31 5 14 31 4 30 7 07

60 O 32 0 31 9 07 31 1 30 5 06

00 39 n 31 4 1.4 30 9 30 0 0.3



Seasonal influence on nut development

The monthly variation m nut development of hybrid ' r oir.jn s orbed
at the Regional Agricultural Resuaf h Station Pilicode during the y«?url9B5 Fwe
palms each of the tluoe coconut hybrids Chowvghat Dwarf Orange x West Cuubi
Tall. West Coast 1lall x Chowghut Dwarf Orange and Cliowyliai Dwarf Orange x
Lakshud weep Ordinary tunned the m.»tei lal foi this exp* "'men! 1he hybrid Cho djhdt
Dwarl Orflnge x West Conti |I.ill regitu red higher (538 g Por nul) nu* weight than
West Coast Tail x Cli.iwyh .t Dwarl Orange #498 g nut) and Chowghat Dwarf

Orange x Lak Ji nlweeji (hdiimry foU4 y nut) (I able 6 ' 1)

Table h 13  Monthly hu;>ud nut weight (ynui), .and copra content (g nut) of

coconut hybrid . during Juriuar/, Janu. r/ 19..G
CDO x WCT WCT / CDO "do [/ LO

Husked Cupru Hinked Copra Husked Copra
Month nut content 1tUI content rul content

'‘weight (y "ut) weight (g nut)  weight (g nut)

(g nut) (g nut) <g nut)
January 1042 - 61 1 - 820 —
February 696 155 663 190 720 163
March 733 200 700 206 708 183
April G50 200 673 183 675 166
May 700 111 703 201 530 134
June - - - : i
July 437 121 433 130 280 76
August 366 66 366 100 300 62
September 244 93 303 122 100
October 304 91 320 108 350 87
November 330 110 333 113 80 100
December 410 126 373 133 466 133
January 581 172 420 146 500 154
Mean 538 131 498 149 504 123

In contrast, West Coast Tall x Chowghat Dwarf Qrange recorded relatively more
copra content (149 g nut) than Chowghat Dwarf Orange x West Coast Tall (131 g
nut) and Chowghat Dwarf Orange x Lakshadweep Ordinary (123 g nut). All the
three hybrids recorded higher nut weight and copra content in the summer months

of March, April and May. The fall in nut weight and copra yield was conspicuous
in the rainy and post rainy periods (Table 5.14).
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Tab e 0.14 Hus'ed nut weight (g nut) and copra content (g nut) during different

seasons. 1985

Summer Southern monsoon

Post monsoon Winter
(March-May) (June- (October- (December-
o September) November February)
Hybrid ~ Husked Copra  Husked Copra Husked Copra Husked Copra
nut content nut content nut content nut content
weight weight weight weight
CDOXT 694 170 339 94 317 100 526 155
TxCDO 693 197 394 120 327 110 469 152
CDO xLO 635 161 301 79 367 093 555 155

In the light of the observations made by early researchers that any abnormal
weather factor coinciding with the critical phases of nut development would
adversely affect the rate of growth and final size of the nut and copra content, an
attempt was made at the Regional Agricultural Research Station, Pilicode to work
out the relation™h'p bet ween the total hoat units during the course of nut develop-
ment and nut weigh? The results indicated a negative relationship botwoen the
heat units during the second phase of nut development (4-7 months alter ferti-
lization; and th? huved nut weight (Table 5.15;.

TableB 15 To* 4 heat unit.., during tho second phase of nut development and
he .feed rut weight of coconut hybrids

He 31 units ( C)

Month

Janu iry
February
March
April

May

June

July
August
September
October
November
December
January

Correlation coefficient between
h#, .t unit sand husked nut weight (r)

ri'jin fk tint nl 0 0nt l«\/el
<df 0 01 [Mvl

99  1njntliT

during the second
phase of nut
development

2018
2040
2040

2018
204Q

2077
2184

2259
2285

2219
2219

2033

CDO x r

(g nut)
1942
696
733
650
700

Mot available

407
366
244
304
330
410
581

— 0 83~

Variety
T x CDO

(g nut)

61 1
6G3
700
673
700

433
366
383
320
313
373
420

0 82*

CDO x LO

(0 'nut)

820
720
700
675
530

280
300
32b
350
305
466
500

0 72*
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labie 5 16 Classification of agricultural droughts based on the index of moisture
adequacy during the summer (December-April) and nut yield of the
following year

Index of No. of Percentage occurrence of years Intensity
moisture Study years in different yield groups of
adequ-  years under fnuis per palm) drought
acy ( s) the 45 40-45 35-40 30-35 30
category
30 26 8 87 5 12.5 No drought

25-30 26 9 33 4 22.2 11.1 22.2 11.1  Moderate
20— 25 26 5 40 0 40 0 20 0 - : Largo
15-20 26 2 500 50.0 - Severe

0 15 26 n 100 0  Disastrous

Y 18 7212 -f-0 234 Xr— 0 1367 X - 05906 X, — 0 3245 X, 4- 0 2733 X3 whera
Y is the nut yield of the following year (nuts palm), X , X3. X , Xt and X- are the indices
of moisture adequacy for December. January, February, March and April, respecti-
vely  The equation had a multiple correlation coefficient of -}- 0.7037 and was
significant at one per cent level

Forecasting pest and disease incidences

Stem bleed nq of coconut isa serious disease in coconut, prevalent in
most parts of the northern districts of Kerala state. Drastic moisture changes are
known to aggrv/ate the intensity of the disease. It was found that tho disease in-
cidence was more in the years of drought when the mean aridity indices wero
higher than 0J per cent. The following equation was developed for estimating

the disease incidence

N 243 0155 1 2 4896 X,— 8 8081 X, 1-3.7445 X, : 1.6488 X, - 0 2550
X whor * N n the ccfirp.V .d number of inlrns affected duo to stoni blooding
ind X . X. X X arid / ere the monthly aridity indices for January. February
March, April and M i/ respect voly Trio equation had a multiple correlation
coefficient of 0 3905 ic o infing for IV) per r.enf of the dinoaso mridonee.
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CHAPTER 6

Water Management in Coconut

n It NiilL G H Milhii ami A Hajagopalan

Coconut is mainly grown as a ramfod crop m Kerala  Much of the seasonal
variations in coconut yiold observed in tho stale aro ..iimLijluljlo to tli». vuganijs in

rainfall

How lainfall affects coconut yield? Il tai n- about forty 1oJr months for
the spadix primordia to develop into a bur iof rip > Ji T
low copra content and poor yield during September-! Jovember crc- ' jt to n.t dry

Il the patm faces at the time of spadix pnmord j i t and stages

kernal formation. Thuso stagns synchronise with tho dr/speh during January to
April. Similarly, bigger s zed nuts, high copra content and good nut vyield are
obtained during January to May. This is because the development stages of the
spadix primordia of those nuts fall in the months of June to September, when the
crop receives plentiful rainfall. In areas having well distributed ramd! as in
Kuttiadi, Kozhikode district, the production of nuts is generally high Th.s shows
that the coconut palm will respond to irrigation and moisture conservation practices.

Effect of moisture stress on yield

The period of development of an inflorescence from initial ion to flowering
has been estimated to be 32 months for Tall cultivars of coconut. With
such a great time lapse between tho initiation of leaves and inflorescences
in various stages of development present at tho same time, it is difficult to relate
growth, flowering or yield responses to any particular climatic condition.

The abortion of young developing inflorescences can seriously reduce the
yield of coconut. Based on the studies couducted at Nileshwar and Kasaragod in the
1930s, the reason for the abortion of developing inflorescences of coconut palms was
traced to a drought effect from fifteen to sixteen months before the spathe opened-
The adverse effects of drought during the time of ovary and perianth differentianon
were also seen on the low production of flowers on the inflorescence- A recent
study on the effect of drought on coconut yield conducted at Pilicode indicated
that the decrease in nut yield started from the eighth month with the maximum
reduction in the thirteenth month after the drought was over. The decjme ,n put
yield due to drought in 1983 continued for twelve months from February 1984 to
January 1985. In another study at Pilicode, it was found that the effect of drought
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c¥caco jt d31ti ‘'droop pg Of leaves) became evident when the aridity index
e- .eedai 65 per cent The central and southern parts of Kerala never attain aridity
ird above b5 percent while the northern parts experience aridity indices above
63 per cenvfcr 3 or 4 months in the summer. This is one of the reasons why tha
product vity of coconut is higher in the southern districts.

Response to irrigation

Response of coconut palm to summer irrigation has been observed in almost
a'ltne experiments conducted, the magnitude of response depending on soil type,
depth of water tab'e and moisture conservation practices. At Nileshwar
where the so | type was littoral sand the yield response to irrigation was assessed
on a group of 70 year-old palms from 1959 onwards (1959-1 965). One group of 35
pa'H-s was rr gated in basmsof 2m radius once in 5 days with £00 | of 'water per
irr gatton In the ether group of 35 palms, an arecanut nursery was raised in the
interspaces and the v.hofe area was flood-irrigated with 5cm of water once in 5
days The rainfed crop in the littoral sand was almost a poor specimen with tapering
crown ara 6 tc *0O 'eaves On irrigation, the functional leaves increased to 26 5 in
the case of b33 n rr ga! on and 42 3 in the case of flood irrigation (Table 6.1).
3as n- *r gated di rrs recorded a rrean vield increase of 22 6 nuts as against the
yield mrrease of 65 4 nu’s in the case of flood irrigation. The response to basin
irrigation wcs co”para’ vcTy h gh in red sandy loam soil than in littoral sand. In
the la*ter s: type having low moisture holding capacity better irrigation response
cou d be acn e.-a D, g ;mg flood irrigation.

3-c!bef experiment laid out in the red sandy loam soils of Nileshwar#

60 pa " be o”g g to 4 yield groups were marked out based on their pre-irrigation
produc- on rr . The palms yielding less than 20 nuts were grouped as ’'poor’.
20 tj 40 r.'/i es low , 4Q to QO nuts as medium and 60 to 80 nuts as high yield
groups, am3 were Ir gated in basins of 2m radius at the rate of £00 I of
water x* - gr ©on once m 7 days durirg summer months (December-May).
Vroif'o /.]-, a} -\« rye of _0 5h fl. 032" P,0. and 12 .K(O per pa]m
Dy LN ,ri ,n the year 19gJasbull<’ observational trial with
15 px O1L fbLirirroijp Tho trial listed for 11 years.
Tabe 6 1 W j , d recpor sc O coconut 10 summer irrigation in littoral
Il r

fJo Jn irno I'mri Floofl irrigation

cornT-ri il Nuts f=r Functional Nuts per

| (pf p dm pilrn leaf per palm

palm

10 8 9 2 11 2

A 20 5 334 43 2 96 6

POl'" 17 O 22 6 34 0 85 4

'tr1|°m (P5 4 219 1) (369 5) (762 0)
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The production uf fHiialu flow( rs and setting P*If ntnjt
Increase considerably duo to irrigation A season -w.aa analyt,. >ot b c .a. - -

Sled rove.dud tint the inciutisn in female flower Pr '

: . . | tiu OVclull
(64 2 per cen’F) during thu NUIt|I- Luit mon mn P (bum a bHjmiic 1l
IIU rouse m fein.de flowui prodm lion w > 2 | 1
inch dsu in Sunni.) |mr, nlil.iun (blJ w;ib S..Imi in Ibu bun. lieu h.,ro sier] duimy ilia
southwest monsoon punud | he ov» r.iH nx luav* in M

(T.thlu 0.3). Tlie uvmi.ill mlluancu ul im.| tiion .jn iliubu yield dim u o* <i* »
oil the final yitdd (lablu 0 4)

Table, G.2 1-Ib . I ul wuiiiiiiii.m M i.mn on lorn .1, (I-/,- >piodu- lion and Setung ,iei-
i*ntJi|n in »ueoiiul v Wir-1 Cov.l 1all
hum iln flowers pur palm Selling | 1ciitage |
Season Pre- Po”t Inciu.j jo Pt no it | df r
initi- irnga- c:.) ling j- nra. - L dofc
ation lion lion ti n (*)
Hot weather 63.6 81 6 19.0 30 8 44 7 45 2
South-West
moonsoon 36.G 44.3 22.G 27 5 43 7 58 8
North-Last
monsoon 25.3 41.5 64.2 29 3 34 1 1G4
Total 130.5 167 9 28.3 29 2 Lo 39 8

Table 6.3 Inlluonco of irrigation on female flower production setting percentage
and yield of coconut

No. or female flowers produced Increase in Nut yield per pal!m per year
per palm setting per-

Pre- Post % in- centage due Pre- Post "Oincr-

irriga- liriga- crease to irrigation irriga- itnga- ease

tion tion tion t on

130.4 167.9 23.8 39 8 42.2 73 5 74.2

Since spadix initiation to ripening of nuts takes 42 months, the full benefit
of irrigation could be adjudged only after 3 years. Therefore, the yield response
in the transit period of production and in subsequent periods were assessed separ-
ately. The maximum yield increase of 25 9 nuts per palm in the transit period was
recorded by the low vyield group closely followed by the "medium" vyield group
which registered an increase of 23.4 nuts per palm. The "high" yield group recorded
a comparatively low rate of increase in yield (12 nuts) during this period. Thus, the
influence of irrigation on spadix characters was more pronounced in 'low' and
medium vyield groups. The overall increase in yield during the transit period was
20 nuts which worked out to 48.3 per cent. Further, assessment of the yield over a
period of 8 years showed an increase of 9, 13. 8 and 12 nuts, respectively, for poor
low. medium and high" vyield groups with a mean increase of 11 nuts for the
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w. hol6 group of nalmt jnr - - * :
t 95 P p a Jme average increase over 11 years from the commencement

o irrigation v,aj ,sq maximum in the ’'low’, yield group (38.3 nuts) followed by

8.rre? u ' (32 nuts . ihis suggests that the'low’ and'medium'yielders
- erresoons v« to irrigation.Probably the high vyielders would respond to
irriga ion i the manurial doses are also increased simultaneously.

* J'"'*J " '"~0 'S -A33tTj | alms of varyin leld groups as affected b
irrigation . P yingy Jrotp yl

Yield group (nuts palm/year)

U ULUIdi S Poor Low Medium High
(below (20-40 (40-60 (61-80 Mean
20 nuts) nuts) nuts) nuts)
1 Pre-irrigation yield 13 4 30 2 54.3 70.8  42.2
2 Transit per od 33 6 56 1 77.7 82.9  62.6
Per cent increase over pre-
irngation yield (150 4) (85.7) (43.3) (16 9)  (48.3)
3 Post irrigation yield for
8 years 42.2 C9.5 85 3 94 8 73.5
Per cent increase over pre-
irrigation yield (214 9) (130.1) (57 4) (33.8) (74.2)
4  Cost b9n-fit ratio 1:2 9 1:35 1:3 1 1:2 4 1:3.1

Figur”®i in b'i-k«'3 re**r lo percentng* .

A study on the of feet of irrigation on the growth and yiold of coconut cv.
West Coast Ta4v/is initiated in a 12-year-old privato plantation at Chalakudy in the
year 1982 The ".oil of the experimental field was sandy clay loam (0-45 cm) to
clay (90-120 cm) in texture The field capacity and wilting point ranged from
17 69 to 20 83 p*rcent and 0 65 to 9 20 per cent, respectively The bulk density
of the soil varied from 0 973 to 124 g/cc The groundwater table of the field
was always below 2m from ground surface

Prior to 1lto la/out of the experiment, tho pro treatment yield of individual
palms was recorded for one year The aggregate nut yield of 20 groups of 4
adjoining palms was computed and ranked according to nut pro Juction. Theso
groups were further classified into 4 Mod s (replications) having 5 groups (treat-
ments) in mob in the orrter of nut pmrilrction  Thu nut yield was fmlhni subjected
to statistical analysis which confirmed iho uniformity nf I|he palms within a

replication

The experimental gilms received n uniform dnsu of 0.34.(1 170 141 | g NPK.
In three split doses bos d s 23 kg of green manure per palm

The treatment! were (1) irrigation with 500 | of water per palm at 75 mm
CPE 12) irrigation with 500 | of wafer per palm at 50 mm CPT, (3) irrigation with
500 I of w if r per palm al 25 mm CPC (4) irrigation with 200 | of water per palm
onr o in thmn day! (farmers' pnclice) and (5) no irrigation (control) Irrigation was
given in the basin of 18m radm. Each troalment was roplicatml 4 times
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in randomised block design lhu idinfall rectnvud during tbe summer nioiiihfc
(January Mj/j when irrigations were given is presented in Tabln 6 5

lable G5. Hainfall (nun) received during the period of irrigation (January to May)

Pro experiment | Xperirneiii years
Month year, 1982 1983 1984 1985 1986
January 115.1 26.9 14
lubruury 15.5 04 06
March 11b . 62 6 : 25.2
April 67.7 10.5 219 6 ic3 7 80 3
May 133 / 322 538 314.2 101 2
10L.1I 212 4 47 7 466 6 375.2 208.7

| hem wii» con'jidfiifiblu variation in the aggregate nut yield fiom year to
year It could bo attrihntud tu tho corresponding variation In inn fall received
during the preceding dry monlhu (January to May). The drought year of 1983 with
only a total of '12.7 mm of rainfall during dry rnonih'j led \g minimum nut
production in the subsequent vyear (19H4) Ori the other hand, high rainfall
(466 6 rum) during the dry months of 1984 helped in the production of the rnaxi
mum number of nuts in 1985 Tho results further indicated that ihe treatments did
not influence the nut yield in ihe first two years (1983 and 1981) of the experi-
mentation. However, in subsequent years, thu palms responded well to rogation.

The effect due lo treatments on nut yield in the third and fourth year was
significant and almost similar. Tho only difference was that in 1985. Tj (25 mm
CPE) recorded the highest nut yield as against Jt (once in 3 da/j in 1986
(Tablo 6 6) However, the* treatments T f50 mm CPEj, Tt (25 mm CPE) and Tt
(once in 3 days) were on pir with each other and significant '/ superior to no
irrigation (Tj. The increase in nut yield per palm due to irrigation ct 50 mm CPE
(T=), 25mm CPE (Tj and once in throo days (T over no irrigation was 10.8.
34.0 and 23.8 in 198uand 36 8, 41.G and 54 8 in 1936, respectively The treat-
ments T Tj and T, received 5500, 9500 and 7200 | of W3ter in 11. 19 and 36
irrigations in the year 1985 and 5500, 10500 and 6600 | of water in 11. 21 ard 43
irrigations tho year 1986, respectively. Tho number o0? leaves and bunjies
produced per palm showed atrend more or less similar to th3t of nut yield.

Table 6.6: Nut yield per palm per year as influenced by irrigation

Pre-experiment Experiment r .r.od

Treatments period 1982 1933 1934

19¢ 5 1986

T, 75 mm CPE 63.1 73 9 40.3 104.1 96 1
T, 50 mm CPE 57.1 24 5 39.8 112 3 113 9
™ 25 mm CPE 61.1 t:0.3 39.9 129 9 119 3
T4once in 3 days 65.1 C9.7 41.4 124 7 131 8
I5No irrigation 59.2 80.8 31.7 95.9 771
CD (0 05) NS NS NS 15.57 24 14
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Results of the study indicated clearly that coconut responded well to
irrigation during dry months (January-May) from the third year onwards. Irrigating
the crop with 503 litres of water in basins of 1.8 m radius at CPE value of 50 mm
(approximate interval of 12 days) was the most economical.

Response of young coconut palms to irrigation

Toung coconut palms require frequent irrigations The size and vigour of
the seedlings depend on the availability of soil moisture and plant nutrients. This
wa3c ear y evident from the studies initiated oi Nileshwar (red sandy loam soil) in
1081. The field capacity and wilting point of the soil were, 10.0 and 5.3 per cent
(w w). respectively. The bulk density was 14 g'cc. The objective of the experi-
ment was to find out the response of Tall x Gangabondam hybrids to irrigation
and fertilizer application right from the initial stages ol planting. The design of
the experiment was split plot with combinations of 3 levels of irrigation (IW/CPE
0.50 0.75 and 1.00 at 30mm CPE) and 4 levels of fertilizers(0.5, 0.5, 1.5 kg N,
ARG AN} respectively, per palm per year; 0 5. 0.5, 2.0 kg per palm; 0.5,1.0,20kg
per palm; 10. 0.5, 20 kg per palm) in the whole plots and the age at which the
full dose of fertilizer was applied to the palm in the sub plots (full dose of fertilizer
in the second year, full dose in the third year and full dose in the fourth year). The
irrigation water was applied in basins the radius of which varied from year to
year in responss to the expansion of effective canopy cover. In other words, the
depth of water applied varied with the effective leaf canopy cover. The fertilizer

doses were applied in two instalments in May and September The irrigation period
was 5 months from December to May

Regular observations on growth characters were recorded from 1984 Soil
samples were drawn from the basins one metre away from the bole of the seedlings

using an auger before and 24 hours after each irrigation The moisture content
was estimated gravimetncally.

Irrigation at IW CPE 1.00 significantly incroasod tho girth at collar and the
number of leaves during all the years of observation from 1984 onwards The best
fertilizer rlose promoting the maximum expression of those plant characters was 0.50,
0.50. 100 kg N. P:0 , K,O respectively, per palm por year. A combination of both
these treatments irrigation at IW/CPE 1 0 and n fertilizer dose of 0.5, 0 5, 1.5 kg N,
P,Or, KjO per palm per annum war; found to be ideal for Tall x Gangabondam
hybrids, as could bo judged from the data so far gathered (Table 0.7)

The effect dim to sub plot treatments ami then interaction with tho main
plot treatments were not significant on any of the characters studied.

The consumptive use of water by coconut seedlings is given in Table (3.8.
Th*> ton most soil layer (0O 30 cm) recorded the maximum consumptive use irres -
pective of the irrigation treatments Irrig ition at IW CPE ratio ot 1.00 resulted in
the maximum consumptive use of 794 rum. The highor consumptive use in tho
upper 1ayer wan attributable to the rapid evaporation of moisture from the soil sur-

face  The consumptive mo increased with an increase in tho IW CPE ratio owing
to the frequent wetting of the soil surface.
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Table 6 7 Growth charurteis of yuuwj Tall X canyanhunilam nri™ R TN
by urination and lIwrnli/ei apljlicat<ori Nileshwar

Cumulative plant gulh (cm) No of leave = piodu ud pm p lai
Treatment 1984 1985 198b 1984 1985 19 b*, Curnu
lalive
number
[rr/yjtio/i
IW, CPE 0 50 /] 100 106 /| 4 8 3 99 52 47
IW CPE 0 7b 66 05 10/ 60 8 3 10 O 52.48
IW CPE | 00 74 109 11/ /| 6 91 11 4 55 68
C D (0 05) 0 9 00 04 2 05
'Fortiliter
0 5.05.1.5 71 103 116 1.7 8 9 11 3 54.76
0.5,05.20 71 101 110 13 8 Db 10.5 54 15
0.5.1 0.2 0 77 110 117 75 90 10 7 54 93
10,0.5,2.0 82 88 98 6 7 77 95 50 32
C D (0 05) 0.6 10 9 Ob 06 05 2 36

« kj ~Nn p,0 ,\,0 pilin jr

Table 6.8 Consumptive use of water by the young Tall x Gangabondam hybrids

Irrigation Soil depth (cm) Total
(IW CPE ratio) 0-30 30-60 t0-90
0.50 367 373 100 640
075 317 183 216 716
100 278 242 274 794

The moisturo extraction pattern under different irrigation regimes showed
that extraction was high in the upper (0 30) layer and it was relatively uniform in

the middle layer. Tho moisture depletion was relatively low from the 60-90 cm
layer at IW 'CPE 0.50

The ratio of consumptive use to pan evaporation (crop coefficient) was
computed under different irrigation treatments and the mean worked out to 0.75.

The water requirement of coconut seedlings can be estimated using this crop co-
efficient. if pan evaporation values are known

Another experiment was started in the year 1983 at the same station to
find out the effect of water saving irrigation techniques on the growth and produ-
ctivity of coconut cv. West Coast Tall right from the seedling stage The treat-

ments consisted of combinations of irrigation techniques, two fertilizer levels and
two controls as detailed below
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Irrigation (I)
rainfed control (but life saving irrigation would be given once in a month to
prevent death of seedlings)

| K Pitcher (4 | capacity) irrigation (one pot in the first year of planting, two pots
'n the second year of planting and 3 pots from the third year onwards)

l, Basin irrigation at IW CPE 0 50 (depth of water 30 mm)

l, Basm irrigation at IW CPE 0.75 (depth of water 30 mm)

l, Drip irrigation at IW CPE 0 50 (depth 2 | water per day in the first year)

la Drip irrigation at IW CPE 0 75 (depth 3 | water per day in the firstyear)

Fertilizer (F)

FE 050 kg N. 0 32kg P O. and 1.20 kg K O per palm per year

Fa 0.75 kg N, 048 kg P O. and 1.80 kg K-0 per palm per year

Control (C)
C, Basm irrigation (IW CPE 0 50) with no fertilizer
C, Drip irrigation (IW CPE 0 50) with no fertilizer

The depth of water varied with the basin size, the radius of which was
increased year after year in response to tho expansion of effective canopy. During
the year 1986. the basin irrigation was given at 50 | and 75 | per palm and drip
irrigation at 3 and 12 | per palm.

One year-old seedlings of cv. West Const Tall we*e planted in the year
1983 at a spacing of 75 m x75 m Tho initial basin sizewas 1m x 1m Tho
soil was red sandy loam with abulk density of 1.4 g cc The field capacity and
wilting percentage were 10 Oand5 3, respectively.

The observations on growth characters recorded during 1985 and 1986
indicated that the treatment receiving drip irrigation at IW/CPE 0 50 and a fertilizer
dose of 0 50 0 32, 1 20 ~0 N. P OaKaO per palm per year was superior to the rest

(Tables 6 0 and 6 10)
Table 6 9 Growth characters of West Coast Tall seedlings as influenced by irrigation
and fertilizer application (1985)
He ight (tn) Collar girth (cm) No. of loaves
per seedling

Irrigation 1t Ff Muan F, F, Mo.m Fi Fa Moan
| ? Rainfed 1./ 10 10 130 184 187 34 42 38
| Pitcher 17 18 18 22 7 23 0 22.) 3B 45 42
la Basm (IW CPE » f,>20 21 71 2/2 203 27 1 47 46 4.7

do- (0 70) 1r 10 1/ 182 752 21.7 42 43 43

|4 Drip (0.a0) 2 | 7.7 23 32.8 238 331 30 47 4.9
X rio (0 75) 1ri 71 29 740 288 707 48 49 49
Control
IFi Basin fO 50. no f r ., o 4 20
tili/or) -
I! !:* F)rop (O 50 no fer - o b
tilizeri
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Table 6.10 Growth character* ol West Coast 1o 1lseedling* as influenced by
irrigation and fertilizer application (1986)

Irri- Height (ni) Collar girih (cm) No ol leaves
gation per seedling
F, Fa Mean F, Fa Moan f Fa Mean
0 22 2.0 2.08 308 292 300 53 49 51
11 1.8 19 185 22./ 27 A 251 A8 66 5.2
*2 20 22 250 382 302 342 6.4 52 5.3
“ 19 26 2.30 224 347 286 49 56 5.3
4 29 29 290 46 1 389 425 69 61 6.5
23 28 255 328 373 350 59 64 61
Control
» Fu 1.98 25.G 4 8
2.49 31 3 5 4

FU

Water management in areas having high water table

Adequate drainage is necessary to alleviate the ill-effects ol high water
table In a study oonducted at Nileshwar. it was found that surface drams of 1.5m
depth provided in between roA»s of coconut increased the yield by 84 8 percent
(Pre-treatment yield 35 7 nuts per palm; post-treatment yield 66 1 nuts per palm).
The crop was irrigated during summer mon'hs

With the available observations and experimental evidences, it can be con-
cluded that summer irrigation is the most productive input in coconut cultivation.
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Thg coconut palm
and parasites inflicting heavy crop losses.

grubs

CHAPTER 7

Pest Management

Sumangala S Nambiar and

Rhmoceros beetle fOryctes rhinoceros 1. )

Is infested by n number of

In Coconut

P. J. Joy

insect and noninsect
Tho most devastating among

pests

them are
the rhinoceros beetles the red palm weevils, the black headed caterpillars and root

It is one of the 42 described species of Oryctes and is a very common

destructive pest in coconut

infestation by red palm weevil and bud rot

The j/per
Pilicode re/e”ledt’
from March to June and minimum m Septomber-Octobor (Tablo 7.1).

ent conducted at thn Regional Agricultural
the beetle ittick was maximum during the summer months

The adult beetle bores through the unopened fronds

and spathes hampering the growth of the palm and predisposing tho palm to

Research Station

Tho exotic

varieties were more vis eptible than Wes| Coast Tall and other cnltivars (Tablo 7 2.)

Table / 1

Month

January
February
M.vr h
April

M ay

June

ul /
/&‘ﬂ-ju-ﬂ
Sepn-mb r
O i.nL-r
No /o niT"™*r
U runl.rr

rPercent ige ati ick)

1:3h] 1950
i 17b
2/ 1 bn
2:1 H w
n.i o)
12 M 7 2b
1 i 0 'b
1n M If.
1GQ 3 Hi
\ 1 0 bG
17 17b
rc 12b
5 1 17b

Year
1051

12 5
11J
12 /
12 7
HI U
7b
7Db
2 2
b2

f b
4 2

M j-.rhly v r .tiori in tho occurrence of rhinoceros bcetlo

1952

6 05
5.17
14 71
10 1T
1175
M bM
» M2
4 49
2.37
7 55
4 4b

370
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Tablt 7.2  Varietal iuji lion to th* mi ilimn ol rimf.n-i-inb b*£t Wunior .J

beetles put palm caught and killed durmq 1949 to 61)

Vuntily 1949 19E.U 19b | Mean
1 West Coast fail 0/ u?2 10 0*3
Fiji 1.1 U4 0/ 0.7?
3 Strait satllafiiHiit 1.3 0.3 06 %’é
4 Lakshadeep Onfnary Wb 04 09
6 1M IMipii)us Ul (J6 2 1 1 1%
6 Godavari 1 0 07 1 0 g”%
7 Bombay 0 7b 01 0 A v
8 Andaman Ordinaiy 0 ?b 03 72 0 92
m  Nuw «1111uUlil | .8b 11 1.1 135
10 Cochin china 9 .th 03 19 147
11 Andaman Dwail 04 10 73 | 28
12 Java 20 04 16 1.33
13 Omallur 05 0.6 7 9 1.20
|4 Kulnlului 07 0.8 06 0 70
15 Indupalh 00 09 1G 103
16 Cuylon 20 02 21 143
17 Laskshadeop Small 0.6 - 1.5 0 70
18 Lakshadoep ordinary 05 1.0 0,0 070
19 Andaman china 06 0.2 08 05
20 bapadarn 0.1 0.5 1.5 07

A recent study at thn Colloge of Agriculture, Vallayam sho.\cd that HCH
wa3 tho most toxic pesticide for tho pupating grubs of rhinoceros beti 9 followed
by aldrin, hepiachlor, chlordano and carbofuran. Field uxpé&i,mert snowed that
the treatment of soils ot tho bottom of manure pits with aldrin 0 "2 kg ai per ha
and HCH 0.3 kg ai per ha cousod more than SO per cent grjb mortality

In onothor experiment, juvenile hormone analogues I|.ke diflubenzuron.
were evaluated against the bcctio grubs. Feeding tho last instar grubs on cowdung
mixed with dif lubenzuron at 0 2, 0 1 and 4.0 per cent concentrations caused signi-
ficant mortality and other morphogonic deformities The affected rrubs showed
bulging of body at certain part9 followed by the oozing out of body fluids resulting

in death. The formation of larval-pupal mosaics was another effect of the treat-
ment.

A survey of the microbial parasites of O. rhinoceros was undertaken at
Vellayani, Trivandrum during 1982-83 Tho cntomogenous pathogens found during
the weekly col lection of grubs were tho bacterium Bocilius cereus and the fungi
Metorrh/ziuni sp. and Mucos circidilloicfs. The cumulative mortality by the in-
fection of the pathogens was 39.1 per cent in April, and 36 6 per cent in May

The pathogenicity tests of the bacterium on second instar grubs by oral
feeding resulted in high mortality after three days. The eff.cacy of the bacterium
on healthy second and their instar grubs under different conditions viz., cowdung
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cb™ cqg* IIPOCa J1In cOAdung mixed with tho pcthogen in deal-wood

J "M o d al-d with pathogen in pits dug in the ground and cowdung
co f-ining t .q barter a in concrete tubs, were studied. Under laboratory conditions
t emena ty o, t,e gruca in pots and deal-wood cases was higher.

Ubsep.at.ors v;ere made on the relative varietal susceptibility of coconut

y combi ia ion to tois pest during 1936-88. Among the 16 hybrid combina-
[,N NS ncll'n3 * Chowghat Dwarf Green was found to be the most susceptible
(- followed by We”t Cnasr TaU y Lakshad.vp*n Dwarf Andaman Ordinnryx

. o /gh”t Dilarf Orange, and Fiji x Chowghat bwarf Orange. The lowest susce-
pt bil.ty was recorded by Chowghat Dwarf Orange x West Coast Tall (8%) followed

by West Coast Tall x Chowghat Dwarf Green and West Coast Tall x Gangabondam
(Table 7.3).

Red palm weavil {Rhynchophorus farrugineus Fabr.)

Relatively young palms of age group between 5-10 years are worst affe-
cted by th<s weevil. Very many studies on control of 'this insect pest have been
attempted in the past with little success. The mode of entry, nature of infestation
and colonisation of this pest go unnoticed defeating the normal pest management

Taolo 7 3 Reaction of coconut hybrids to rhinoceros beetle: Percentage leaf
damage due to the beetle attack (mean of three years)

Hybrid Leaf damage (per cent)
1 Wes* Coast Tall x Chowghat Dwarf Orange 16.3
2 Cochin Chino x Chowghat Dwarf Orange 21.1
3 Andaman Ordmar/ x Chowghat Dwarf Orange 18 3
4  Lakshadweep Ordmar/ x Chowghat Dwarf Yellow 14.3
5 Fiji x Gangabor.dam 8.9
6 West Coast Tall x Malayan Dwarf Yellow 9.5
7 West Coast Tall / Tembili 12.9
8 Fiji Xx Chowghat Dwarf Orange 18.1
9 West Coast Tall / Mrait Settlement 10.6
10 West Coast Tall x Chowghat Dwarf Green 1.3
11 Chowghat Dwarf Orange x West Coast Tall 80
12 Chowghat Dwarf Orange x Lakshadweep ordinary 5.5
13 Gangabondam < Lakshadweep Ordinary 14.2
14 West Coast Tall x Lakshadweep Dwarf 18.(3
15 West Coast Tall / Gangabondam 8 7
16 West Coast Tall | 1.5

strategies. Hence studies were undertaken at the Regional Agricultural Research
Station, Kurnarakom using systemic insecticides through stem injection/root feed-
ing techniques. Application of 50 ml to 100 rnl of rnonnr.ratophos 50°0 in equal
guantity of wafer by root feeding'stem injection rjnve good control of the pest on
five to ten year old palms The chemical was .found to he superior to the other
commonly used systemic insecticides like phoaphamidon, dimethoate, nnd motn-
systox  However, care has to he taken to ovoid any root injury during root foodmg
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The application may bu rlone duinrj summer months and four or bvu matm®© p-fik

roots may bu selected for feeding the chemical rhere should be niiimnuni delay
between <(iitiinj the root and dipping die *ut end into the insecticide uulutiun It
may i ike linen He”s or more t * the absorption of the r.hemical arid if the ..irru-

ption is not snlistactory, flush roots may be Selected and the piocesj repealed

It was also fiiiiml tb.it very often rod palm weevil alia.. ¥ a..curltd thtough
the i1iilllljr portions of tho \ruwn In that r,iso timely desnuctiOii of thu pest b/
cutting und ninovmg tho alfm toil portions and treating with carbor/l1 for die
ckmg tho further ontiy ol tho post w.r* uKn found »:tfuctiv©® in controlling the
post

Otiiinni rod palm weevil , uuug coeunuf stum splits 0L discs was tried ot
tho Regional Agricultural Research Station, Kumurjkoiu. Of the various attractanis
tried fermented cocoa pulp kept in hotworm die \pht coconut pieces discs was
found to be the most ideal However, the stem splits or discl had to be shaved
once in 10-15 clays to retain their freshness

A survey of tho microbial pathogens of red p*m weevil was conducted
in Trivandrum and Konayam districts. A common disease of ted palm weevil in
these areas was found to bo i polyhedrnsis. The diseased grubs howed loss of
appetite and possessed disproportionately large head. The hindgut was extrove-
rted duo to tho blocking of th*s alimentary canal and consr-quer.t pers Merit effort of
the grub to void tho polylmrin  On opening a diseasaj grub the gut was found to
be milky in appoarance. When tho disease condition progressed, the viral inclusions
oozed out in large quantity into tho lumen of the gut. The disess™d adults a’so
gave white exudations, containing thousands of polyhedral bodies

Thu cumulative incidence of polyhedrosis in the held samples of *econd
and third stages of tho grubs collected from Trivandrum district was found to var>
from 9 3 to 15 7 per cent compared to 2.6 per cent in Kotluyam district  Further,

the mortality rate of pupae and adults was 31.5 par cent in the f.eld collection of
insects from Trivandrum and 2.6 per cent from Kottjyam district

Black-headed caterpillar (Qpisina arcnoselfa WIk.)

This is an endemic pest of coconut palm especially in the coastal tract of
Kerala. During epidemic of this pest, the palms ofter a desolute look, the entire
foli*ge being eaten by tho caterpillars. However, during epidemics, chemical con-
trol has to be resorted to. Laboratory studies using different insect-cides snowed
that phosalone, endosulphan, malalhion and quinalpnos were suitable for In©
control of O. arenosella. The LD 50 levels of toxicity of phosalone, endosulphan.
malathion, quinalphos. fenthion, phospharmdon, monocrotophoi femtrothion,
dichlorvos, HCH and carbaryl on 4th instar larvae of the coconut caterpillar
were 0.0243 0.0293, 0 C529, 0 0561, 00842 0 094B, 0 0933, 0 1013. 0 1639.
0.2920 and 0 4990 respectively Toxicity of residues of d.chiorvos 0 05%. feni-
trothion, 0.05% and malathion 0.05% on coconut leaves to first mstar larvae of
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S B AT 19 ~ e on the 8ih day of their application and that of residues
of aurna phos 0 05' p'-osalone 0 05% and BHC 0.2% on the 16th day of appli-

ed, oi R;i>djes of carbaryl 0 2°0 and monocrotophos 0 02ru showed toxicity
bayond 16 days

In ano her s’udy. emulsifiab'e concentrates ot monocrotophos, phosph3-
midon and dirnethoate were implanted in liolos drilled on trunks of four to six-year-

old palms Monocrotophos at 4 ml ai tree and dimelhoato at 8 ml ai trea gave
absolute protect on to the trees unto 4R davs

AtiemDts were also made for the control of the pest using insect growth
regulars liKe oxyrane, altosid, and trillumuron. Topical application of oxyrano
and a'tos d on the last instar larvae resulted in various malformations and mortality
of the larvae and p'jpao. thereby inhibiting the emergence of normal adults. Chitin
5/ 1ij>s'ii a*a tr.1JrlJ'on. sha.vail s jnficint slonich and contact to<oity of

the larvae Feeding tho early larvil mstars treated with O 05 to 0 C0525 per cent
dif lubenzuron showed comp eta larval mortality within four days.

Studies wore conducted at tho College of Agriculture, Vellayani, on a
nuclear po'yhedros s virus infecting larvae of O arenosolla The symptoms of the
disease resumb’ed tnose reported already of tho nuclear poiyhedrosis of othor
lepidopteran larva* However, the typical behaviour ol tho Inrvaocoming to tho
open and orienting tij body with tho head hung downwards at the tirno of death
was nor observej here Some of the diseased pupao exhibited typical symptom of
larval-pupalmosrc Malformed adults with short and rufflod wings also emerged.

The inclusion bodies msasured on an overago 1293 30 nmwith a rango of
533 33 nm to 1655 67 nm The inclusion bodies wero irregular in shape and the
surface was .moo’'h without any ornamentation. The pathogen was found lo bo
a multiple mmbedded vuns

The h *ondhdog 1l studios revrjtod that the hypodormis. fat body and

tMChnn were the pr nJp j! sites of virus multiplication. In addition to tho above
tissue*, mis |-i mi'pi inn tub ihj connective tissues surrounding tho gut, the
gut epitheliumn *ji' g »n;|In  m | epithelial shnath of gonads worn soon inferior!.
Tho extensive m *n of rh«tisvj'*.. indicated tho high virulunco of tho pathogen
T, .0 ] of Q@ ,jrcnninH / infacinrl orally or contammafod
«<terml(y eorv | »off- uUjncin r,of the plUngon lo [Im nuxt fluimr.mon mainly
through surfIr , . i nP. ai r,f egga (Ir imovuiii) | fns f.n ilit ited the natural

porpetuition rt f prorl ui tho < .ou e

Tin NP/ 'f O rr,nneafh was found rrir.i h in nussibln to y>flo<tnpfera
hfun, 5 mvtnt;.). An.vl ndft p*nonr. !""n ‘ain tn.mi and Dtacnsi.i nhhqin
Tho Jltr rrmro hmrs rh sm. I'vis bm | > >iruji imp, the ptsi fnhty of usin | tho
virud as ,, hrvi | sp "drum mi rub: 1 ihroUm ilo was also iihlic ito I Oicnssay
studies r |h- | the dosirlbilif / of ipp'yifi ! fin vims in the . ,rly stage* of tho pest
inrjrinrv * sinro ih-l.irorinsnr* mguirod very heavy doses of tho pilhogon which
might render tho technology non viable
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Tho ~npepv wlii'ii expo»»d tif ?2d cundihonii i«iimi*d nub « > -1

upto 84 li in . w.n hijttiliilly ‘it 10 | jul b" m ehii hi 166 'inn j lhu >.ulf
life of Hi* |) jihogtn on coconut (ohi)e wa» 83 25 hour >whic I» ou.purad w»li v,ih
ininy ol ihf insc hi idss When exposed lo n <onstdiii larnperaiunt uf o » C ihu infs-
cuvny ilaclin. 4 upnily beyond 84 hour* and complfcie inactivation occurred a\ 1lLb
hours ol uxposuiti  Wti.-u ihu NPVwjs expoSi-O lu infi-iitd fays, uubsloniidl
infuuivity w.is iui:imed uptu 84 horns i xposum? 10 UV udiuliuii caused lupid lust
ol Miteclivu; f«yijliujij m i uiiipleiu liia.jiviiliuii jo 308 Lijuis  Tliu virus was found
10 tjrj i ompm itivnly s.iln tu silkworm (Hutiibyx mo/t). pJiuSitoids ILrdtun previ-
cor/t/s and /m 7/o.vlj/fus [/i/>lj/iy*h]), Vuilub/ iies (while rms and while nn”e) and
uvun lo lilt) i'tiihryoiiii(t)tl i lin k ugg

In ilni  field nViiliintmii ol UHV agamst O uttnos”™Hh ilu? vnus spid/
conMininp 22 Id x 10 IJlds.ml w-r. foiiml to he on par with die msrtticidal IrOdt-
inoni rd thiod.m 0 05 per emit

As iilro.idy munlioimd, pjnjsitoid’'j form .jo important me,ms ol checking
1o pest rnuiijco both by natural and by .irhficiul moor s »1lnee viudieb were
conducted in tho Kerala Agricultural University on important pjrasitoidts of Optima
During such a study, sevoniocn insecticides were evaluated fcr its tox-cny to adult
Tricfuspi/iis pupivoto (Fam Eulophidue), an important pupal p”rusiloid ol
O orcnoscfln. Tho stu jy allowed that dipteiex. diazmon and DDVP wer»r less toxic
than DD1 being 0.4GGG, 0.5360 and 0 5421 times respectively les™ to/ 1 than DDT-
Thiodan. malathion, covm, EMC, fonnotlnon. parathron, irithicn. inriidan, rogar,
phosphamidon, lindane arid endrin wore more toxic than DDT being respectively
1.276. 2 161. 2 191. 2 932. 3.347. 3 899. A674. 6.105. 7.513 8 513. 13 25 and
13.76 as toxic as DDT to tho parasitoid At tho end of 23 du,s ufler spraying,
residues of all insecticides excepting malathion, sevin and thscdan were loci total v.
Residues of these three insecticides gave 9 4, 99.85 and 25 per ce t monthly of the
parasitoids respectively when exposed to tho sprayed coconut kaves. The three
insecticides also lost their residual taxicity by the end of 42 days after spraying

In a study lo evaluate fourteen insecticides against Microbracon brevicornis
(Wesmal). a broconid larval parasite of Opismo, it was found that parathion was
tlie most toxic and diclorvos tho least. Dichlorvos did not show' any mortality
among the parasites even at a concentration ol 0.05 per cent. This v.as followed by
DDT, endosulphan. sevin, HCH, trichlorphon, carbophenothion, d fizinon, hndane.
endrin, malathion, imidon and phosphamidon in the ascending order of toxicity. ,n
another study, toxicity of residues of the same concentrations of dichlorvD*
femtroihion, fenthion. endosulphan and phosphamidon on coconut |*av”s to adults

0 M. brevicornisbecame negligible in 8 days of application and that of residues
of malathion. gmnalphos. phosalone and BHC in 16 days of appicalion. residues of

monocrotophos and carbaryl remained toxic to the paras,to,d beyond 16 days
Studies on the effect of host nutrition on brevicornis showed that the

tlin in T ir, n larval.devel°’Pmentwas noticed in hosts reared on a medium

added ' ParasinVrl °Ur i 119 medlum con'3'oing basic diet to which thiamin w2S
added. Parasite,ds reared from hosts fed on basic diet to which fructose was
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added a i paras,foids reared frcm hosts fed on basic diet to which black gram flour

and g fed wrh yeast were added lived for the maximum number of days

(16 iIQ 1%) ] -rgest rurnber of eggs were laid by parasitoids reared on hosts
fed on bas”c diet to which thiamin wjas added.

| he number of adult parasitoids emerged also varied with different hosts.
Th* arges' nyr 30, Of paragitoida emerged from the hosts fed on medium containing

wheat flour and the medium containing basic diet to which fructose was added.

Tho fecundity, progeny production and sex ratio of the progeny of
M broviccrms as influenced by density and weight of host larvae of Corcyra
cephaiontca and the sex-ratio of the parent parasite population were studied at
three temperature-humidity combinations, namely 28U 75°; RH, 30°C 60% RH
and 32'C 50% RH. The maximum fecundity of the parasitoid was observed con-
sistent / in all the three temperature humidity conditions when the host densityjevel
oft/vo lar.«eper female parasite and the parental parasite sex ratios (female:male)
of 2 1 and 3 1 were maintained. The population of the progeny was the highest
at a temperature — humidity condition of 28%/C 75% RH and 30"C/60% RH and
under a host dens ty level of two heavier larvae (30— 35 mg) per female parasite.
The influence of he t-1 rva density on the propagation of female was pronounced
only at th-i temperature humrdny level of 32LC 50%, RH In this condition, a density
of tno lcsr/ae per fgmafc parasite was found to be sotiefectory for the production of
higher proporhon of females. At tho temperature— humidity levels of 30JC 60% RH
the parental s./-ratios of 13 produced more riumbar of females.

Cockchafer beetle (Lmicnpholfs couenphoro Burm.)

This sthu only major soil inhabiting pest of coconut. It feeds on the
routs |I"ad '1) 'o the yellowing of leaves delayed flowering and immaturo nut-
fell

The bio'ofl/ °f '-he peat have been studied in dotail Tho duration of first,
second and third mstar larval periods and pupal duration ol moles were found to bo
AO 3. 516 163 1 and 25 3 day3, respectively and those of females wero 40.9, 51.6,
177 5 and 25 7 d i/s. reap?. stivoly Morphological studios of the first, second and
th rd ins»nr gmb, ehnwed did the only distinguishing foaturo of the tlireo stages
was fhe width of wh.-ch m-ro 3 19. 4 84 and 7.71 mm. respectively. Adult
miles and fflnvdrs could bo diitir.»|ui',hod by tho antonnol character. lonoth of tim
club being twice and thne'. their vodtl. m tho ba.inlo i.n.I main, rospnctively

T1,0 adults md crj.jT//nf/j prodonmant .it 30 100. oi soil dopth, tho first,
second and third in--'t grubs bung more mrin«mui at b -30, 15-4S o.tdj Ib-30 cm
dPnths respectively Pup o v.ero rra.ro m a dr <per sir..tmn of CO-100 cm. Iho adults.
«nn. fir- inet.r second-mMer. third instiir umlr. and pupae wen noon m May -
August. May-Ocober. July-Novnmbnr. October-July one. April-July.

It % cibserved that the adults preferreda Nnnod tnmperaluro of 29 to 31 C and
8 ,0”0 U cent moisture, second meter grubs preferred 31 in 33 Cand 8 to 0 per
cent moisture, while the third m-.-ir grubs shown.l preference to 31 to 33 t. nnd

/ to 1 pfir cent mr»nbire
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An effort was madb lucuifulaiu Iht» latVul populcile *3& wilh |*,d wcMhfcr,
and an expbuiueni wui IL.nd nut fa thu Rcgiunu! Agf<uliui | Hf at itch dui r
Pilicoda, hum 1D32 lu 1U33  Thu rt*ulla bliuwud Hidl ,"Cin,lily idinfall
the mo- | ini|iorluni factor cmiiiibuting lo die bbundaiit * uf the luf-ut in thu .ml
The mean mjximum tamp» fciUiru lud u neyjl've 1nriulahun on dm iu t grub
tihundJdiicn upln « dopth ¢ ¢t «m  Hus live correlation obtains~ with the
loLitivu hum dily iih,u uptu 4 <I»pth ul hO «m ij it me *n minimum tAi ip>r *ut:  Vv.uii
lint tuvmy iiny uifJuuiM n nii 111* larval ubun iunce

Altlim, HCH, i himdniiM and liuptuchloi were evaluated for |Ilit.r elhcacy
against so- ond and third mttnr grubs of / roneopbora Chlordane was him fertive.
Aldrin mid 1dp1icillor wnru .iluiu.t uginiuxic, but thu fuin ;i wjs n 1 Crp”~nsi*e
Dim upplicnhon of heptochlor at 1 Akg u. i P rha in Jun» of t»vo dpphcatiohs of
HCH nt b kg ,i i, pur fid in Junu and Sopionibuf {J§);« .j comp'fci'u r ¢ thn grubs,
MCH applied in April. Junu, August and Suptumbi r had ha'f r. s <09 G 71.7
GG 1 and 3b duys, rubpuclivoly, and for hopGjchlor. half Idu pr-riocffi were 72 2,
76 5, 87 7 and 23 days, respectively Downward mo/oment of HCk rod htplachlor
in soil was found to be very low and insufficient to be at toxic leve's to the second
and third inslar grubs of L concophora

Studios conducted at tho Regional Agricultural Research Stdlion, fMtthwé&r
on the control ol root grubs ruvealod that sod application of chlordaou 10 par cent
dust at 60 kg pai ha once or 30 kg per ha twice a year was effectwe

A taxonomic key wus developed for ihu identification of the nree species
of [Lvucofjhofis provalont in Kerala viz.. L coneophora, L burmeisfer/ end
L. leptdoptera based on the external morphology of the third in_iar grubs

Though coconut and cassava wore more favourable hosts th m cocoa and
crotalaria, the latter was more sunsiti/o to the attack of the post

Slug caterpillars {Paras# lep/clj Cram and Conlhyfa rotunda H
These two are the most common slug caterpillar pests of coconut, sporadic

In occurrence ond assuming epidemic properties inflicting very severe crop
damage.

The biology of those posts was studied at the College cf Agi culture,
Vellayani. The incubation period ol Parasj lepid3 was 7 days and the larval period
exiendod up to 47 days There were seven larval inst3rs and the pupal period
lasted for 27 to 37 duys. Tha total lifecycle took 73 days for males end 93 days lor
females. The female moths laid, on an average. 200 eggs. Tne sex ratio v.as
found to bo 1:1.5 and tho longevity of tha male was 4 to 6 days and that of females
6 to 8 days.

The young slugs scraped the green matter from the l|eaves whereas the
older larvoo (fourth rnstar onwards) fed on the leaf in total.

It was found under laboratory conditions that 50 per cent of the total leaf
consumed during the life period was during the final instar and each such larva

consumed food more than ten times its body weight. Severe infestations of the
pest in the field rendered a defoliated appearance to the palms
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m i>.c !i3iu, me caterpillars ware found parasitised by a braconid Apanteles

araaa F a a b/ a pathogenic fungus Aspergillus sp. The characteristic symp-

tom O the d sease, under field conditions was that larva turned brown in colour
ard abstained from food embracing a gradual death.

iho incubation period of Contheyla rotuncle was 6 days. Larval period 39
days pupal period 12daysandthe adult longevity 5 days. There were six larval
in9tars

A pupa! parasite, Chrysis sp. (Fam. Chrysididae) was found to attack the
pest under field conditions. The percentage of parasitism was worked out to be 15
to 30 percent among the natural population of the pest.

Coreid bug (Paradasynus rostratus Dist )

Once a minor pest of coconut, this insect has gained importance in the
recent past due to its large scale occurrence on coconut plantation. From 1963
onwards, there wera frequent reports of coreid bug damage to coconut plantations
in all the districts of Kerala. A surveyon the incidence of this pest in Trivandrum
district showed that the damage due to tho bug was maximum in Attingal
{3.7 percent) followed by Moyyattinkara (3 9 percant) and Nodumangad

(2 f percent) The alternate hosts of the coreid hug aro guava, cashew, cocoa
and tamarind

Thesebugs and their nymphs usually attack hoavy bearing trees. Thoy
suck sap from tender nuts andfrom male and female flowers As a result tho
fender nut-» become crinkled and develop cracks. Often tho exudation of a brown
vV scous oo”™ cm be noticed at the puncture points.

file biology of the bug has been worked out in detail. An adult female
lays about 40 to 50 eggs The incubation period is 8 to 10 days. Tho young ones
feed on render nuts Fir3t-mstar period lastsfor five days, second-instar six days,
third initar and fourrh-mstar five days each Fifth instar period extends to about
nine day” ard the adult lives for about 50 days.

A multilocational trial using carbaryl, HCH and nndosulphan showed that
sprays of carbaryl 0.1*. end HCH 0 2% effectively controller! the post. Spraying
may be done in the afternoon so as to reduce thu mortality of pollinating insects.
Alternate hosM of tho bug *'jch ir, cashew and guava may also he sprayed for

effective controi of the pe>*s

Menly bug {Pseudotorj.us 5P )

Like th« tmr,KI bugs <<>ulinnili-. moiily lings n>« also wnloly
distributed .md are usually implicated m v.itmir. diw w rnnd.tmns ol coconut.
Oft,,n they are behaved fa be responsible for <srmHi. .0 twisting and al.inlt.MI piowth
of tho leavM Recently there ore Irud'tenl reports ol diylnrj up of mflornm nnr.n and

iIsheddmqg of button duo to moaly hud ntf-ink

It i3 doubtful th.il any of thn symptoms cilnd nlmvn -no exclusively duo lo
molly bun Became of tho wide distnhuhon of tho bug and acdonto.y nalute.
timre n often a strong tondon:y to associate >ho hugs wdh d.llarent types of
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symptoms Attuiuplb f\ ih..;uddt iimW pmiu 7/ *h'mlu u-l Ms* > & je.iL.t,

Kumarakom, to induce such symptoms on culchul htfculingt.. by mi fi iil i-.bUi.s
ware not .u<iumijliil 7lie sknjiafi r vsulfid ih.4 ihu uvjul s, mpis > q (i~ 17 =
itl & k wt i.j iliui ulouiiihoii (yulh.iwinu) unJ M mB 1 i ° E£I"" " L -1rr |
1 ,x\y .iUjll , thiiiis ity 4i 1jl.i. 1aaiii.g of lhu kiH * Jidla «ji mil'm« *m ‘- Jfl »=
Knoty mould development Howfl'/ur, those d.s ol* uikP< woi ®m m*a'*‘1* Imingf
Wuru not oi uiiy .wihmjm iiuluiu tu imiii < .leloim j’ion of '"~i Ili'j] ,<dL 1 b
oi iiiiloit bvinu i= On the uilnii It md, ilhjim - »" I n'ul 1™ 11(h,r ™~ W -

t'l dilud up uiflon M-nnuZ. nv>m in lit *Mjoen ' 4 *1>W 1L "/ bug ! 'pulfcmon-

Tiiiilb libiny quiiMlpho'. (0.05%/, .jirbji/l (J , 1m,d phr *ulgiil t0 (7
govu more lluin 95”0 roduclion in 1ito pe:J population.

Minor pO3ts

Tho palm mite Raoiclla ifidica Hirst is j; major pcrt of oreocanui. It u.so
attacks oilier palms llka coconut and dates. The efficacy of come common pesticides
of known acaricidal properties was tested apamct tliis post Tf e r hert. fe included
parathion, thiometon, phosphamidon, formothion, dimethoatu and chinomtthioribU
There was no significant difforonce in tho pest populfition duo to various Keal
monts, 24 hours and 7 days after Bpraying. However, at the end of 14 days, there

was significant reduction of pest population on trees treated with dimethoate end
formothion

A now species of tho mealy bug, Rhizoecus sp (Fam Fseudococcidaej
was found infosting roots of coconut in the sandy tracts of Truandrum distncu in
1977. Tho full grown moaly bug is cream coloured, sub-globular, measuring 2 4mm
in length and 1.9 mm in breadth. Groups of the mealy bugs are seen on tho thin
fibrous roots. A fomalo lays G7-82 eggs. The egg is white, smooth and oval in
shape, measuring 0.48 mm in length and 0.24 mm in width. The crawler is white,
measuring 0.48 mm in length and 0.24 mm in width.

Tho roots becomo discoloured as a result of feeding by the mealy bugs
Young palms showed yellowing and loss of vigour due to the attack. In cases of

severe infestation an average of 8.5 mealy bug colonies were noted per 10 cm length
of the root.

Hard scale Lepidosaphes megregon Banks (Fam. Diaspididae) was
also found infesting tho leaves and fruits of coconut in certain areas of Trivandrum
district in 1981. Clusters of these olongated scales were seen on the upper surface
of coconut leaflets and the surface of tender coconuts. Infestation by the scales

resulted in complete drying up of the whole fronds and tha trees presented a comp-
latly burnt appearance.

The adults are pinkish in colour and elongated The mature scale showed

8-10 eggs at the anal end. The scales were controlled by spraying dimethoate
0.05 percent or carbaryl 0.2 percent.
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Rodents

~r.cl gi * rcn-msect p«in, rodmta ore the most important group causing

severe Croc aa ag* to coconut, and the damage is estimated as 20 per cent of the
total prod_2\ on of nut in India

Kur'arekorr, trap developed at Kumarakom with coconut kernel bait was
found tobe the most effective one for the control of tho pest.

Recert studies using bromadiolone cake (a single dose anticoagulant
containing 0 '.05 percent of the toxicant) gave encouraging results at Kumarakom
and Pil code At Kumarakom the bait suppressed the rodent on ten out ol twelve
trees by a s ng'e bait ng. The attack on the remaining two trees wore also brought
under control by rebaiting One packet of the cuke was found necessary for
baitirg a sing e paim end it was placed in the leaf axils at three locations. The

trial was repeated on another 25 palms inlestecl with rats to get consistent
resu ts

At Pilicode the trial was taken up in five locationsThe rat menace
was controlled w th one baiting Mo fresh damage was noticed upto 3 months
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CHAPTER H

Diseases mul Their Manayement

P K Siithitwlij.iii. K M Hfljiiii, M Govinddii.
| C HuiJhiiki itiz1a 111, SiJbiifimid Philip
T J nodjjllinlflll/j ;jlid James Mathew

Of tho sovor il maladies |h it confront coconut production in tho slate the
roconut root (wilt | disease is of utmost ronorn The p,'fn aso is effected by a
numbor of other diseases, like stem hloodmg, bud rot leaf rot immature nut fall
quick yellow decline, quick wilt nuirition.il disorders ond disorders due to adverse
conditions.

Root (wilt)

Over . century ago, the root (wilt) diseas™ 3$ first noticed in three
isolated pockets in Ker.iln, one at Emttupettrj of Meenachil taluk in *Gnayam district
and the other two nt Knviyoor and Kalloopum of Thiruvalla laluk in Pathanamlhitta
district. Ever since the first observation of the disease in 1362 ihn disease has been
spreading in all directions independently from the three foe of infection noiiced.
The etiology ol this diseuso still remains unknown. The disecsa hos been noticed
in all types of soils under varying ecological conditions from fool huls 10 coastal
sands. *Iho disease spreads taster in sandy and sandy loam soils Allhough
occurrence ol apparently healthy palms in tne midst of severely infected palms is
noticed So far no varietal resistance has been reported for this dlsease The
disease is dobihtating in nature, but not lethal The loss in terms of nut vyield is
proportional to the intensity of the .disease and generally it varies from 10 to 80

per cent. The annual loss has been estimated to be approximately soo million nuts in
Kerala state.

Root studies were carried out inno root (wi't) affected areas representing
different soil types as well as in the healthy areas b/ excavating the total root

system. The objective was to correlate visual symptoms of The d'sease with the
extent of root decay.

Tho routs were excavated by digging a circular p t about two metres away
from the bjse of the palm, ..bout one metre wide and deep The soil iniide the pit
was dislodged by means of a water jet. After the water jetting was over, the roots
were cut and removed at different depths viz., o0-30, 30-60 and so-50 CM. Tha

roots from each depth were categorised according to colour. The total number,
weight and percentage decay ol roots were estimated.
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A to : zf - p.en coconut palms (three at Kumarakom representing alluvial
zg three nt KavamWy-m representing sandy soil and four at Mavelikkara repres-
er J aer eco nthe d seased tract and one at Pilicode representing laterite
soil m the heathy tract) were studied. At the Regional Agricultural Research
Sta 'o uti® - m e« re* palms were excavated belonging to the same age group
and wer5 mere or less uniform except in root (wilt) intensity. Among them one was
appamndy healthy, another was showing a medium score of root (wilt) disease
and the fh rd was showing severe symptoms ol the disease At the Rice Research
Station, Kayamkulam al50# three pdms were selected, among which one was
apparently hea'thy, another was with moderate symptoms of root (wilt) and tho
third was with severe symptoms of the disease. The four coconut palms at the
District Agricu'tural Farm. Mavelikkara were also uniform in age, but differed in
root (w It) intensities viz , apparently healthy, mildly disoased, medium and severely

diseased A? the Regional Agricultural Research Station, Pilicode a coconut palm
similar n age to those excavated at Mavelikkara was chosen.

.heresu'tsof root excavation studies at the Regional Agricultural Research
S'ation, Kumarakom are presented in Table 3.1 In the apparently healthy palm,
onrv 3 3 Percent of rh rroots were decayed, while the decay in palms with medium
and severe s/mptoms ware 22 5 and 31.5 percent respectively Also palms varying
in root (wilt) mten3 lies did not show much difference in the decay ol roots of
white cream and ofonye Tho other two categories of roots, viz., red and dark
brown or black predominated in all tho ojlrns excavated There was remarkoblo

difference m the percentage of decay of rod and dark brown roots of apparently
healthy, medium diseased nnd severely diseased palms.

Table 3.1 Number of roots decayed per palm, (alluvial soil. Kumarakom)

Disease intensity

Category o* root Apparently healthy Moderately diseased Severely diseased
(Colour)

Number Decay (f:,) Numbor Decny (".) Number Decay (
White ere .m 3t b 2 52A 4 | 143 40
Qrang - fj2 4.1 - 121 3.6
Red 32\b / 2 1030 10 8 4037 36 5
Bro wn 1133 /0 3142 33.1 2027 OB/
Total gyr, i 33 0002 22.5 127U 315

The root «/f. ]-Mh'.n ;.turh' <f [. iWm-,/,( Ilv Hi, U->*iir<ch 5t.it.on Koynm-
kuMrr, -howrri th » lho tot?! n-.mb-r nl roots ... Un fi)|Mn*nllv h.-nlthy p-ilms w<m

Stamfir.in'l/ - .or., lI>i<in tho v <.".I ,hnr. (1 hi" ti 2, | low,won hll-.r. no,
m h « ir o f r o o r

.. w lium n i, |l siyr;r«.ly S f,rm o ..1 p.tlnm W n s n o n e |,

Tho r.,nl. iron,I w.18 noncfl.-l will, rmfect to root |I"n||lh nls< Will, rospoct to
: Vo, .t roMo' t'fin front .ippnrcnlty hojlthy t v. rely tltioascl
weigh |l them was d b ’ 070 0 ppnrenity MoJithy to sov. Tely

pilma In medium dno.i.ol r"Ir" «lun,e wa3 1 ,0,flic,,,?n t)'f nbo"t b*lper coot M
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the weight ol mots when compaied with those ul the apparently healthy palms
Tho severely iffecied palms sho.cud Tvuui 70 pur onl induction m th» wbigiu ()\
roots

At tliti Jistn< t Ajn ultur il  dim. Mdvahld atJ whitu root., <Jurreht growth)
were seen only in appuiHntiy healthy end inodnjin diseased palm:* Nubia
8.3) t)tunge mots wdru ill »0 more in the uppjiently liedIthy end medium dibodged

palms  fvLtiithnUtjh thu mul lunyili 4 mold m diseased patrnb more. root
weight wrt i mofu m ii|i|jrtiuntly he ililr/|>iliiid Tho number of iod looia wa* more
in app irontly huilthy md »wyuraly  diseased pains ‘A comj. nson of loot

da My in thu tlnni c.itityuriMi nf [in1llls indicated that thu minimum w”s in
the iipp ircntly lih ilthy [i.ilrm (Mr»p*u f eni) lh followed by earny diseased
(10 3 penmnt) end medium diseased (11 74porcunt) pjlms Tno highest root
decay v\us ohsiirv'fd in tho black ruois of neverely diseased pains f3 1 percent) A
| omporiaon n( total roots and Ihoirdecay indicated ihat tire maximum number of roots
and thu loust decay ware obsarv* d m the appMrentl y hoa thy pain s 12.668 roofs With
6 b7 per innt drcay) Thu irjot decay in tiiouarly dnd medium diseased palms were
9 5 per cent and 8 5 per cant, recpucMvaly. The rru/imum root db ay of 14 8 per
cent occurred in the Severniy diseased palms

Tablo 8 2 Number and weight (y) of roots do ayc-d p**r pair 1 ft.and, loim bQil
K lyarnkulam)

Disease intensity

Category of Apparently Moderately Severely
root (colour) healthy diseased diseased
Number Weight Number Weight 2Jumber Weight
White cream 141 10 5 0 03
Orange 1350 20.33 215 4 57 653 13 25
Red 3690 55.20 1219 24 83 1737 26 78
Dark brown black 1589 101 95 1769 52 25 869 12 82
Total 11767 178.43 3208 81 65 3259 52 85
Percentage of 2 62 16.60 16 76

decayed roots

Al the Regional Agricultural Research Station, Pilicode representing thB
healthy tract and laterite soil type, the excavated coconut palm had 7164 roots,
measuring a total length of 7685.5 metres The roots weighed 225 4 kg. Among
the different categories of roots, red roots predominated (Table 8.4) The number,
length and weight of red roots were, 6067. 6519.1 m and 1S3 5 kg respectively.

Another important feature of the roots in the healthy area was that in none of the
roots, decay was noticed.
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8 3 Number and weight (g) of roots decayad par palrn. (laterits soil,
Mavei kkara)

Disease intensity

Category or Apparently Mildly Moderately Severely
root /colour) healthy diseased diseased diseased
Number Weight Number Weight Number Weight Number Weight

White cream o1 1 90 68 0.85 _ ;
Orange 518 19.70 134 290 526 15.05 372 565
Red 2060 140 20 1535 40 30 1567 49 15 2057 82.50
Black - _ g - 38 2.30
Total 2669 161 39 1719 43 20 2161 65.05 2467 90.45
Percentage of 6 67 9 54 8,51 14.80

decayed roots

In orcc rn ntuj/ tng jntarm! dimago of roots, samples of healthy and dise-
ased root. were brought toThe laboratory and microtome soctions wero takon. It
was seen tho? th*r3 -vs: ons de”able damage of xylem and phloem vessels in the
palms mfecteo «in r'ne d --a5e, while the xylem and pholom vessels were in tact
in the roo‘3 of hea 1 /DJ'ms.

The simp of decayed roots wore plated by tissue isolation method of find
out the orgar sm. if J-y. associated with root decay. An unidentified fungus (Stc-
r.fam/cQtl) was repeatedly obtained from the decayed portions of roots collected
from root wilt) affflctad coconut palms

The roo? samples were also subjected to assay of rhizosphere microorga-
nisms  The furgi belonging to tho following genera wore found to bo associated
with the rh”zosor.ero of coconut oalrns infected with root (wilt) disoa ,b

Table 8 A Number end weight of roots in apparuntly hoalthy palms, (laterito
aoll Pihcode)
Or.jfi I* cream Rod Brown/
Character t (0] y> 50 lo 00 0-30 30 60 60 90 Black* Total
| r.ru cm 0 30 cm
200(3 120 7164
|S? 080 145 1496 25*36
¥§ta?f|err?gfﬁ (m) 21 / 570 101 2044 2154 14 20 260 7666
Average - 296 _
' 142 8 /? 10/ P4
\Iﬁg?gt?,t (((:;?;I) 7 16 7 101 fib 26 H 225
Decay (per rant)
No r ifirj “Orm dmIiIM
/\ff&rrhnric lit f nitr/uln
Cnphi/osftormrn (Ptlfntntnchuni
Oipforhi (jifmnninlfa
fmnrium Ifrfminthnsnnnuni
Mnmmin t Mncnr
Pnsf'jfotii Phnmn
S*p ir/nrutint SympnrimHa
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A comparison of tools of rooo'tt p ilnu. of ih> iu eI "1 11 |

same soil typo urnl un..-r thu sam mm >xn > "*31 " 1 M 1 11 C 1
among numbm, len<;tii wt ightuml pi n . uinju fef <& 2% 1A *1W T ol
roots of palms in iooi (will) bee iiu-J (1Jili-“oH».jan J 1'~| ewiltj ,.h  *o,| Uj
(MuVi likkau)

Thu roits m dm tu.ilih/ an a w*ru not d* 4/<d H-k >* >f<thi'l'n ,,Md
laai'-t, tlim root ijmi iy lij, | ot.i:iifiisi| dir Jit VjlI | «*ij 1 i i unioe.i (G thi
in thu ;i))p imntly Im ilthy, ML pui L.iiil in ihu uid/ dits* J 8 f L'11 uthum
diseased and 8 per cent inilm severely dibuassd palm* li*&UJ iiie palm* Pit,
m iximum roots hulnnqud to wim cat* gory of rod fools Win g ... . of tin* f* 1 luoli
in 1110 p.dm of 1iq htf/illhy .iioi w.ir. dm,.r/<:d, m Mu- disuav Jtr* i iooi o fty
mcroasnd with ihu incinasoin divjv;u iiiioirm/- bop rcut inihu .ipp&rtntly

healthy. 10 3 per cent in the ntnly discMbud,11 7p f cunt m the mt jium uiceasud
unj 16.0 per cent in tlio sovuiuly disuasufl pahns.

The overall picture that emergedout ofthu studios ist t root (will)
disease is nggalively correlated with the number, k nglh and v, hi of loali. and
IS positively correlated with root decay. The observation that r”~djciion m iooi
number nnd considerable) root decay in thu apparently health/ palms m die
diseased tract indicates that root damage occurs prior to fo r b, Tiptons viz,
lljccidily, yellowing and marginal necrosis. Hence, root roju.eriut on jb . programme
has to be undertaken in all coconut plantations in the- root (wutj affected regions of
Kerala State

Rhizosphoro rnicroflora

O"antuative and qualitative studies on the different rhizosphuu micro-
organisms. viz., fungi, bacteria and actmomycetes in the rhlzosphero ol coconut
palms in the healthy as woll ns apparently healthy palms and pilms of varying root
(wilt) intensities in the diseased area representing tho main soil i/pcs (alluvium,
sandy loam and latcnto) were taken up  Tho study was initiated at the College of
Agriculture, Vellayani during 19GG and continued till 1977. A detailed rudy was
undertaken later at the Coliujo of Horticulture, Vellanikkara from 1950 to 1985

Roots and sod samples were collected from the diseased end apparently
healthy palms from adiseased area at Kayamkulam and from the healthy palms
from a disease-free area at Vellayani during rainy and dry seasons Samples from
the tip and basal regions of both young and old roots were collected and microbial
populations assessed from each sample using standard methods.

It was observed that the root (wilt) affected coconut palms harboured a
higher fungal andbacter.al population in the rhizosphere as comp-red to the healthy
palms from both diseased and healthy areas. This increase was mainly noticed m

the caso or bacteria However, a reverse trend was noticed with respect to the
population of actinomycetes.

snhprp nMiplui bacterial populations wera also observed in the rhizo-
phere of healthy palms of diseased area than those of disease free areas
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| ie total fungal population was higher during dry season than in the wet
season. The reverse was true with bacteria and actinomycetes. The young
and growing roots were found to harbour more microorganisms than the mature
and basa portions of the root. This phenomenon was more clear in tho disease
affected areas. However, the basal regions of the young and old roots supported

a higher bacterial population in the healthy palms in the disease free area at
Vellayam.

Similar studies were initiated at the College of Horticulture, Vellanikkara.
Soil and root samp'ei for microbial analysis were collected from different locations
at period.caf intervals starttng from May 1982 (pre monsoon period) onwards. The
second set of samples was drawn during September 1982 (monsoon break), the
third set during January. 1983 (post-monsoon) and tho fourth during May, 1983
(pre -monsoon) The locations for tho study were fixed in three different soil types-

viz. alluvium, sandy loam and lateriie m tho healthy as well as the root (wilt) aff-
ected areas

Alluvial soil Aymannm, Kumarakom and Ktdangara O0f Kottayam district
to represent d seasjd tract and Mukkam of Calicut district to represent healthy
tract

Sjndy loam soil: Kayamkulam (Rico Resoarch Station and Formers' field)
and Ochrra to represent rjireas**d tract and Ramanattukara of Calicutdistrict to rep-

resent haa'thy t'act

Lai*rde soil Erattupettalc fcttumanoor and Kozha of Kottayam district to
represent d seased tract and r huthamanrjulam of Calicut district to represent the

healthy fre T

In the di,-a .od tract samples wore collected from all the locations from
thm* pjims oi-.h ol appjrer.tly healthy. medium disoased anti severely diseised pilms.
In "healthy anv. the stmrilea were collected from one pnlrn each From each p.ilm.
nine simple, were collected ' ,t I diMmc.o of 0-1 mutur. 1-2 moires and 2-3
mrapes from tho trur> «@ i dvi if *: pths of 0 10. 30-60 and 60-90 cm from ground

levH)

riie resnl's re nil- | that 'I"" rlu/osphoru microbial popnl.it on fluctuated
between seasons »o,l'typ.,s and r ood,non of alms. Them was no uniform
trend in the population W h ret,or-1to thu severity ol tin, disease.

of/if ff.iti:/* tfi/r/to |

rie fnnn J1rud-ires oote-r-e | ,n pl tt-s diirm-i -liffnrent periods (ns dose..

Q ,orn, ili' iti/e nnalys'S also  For this, mndom culture
bed end were brought to pure culture by single spore isolation hypl.nl
were pw ed f rp? i(ver, t0 ,ho Commonwealth Mycolntncnl Instiluto.

y m*'T'l:nV Jn%I-nd tor .-hntif.Mrinn uplo the species Ilevel The results are
r<ri JUII A» =1

pro r-nn-.d in Tablo R



Table 8 5. Qualitative anblytn uf fungi ublam«d 1ONI thu ilii/oipbire ol health/
end diieaaod coruiiut palms in dlfferoni tod lypt'-

Furigu6 Lucality InP nsity L | typo
Absnlia corymb/feta Hiiiiibiiullul aid Ht ahliy Sold/ loam
Kayumkulam tally San-*_j lij A1l
Aspeig/Ilus ntge/ Ayri'unam f «fly Alluvium
Aspt/rgil /us f/avu, Ayinanufii t oily Alluvium
(J1dIHITIMIUulItIfH Heuhhy Liii rite
| 1lyd1117ulam Mt ¥iuin Sandy loam
KI Jillil fiktillc L orl/ Ailu vmrii
Aspergillus uitus ( h iithainftn\jaliim We ,-jltliy Leell >rito
Aspergillus s\ilow/ Kuiiihint* urn feny AIIuw_um
Aym.mam Mi ¢hijnj Alluvium
K.iyiiml* ulnm Tor,y Sat dy loam
Aspergillus tv/feus Kummukom Si.Vf i Alluvium
Aspvrcj/Uus ter/eUK _
var aureus Kidangai.i Sflvaio Alluvium
Asperg/ilus tumorr Cli.iliiamanp.il.ini Ib.-ulthy Lhtenld
Aspergillus vcrsico/ot Kumar.ikom Early A luvium
Akernorin ultvrnatn Kuynrnk ulam Enrly jfi* dy loam
Gotryndip/odta theobrumav  ChathamunOdlum Healthy LHerite
Chaetomium globosuni Htimanaltukara Healthy Sandy loam

Cheotonnum aff. cuchf/udes

PalUser

Curvu/aria lunate
Curvularia davata

Eupenicillim sp

Eurotium amstdodami
Eusorium cquiseti

Fusarium soloni

Fusarium monihforme
Fusarium oxysporum

Gongroncfla butleri
Hehcorhiodon sp.

Mucor hiemalis

Myrothecium verrucoria
Paecilomyces lilacinus
Penicillium citrinum

PenicilHum javanicum

V. beyma

Penicillium janthinellum
Rhizopus microsporus
Rhizomucor pusil/us

Synoepha/Zastrum racemosum
Trichoderma harzianum

Trichoderma koningii

Kayamkularn
Kidongo
Kayamkulam
Kumarakom
Chathamangalam
Kayamkulam
Ramanaitukara
Kozha
Ramanatlukara
Ramanattukara
Erattupetto
Kidangara
Ramanattukara
Ramanattukara
Aymanam
Ramanatlukara
Aymanam

Erattupetta
Kumarakom
Ramanattukara
Kayamkulam
Kozha
Aymanam
Mukkom
Kayamkulam
Kozha
Aymanam

Trichoderma longibrachiatum Kayamkulam
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Medium
i
Early
Medium
Medium
Healthy
Early
Healthy
Early
Healthy
Healthy
Early
Early
Healthy
Healthy

Healthy
Early

Severe
Early
Healthy
Early
Medium
Early
Healthy
Meaium
Early
Medium
Medium

Sandy loam
ad

Alluvium
Sar.dy loam
Alluvium
Laterile
Sandy loam
Sandy loam
Laterits
Sandy loam
Sardy loam
L&tente
Alluvium
Sandy loam
Sandy loam
Alluvium
Sandy loam
Alluvium

Laterite

Al uvium
Sandy loam
Sanay loam
Laterite
Alluvium
Alluvium
Sandy loam
Later.ts
Alluvium
Sandy loam



Toxin studies

Out o, ni- se-'eral fungi obtained from the rhizosphere of root (wilt)
diiFsai-- p m3 ~ tol3 jf se/en namely, Curvularia clavata, Botryo dipfodia, thoo-
broma.. . usanum momhforme, Fusarium sofani, Aspergillus ffavusvar.
Columna. is. A .pergjllus mger and Trichoderma harzianum were selected, on
th9 basis O their ability to produce toxins. The magnitude of toxin production
was studied b/ measur rg the extent of wilting of lomata seedlings dipped in the
cul ure filtrates of the funai listed above In another trial the inhibition of ger-
mination of tomato seeds, was tested by putting tho seeds in petriplates moist-
ened with culture filtratoa of different fungi The extent of wilting of tomato

seedlings jvas measure | after 48 hours The inhibition of seed germination wus
observed after four days

The stud/ indicates that Curvularia clavata, Fusarium moni/iforme, Asper-
gillus flavus and Trichoderma harzianum caused servere wilting of tomato seed-
)irigs  Fusirium moniliforme and Fusarium sofani were found to reduce tho
germination of rice seeds effectively Trichoderma harzianum, Curvularia clavata

and Fusarium solani were efficient in restricting tho growth of germinated rice
seeds

Etiology of root »wilt) disease

Tne root (wilt) is still considered to be a disease of unknown etiology,
although viruses fungi, bacteria and nematodes have been implicated. Electron-
microacopic studies have shown the presence of pleomorphic structures resemMing
mycoplasma like organisms fMLOs) m the sieve lubes of phloem tissues in coconut
palms infected with root (will) disease. Mycoplnsmas are. in general, sensitive to
oxytetracyclme and resistant to penicillin and the reaction of coconut palms to tho
bovo entib otics might provide indirect evidence on iho etiology of diseases caused
by mycoplasmnv Study of the various wood flora of the root (wilt) affected
g Irdens would afso be useful in thu soarch for a possible collateral host for the
mycopl uma | or g mis ns in vitro charactori/ ition of molecules associated with

root (willj d:vi r.e if an/, by culturing would also bo a helpful step in the otiology
of root (wilt) rhs eivi

Chemotherapy

Field nvr.ierimart's were fondm ted at the Regional Agricultural Research
Station. Kumarakom, Koruyarn during thu period frnm October 1983 and November

198b usmg nxytetracyclme and pane illm by two methods, viz., Mem injection end
foliar sor Wing Before tho commencement of then xpenmrnt. n was necessary to

rbodinmir*B wia _ .
. . _ules of f nd * spindle Inif old leaflets fronds biiltnns and tender
drip method '» Ina
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coconuts waru taken at loui huurmtuivjls i » ‘ib »ud ill1J,",; Ij» 1 n<i

the (roods iitmkr nm buttoiib awl pnidlu | il after lour *1J111 B 11
uptake was slow it Ill i bag iiinn j aad tel op sp& d altm k ji ii n It f*j < J
tin) 1Bj.ik ljy j 30 pm oiid ih*n slowly iecluwuJd b / O pni an J curif i

eifl’> it .j mure or Idib sjiiih Mid till did "H'l [*18 7™ ijajinny of dyr- v,,j

absorbtil into the sy>tem by 4 fJ am ooxi da/

Stain tijot: tlull

Spmii iii]i*i turn w,r. doiid .11,i ha gin ut 1b 2 ob )*s the ground kw on
ihu trunk ol cdi uimt pilar, A 4iii.il! i 3o of 1 b cm dm neter w.iS Oj in u.i hot i
lhu sides ol lln«trunk with the li*-1]» ol ., in-paHu; pum.h drvelrjp.d by the Agn
t ultuoil Kkini 2n* riitij Dr fjidiiniMMi of 11lo Kotjl.i Ayr cuhural University Deepening
of tho hold to 4 ciii dt ptli wjs dono with the help ol abn isi hand Ili 1 fhehole
wi»8 washed by a jut ol w-ip r to remove tho dust and fibre i JitnJi-b Then the
curk was plugged air tight

The injection system consisted of 1 plastic boulo connected toa V con-
nection through e dripping device. From the* 'V* connection two polythene tubes
wore connected to the wooden cork hole The palms were gi.on, 4. L arid c g of
the antibiotic in 500ml of distilled water. The minimum period tequ red tor the entina
antibiotic solution to bo absorbed into the palm was 24 hour* Howe er. vanjiion
was noticed in certain palms, wherein the period was extended up to 43 hours.

In o0idGr to study the systemic and residual activity of cxylfekacyclme in
coconut, leaf tissues were collected lor bioassay using Bocttluz cmr?us as #ihe test
organism. The organism was seeded in potato dextrose agar rredium and crude
extract of ihe sample was placed at tho centre of pertiplates in filter paper discs.
Inhibition of bacterial growth was observed after 48 hours

Table 8 6 Chemotherapy of root (will) disease of coconut (stem inject on),

Kumarakom
Pre-
Treatment treatment Mean disease index Per cent
(per palm) 10 *83 3 8 10 '84 4/ 85 10 '85 reduc-

tion

Oxytetracycline 4 g 35 33 25 53 20 70 10.19 23 64 33 08
69 35.36 34.13 35 20 12.37 26 80 24 21

* 849 34 71 28 02 28.29 10 55 20 63 40 56
Penicill in 49 35.79 33 60 37 62 14 98 22 58 36.91
6y 35.93 34.79 48 05 18 74 29 47 17 93

d 8¢ 33.45 31.00 32.30 11.00 14 28 57.31
Untreated control 31 58 26.02 19 48 6.14 19.18 39 29
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Tab; = & 1 Ch

1 —l-r*r | (wi'tl diseas? of coconut, (foliar spraying)
reatment Pre- Vean Disease Index Per cent
t'eatme 6 84 12 84 6" 85 12 85 reduction
12 83
O~yfetracycl ne
. "3(3?30 ppm 38 07 21.51 24 18 10.59 27.67 21 10
00 ppm 34 86 20.37 24 43 10 12 27 67 20 63
» 4 ppm 35 03
U 23.27 20 70 10 45 23 33 19.24
| 20GO ppm 33 07 26 34 22.73 13 10 33 67 23.42
. 3000 ppm 36.41 36.64 40.7-j 19 08 24 67 32.24
4500 ppm 33.05 20 34 19.’4 7.75 28 67 13 25
Untreated control 36 79 31 74 25 98 16 52 27.67 24.79

At tne Regional Agricultural Research Station. Kumarakom, two independont
experiments wsth different levels of oxyiotrapyclmo and penicillin were compared
w,th an untreated control In stem injection, the percentage reduction ol disease
index m oxytetra<.hne a! 4. Gand 8 g were 33. 24 and 41 respectively. (Table 8 6).
The percentage reduction with the same levels of penicillin were 37. 18 and 57
respective!/ The redun-on in the untreated control was 39 percent The foliar
spraying of tne antibiotics also, did not cause, any significant variation iri disease
expres, .n by the palms At Kayamkulam wherein only a single dose of

oxytetracycline was compared with an untreated control, there was a small induction
in the d mdsx  due to the antibiotic (Tdblo 8 8).

Table 8 8 Chtmolhenp/ of root (wih) disease of coconut, wnh stem injection)
Yay imkufam

Period of Dir.odso Index

observation iredlcfl palms Untreated control
May 1985 30 90 33 60
September 1935 30 43 33.90
Percentage change 1b2 0 69

The results of a hio iwiy with fi rnrnui 15 the test organism indicated
that inhibition /ono w n cl* irly visible from fample*. collected up to one month of
application of oxytetrar.ychne After two months, the inhibition zone appeared
only in a few 1 iW3 indicating tfi.it tlie antibiotic w,i3 not active m tho plant

system for more th in a month

A statiitir al analysis of tho data on disease score gathered from iwo loca-
tions during 1983-83 showed no significant diffeience among treatments Tho

percentage reduction in disease intensity was also not indicative of tho changes in
the treatment pilmsus compared to Hie control The results obtained in thonn

trials do not help in the diagnosis of the possible involvement of mycoplasma like
organisms in rnot (wilt) disease of coconut palms
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furiher U may bu *t?2un llut tlu disease intensity has 1u . <0. n )Hd||

thu treatments including thu ijiuiuciitfd control with ihu passage ullum iiM.,
mndicates that d better manugumujit ol thu palms ian r* *n a th* s ter nrroni
(Wilt) ilisujbtj lhu hioasbay iuiiduclud horn Il«#if HSMitfc uhuf ni b mpalms

(mated with wuxylutracyi linu indicated Hut the .jnlibiulm whs da< Uvt tU . p>n g fjl
one month only lhu libquency of application of antibiotics wasS lornd <t nil mtbivul
i)f three months based 9qii tho ibsult. obtained under leni i ul* eonditioiis I »
likely Ilut the degrad ition ol antibiotics ij11<i“r hop ol ionditinns occur, ot
foster fcjto ond hum 11 ,iiIns* i administration ul OA/tuHd' y* *n u in *y he bSbulicjl
In the light ol Ihu above nl.isniVutions.it may bu <oncludud Ihal the experiment
does nut suppoit the possible mycoplasmal etiology of root (will; dikeuSo ot
coconut lho myiopl.isrn.il Hiulogy oliooin'it root (wilt; needs further su

entific suhslontlotion

Survey of collntorol hosts

A survey was. conductod during tho p>riod sune 1983 upto June. 1985
to identify and catalogue tho collator il hosts of root (wilt; pathogen The survey
covered b1l locations in lour districts, Ouilon. Koitayarn, Ernukuloti end Alleppey
A total number of 171 herbaceous plants wore catalogued by obiervmg symptoms.
Hie details of symptoms of suspected MLO alfectud plants were a‘so recorded
Habitation ol insects on the plants wore studied in relation to the above plants
The adults of the white fly were found colonizing on Aqeratum tony/aides
plants occuring in tfie north-eastern boundary of Kottayarn disb ct Nymphs of
an unidentified aphid was seen in herbaceous plants like Condieflj nodiflurd and
Colocosia spp Tho adults and nymphs of an unidentified fufgorld bug were
found in die crown of young palms at Erattupetta The adults of lace wing beg
were also noticed on coconut crowns in tlvs locality and at Palai  The survey was
also conducted in the other parts, viz , Ranny. Pnthanamthitta, Punaloor Karavaloor,

Ayoor, Valakom and Kottarakkara. A summary list of herbaceous plants found in
the areas surveyed is provided in Table 8 9.

Tablo 8.9. Catalogue ol herbacoous plants in the root (wilt) affected dislticts of

Kerala
o Locations Species Families of
District surveyed catalogued plants involved
(No ) (No ) (No.)
Quilon 18 55 18
Kottayarn 11 21 9
Ernaku lam 13 41 21
Alleppey 12 44 18
Total 54 171 66

It may be seen that the maximum number of sp“-ies of herbaceous plants

was recorded in Quilgn disffict 8R4 thB (B8t number n Kottayafh'BATRe!!S EmHi»
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sonchifo. ia .va* recorded in all the districts C. nodiflora, A. conyzoides, Croton

oparst orus, Stachvtarpheta indica and Vinca rosoa were the predominant species
in all the locations surveyed.

I hg herbaceous weeds in the root (wilt) affected areas showing yellowing
symptoms were subjected to a special staining technique to test the possible
presence of nvcoplasmi like organisms (MLOs) in them. The phloem of stem
sections of a | ihe samoles remained unstained, indicating the absence of MLOs in
1 «m. Herre, none of the above plants could be presumed to contain MLOs.

serefore, 1 is unlikely that these plants servo as collateral hosts of the root fwilt)
pathogen

Mer stematic tissues of roots and leaves and phloem sap of infected plants
werf- used for in vitro characterization of molecules associated with root (wilt) disease.
In addition, a host Vinca rosea growing in different coconut gardens was also
ut lised for rhe study The samples were surface sterilized by using O 1 per cent
mercuric chloride solution before use. Tho traces of mercury adhering to the
s"mp’es were removed by several washings in distilled water. Then the tissue was

C medium, Tho tissue homogenatu was filtered and incubated bv
taking 16 mlin a test tube to which 0 1 ml of plant extract was added Tho
cultures were centrifuged and the supernatant was separated from which slides
were prepared. Gram staining and glemsa staining were done and tho slides were
observed undgr ollimmersion objective

Small round policies wore visible repeatedly in the various samples
analysed The identity of the organism could not be confirmed. Culturing was
attempted in zol d medium also, for which PPLO solid medium was used Petri—
dishes with media were inoculated with centrifuged liquid culture. But no success
was obtained Tho above studies were carried out at the Colleges of Veterinary
Ccignr,0 Mannu’hy an J dae College nr Horticulture. Vollanikkara.

Voriotal *n/:;iluoriori

A series of trials were carried out at the Regional Agricultural Research
Sr ition Kumarakom. Rico R 'ranch Station, Mniieornpu and Rice Researrh Station,
VMtlllg to assess tho reaction of commit eultivars, hybrids to root (wilt) disease.
The observation-, so far gathered reveal th it num. of the cultivars hybrids possossos
remarkable resistance or tolerance to the malady.

In a field trial initiated it Kurimraknm in i')74 sixteen coconut hybiids

WRr, screened for their lok-nn » to root (wilt.) dice no (lable 0 10) The inlcnsity
of root (wilt) disease w is recorded from TJ/d onwards file results gathered
during the period [f)7d-'81 indicat'd that the intensity of root (wilt) incidence
q,r,>ifican'ly low in fi;i x Gangabondam follower! by Gangabondam x West

( vit Tall * The hybrid M ilayan Dwarf yellow x W-st Coast Tall showed the maxi

,hum dr ease intensity



T.iblo 8 10 RejLti.in ol Mn uiu.i Lyl'init- Imre’'l .v."> Ir -

Hybrid o il A-,-vill) W,iii0 B ]
diSbtifcU Iinib A ' Rl ||
1 iijixuu 14 bO (0) im * NHM 3/ 7.
2 Kinx YD 30 o (TO) iHM | M 2,347
3 WC1x (ill 21 24 aT; AL, WCI , 0 O<K
4 OB xWC I 1/ 04 Ab x VIj 20 Hz
b wci a ui) 21 73 (eri) U * WC I J14b
t. ud \ we i 2b 00 (Hr {='ir <B x <] 21 78
7 WCT x MDY 28 bO iigi 10 >'iB avc B 10
u MOV \WClI 41 01 (i.i/ 1y f il-/1 | *fj 14
CD (0 Go) 10 14
Qiintf i0 Ynllmv Damf; W I. W [ CojO 1  ( fra el
1 Li uii Dw iff i.1O®; LM. |.i(-@QidkwM|] Mi- m; '4) 41 ‘U A VM
VD V.illi w Dwjrl; 10. Luk-Jind.viiui* Orclu 4y, OG. N -u &
Id another herius (1970) lillocii *'.:co* 1ions wtr* ir cd b fu =*nN, "1
The d.sease All the palms rook infer lion on Oinh third year of p 1 1 hi

Sbrics vtarted at Kum.irakom in 1975, nil the hybrids were found f er < bf 1 O
disease In thu irinL conducted el f.loii' unipu end Vytl le a
infection in the fourth year

During tho period 1972*81 tho following varieties of rc nut x\tre *xU:
in a comnleloly randomised design at Kumankori Tfio number c2 *tpliCuiior
assigned to each cultivar is given in parenthesis: (ij Strait Sbttitmerit Glut i (9
(n) Malayan Dwarf (9), (in) Java (3), (ivj Cochin Cnin3 (101 ;v) Andrmt
Giant (10), (vi) Andaman Ordinary, (vii) (9), Dwari x Tail (16)- trd (vim We
CcuSt lull (16). The observations on root (wilt) and leaf rot were re:ord»r fro
1979 to 1981. Tho moan data on root (wilt) disease miens W (Tab'e 8 V
indicatod that Andaman Ordinary was the least susceptible culluar to the diseas
Strait Settlement Green and Cochin China also showed a fair degre * of to'erenc
Java and WCT were observed to be highly susceptible to the disease The leif K

intensity waa significantly low in Coclnn China and Andaman Ordinary -when co”
pared to West Coast Tall and Java (Table 8 11).

Table 8.11. Reaction of coconut varieties to root (wilt) and leaf rot diseases

Mean root Mean number

Variety (wi t) disease leaves affected

index bv leaf rot
1. Strait Settlement Green 23 96 T 44
2. Malayan Dwarf Yellow 31 98 2 78
3. Java _ _ 51.11 3 00
4. Cochin China 24 17 107
5. Andaman Giant 20.11 2 41
6. Andaman Ordinary 15 29 1 54
7. Natural Cross Dwarf 26 84 2 04
8. West Coast Tall 42 97 3 21
C D (0.05) 7.33 142
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in 3HO*ha a ! _ _ _ _
UQalan TI* folln -xperiment laid out during 1974 in a compact family block
.

s P 1» [famiiy groups were compared: i) Lakshadweep Ordinary
.} _U" 93 _ Cochin Chrnaiv) Philippines v) Andaman Ordinary
on rno* Jw°a3dt la”’ ' ~9re were six progenies in each family. The observations

tTable 9V?!* - 0'3Il/,vwWere recordQd at half \early intervals from 1977 to 1983
recorded -i-1 i 'n* resu'ts moiceted that the progeny of Cochin China x GreenDwarf
*°'vasf root (wilt) disease intensity (6.86) followed by Lakshadweep

Ordinary x Yellow Dwarf(7-42)

able 8 12. Root (Wilt) disease tolerance of progenies of Tallx Dwarf and
Tall x lall cross combinations

Designation Mean root (wilt disease
index (Pooled)
LO x MDY 18 33
LO x GB 23 07
La x GD 16.33
LO x AO 12.72
LO x YD 7 42
WCT x G9 37.90
WCT x GB 26.23
WCT x T 27.80
WCT x YD 38.09
WCT x AD 33 10
AO x AO 34.92
AO x MDY 23 56
AQ x GB 18 73
AO x AD 24 19
AQ x YD 21 91
Mx GB 14 21
TIG x AO 15 63
MG x MDY 25.73
MG x GD 23 41
MG x MDY 23.51
MO x YD 27.64
CG x YD 26 16
CC / or: 21 64
CC v GPR 13 66
CC VvV MDY 16.21
CC x AO 34.29
CC x GO G 86
Philippine x MDY 13 14
Philippines x Ph:ltpp|f,or 24 69
C D (005 7 82
IO In*ih Idwrt'vi OHmiry; Gr Gnrv]itiond irp; <»p, Gro-'ii nwn»t; AO, AnUnman Oullnnfy;
r ( MaM/in nwirfy *0, Ancljimn Hw~Il; VO, vYnlinw Dwarf; Cr. Cochin

( hina, NG N**w Guinea
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A field Iriiil with the following exuin eultivars ot <ot onul iom geogr(

phically distinct aruas was laid out in u ‘ ump'Ht ,i n ,h M A

during 1976 at Kumarakom Thereplications of "a J vtuitt it ijitn n
parenthesis (i) San Ramon (12) (ii) St Vmtcni (17 ("1, Jarnai. 4 ( O,
(iv)  British Solomun Island (17) fv) Ken.ya (7?) (vi) Guam (71). (vi.j Sné&.i
Settimnuni Grimn (1b), (vni) Imlmaim! Mal.iyan Slant* (?' 1 e 2))

(x) Liji (21) tirul  (xi) Wi M Coast | <l tWCT) C\S)

All tin* exotic »ulnvars Unhid wun.* found to ho sus* tpl;hlt tu the d.so&ur

Howuvor the cullivm, San H.iinun rncurded Sigrtific/inlly ijv*eMto'* n u *t
| >llowod hy Guam St Vincent and Kenr/v lhe ot i<tuxotic tu tiva_ Il u”™rur
Settlement Green, Federated Mai iyan State* British Sounion Il utid,J .num. . and
Fiji warj significantly sjp.jrior to thj luj.ilchi.k var.ot/, W<t GjaA Tall It wgs
also found that West Coast Tallmid Javaweru highlysusceplih u to iooi (wilti

disease (Tahlu 8 13).

Table 8.13 Reaction of exotic cultivars ol coconut to root (will) disease

Rank Cultivar Mean root (will)
d s.ease ir.de/
1 San Ramon 12 22
2 Guam 19 80
3 St Vincent 22 C4
4 Kuniya 23 04
5 Strait Settlement Green 23 04
6 Federated Malayan States 25 45
7 British Solomon Island 25 99
8 Jamaica 25.5T
9 Fiji 30 18
10 Java 30 91
11 West Coast Tall 39 81
C D (0 05 9 12

Stem bleeding

Stem bleeding of coconut is a very serious disease in the northern districts
of Korala. It is classified as a disease of unknown etiology at present. A few

studies have been conducted at the Regional Agricultural Research Station Pilicode
on symptomatology, etiology and control of the disease

Symptomatology

The first indication of the disease is the oozing out of a dark reddish brown
fluid from cracks Ihat may be found on the surface of the stem or bark This reddish
brown ooze turns black as it dries. In the early stages, the decolouration and dacay
of the tissue is localised and as the disease advances, a general decay of the internal
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3 ° 3Ce N s sta99 the tree ceases to bear nuts, the crown dwindlei
e t - paim dies. Generally, young palms are seldom affected. When young

pa l ,arefa -Jed a t[ e base, the outer patches give no indication of the internal
j.cay. | e innar tissue rots and a cavity 15 formed along the central portion of the

n <J 'ndfhin yelowish fluid accumulates If the decay extends downwards
the stem becomes hollow

General yellowing is the first symptom noticed on leaves The size of the
new vy merged leaves is reduced with shorter petioles.In advanced stages, the
norm3 production of leaves is also delayed Then the number of leaves in the

a ecte palm gets grad jally reduced In certain cases the older leaves get dried
up and hang from the Oee

The inflorescence bears a few female flowers and sometimes the husk of nuts
gets shrmked and a circular depression is formed on the husk In some cases,
tapering of the trunk is observed Formation of the kornal is also seen affocted. In
palms affected by stem b oedmg. root decay is a common phenomenon.

Etiology

Stem bleed ng disease was prevalent in Kerala from the very oarlv day and
its causal organs n was reportei to be Theilavtopsis paradoxa by Sundaram in
1922, the then Mycologist of Madras presidency. He reportod that only when the
surface was injured and wounds or cracks were formed, the fungus was able to
infect the palms  However, studies conducted later by different workers failed to
establish the above fungus as the causal agent Tho fungus was considered as an
associated organism and not as the primary cause of tho disease Application of
heavy do3es of fertilizers was also reported as a possible cause for disease incidence.

Studies conducted at Pilicodo during 1984 -87 revealed that apart from
Theilav/opsis paradoxa, fungi like Paecifornvces vanotti, Philaphera sp, Tricho-
derma % Acremomum racifeh, Alternaria sp. Aspergillus sp, Botryodiplod/a
theohroma and Pomes favegatus wero associated with the stem blooding of
foconut Among these fungi, Paocilomyces variottii alone took infoction on nrti-
cicial inoculation

The influence of season on tho occurrence of tho disease was also studied
Ten palms each at Pilicodo and Niloshwar wore selected for recording observations
The sod types were red laterite loam at Pilicodo mid sandy loam at Niloshwar. At
Nileshwar the palms were irrigated at the rate of 200 litrospalm week during summer
months from December to May while those at Pilicodo wero not irrigated At Pilicodo
13 percent of the palms showed symptoms in July and 20 pnrcont showed
symptoms m November The symptom expression was noticed only during July to
December at Pilicode. At PJileshwar, 10 percent of the palms showed symptoms
in August 30 percent during February, April. August. October and November and
36 per cent during June The symptom expression was low in summer months at
Nileshwar  This might he attributed to the offoct of irrigation
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Varietal reaction

Tho reaction uf different varieties m the yeimplasm culler lion uf c.ucuh ji
at Pilicodo to stern bleeding disease was studied during I"Bb end uccording iu .
surface area ol inlet,non, ilioy weio classified mtu three yruups ifubk: 8 i4j
cultivars with a lair degree tj| tolerance included Lakshadweep Ordinary, Philipp ,ie
Ordinary, Jamaica, Siam, NaVasi Geylun Kalibahim Gangabondam, Ornaiui Ir.d
upali ami Kulithalai

Tabln H 1A Moaclion ul ~ui unut enlir/nrs to stem bleeding d si ase

Group | Gvuiip | Group

(tolerant) Imildly subceptihh') (highly tus' epiiblw)
Siam Cochin China New Guinea
Philippines Ordinary St Sntilemenl Java

Apricot Sir.j i Settlemi-nt Gieen

Kahbahim Philippines Lagun r Fiji
Jamaica Lakshadweep Dwarf P1lllipp ni i Qrdinar/
Navasi Kappadam Seychelles
Ceylon Bombay Gon Tnen.b i
Malayan Dwarf Green Godavari Th** rribil i

Malayan Dwax»f Yellow
Malayan Dwarf Orange
Lakshadweep Orchn iry
Omalur

Kulithalai

Indupali

Gangabondam

The loss in nut yield duo to tho disease was
the yield of the diseased and healthy palms (100 each)
using the formula (X-Y) 100 where. X= the yield of

X

yield of the diseased palms

Diseaso control

Earlier studies on the control of the disease
decayed tissues and application of coaltar or bordeaux paste in
checked the spread of the disease
could also reduce the disease incidence

fungin sol. In farmers
disease (Table 8 15).
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fields also

indicated that removal

Sanitation of the coconut

Sar rdmon
Andaman Ordinary
Andaman Dwarf
Andaman Giant

Lai* shad weep Small
Bengal

Mysore
West Coast Tali

also estimated by studyirg
over a span of 10 years

healthy palms and Y

The yield loss was estimated as 23 6 per cent

of tne
the affected area
garden as a whole
Studies on chemical control of the disease
revealed that drenching one per cent calyxin (251 per palmj reduced the disease
intensity considerably and it was on par with baviatin, vitavax, coaltar and aureo'

calixin drenching was found to reduce the



# Another rra on disease control revealed that application of neem cake at
t .rdt" 0. O p9r pa|m an(j drenching the basin with one per cent Bordeaux

mixture was effective in reducing the disease intensity

Table 815. influence of fungicides, neem cake and coal tar on stem bleeding
0 sease imean data of four years]

Treatments Percent increase in the area of infection
(Transformed values *)
1 Savistin — — VT74
2 Ca',xm 0.513
5. Benlate - Q26
4 V,ravax 1160
5. Aureofung n sol 4 999
6 Neem cake 1223
Coa\l\ar treatment 1227
C D <005) 0 499
Bud rot

Another fital disease on coconut palm is tho bud rot of fungal etiology,
reported as early os in 1913. by Fletcher tho then Government Entomologist of
Coimb Pore The causal organism was reported by Shaw and Sunciarararnan (1914)
to bo Phylophthnrj pjfrrnvon Bull The dise ase was widely spread in parts of
Malabar district but was mild in other aroas Tho disease spread slowly, though
persistently. by means of tappers, rhinoceros beetlo and human aguncios

There was a controversial belief that the primary cause of bud rot was
bacteria and Phvtophrhorn was only secondary Isolation studies woro thoreforo,
taken up with Potato Dextrose Agar, Peptone Doxtrose Agar and Hutchinson Agar.
The growth of the micro-organisms isolated was rocorded and identified. Bacteria
could bo isolated only from the soft rot areas nnd the bacterial isolates when
montle'ed no young pilms did not take infection and produce the typical symptoms
of hud rot th jreb/ rjl.ri j oit th 1 passible involvement of bacteria in tho incitation
burl rot Hiseav

Cl.nah if'on of infected plants according to their age showed that plants
below three ygnrs and above 1lh years were rieldorn alfected The perenntago of
intection Was more from tho fourth to ihu seventh yeur lie*  exotic varieties of
r,,. 0L ut vire found to be more sus nphhlo to the disease than the West Coast Tall.

Control mflamres

Front 1922 onwards control measures were tried at Pilirndn nnrl Nileihwnr.

Th« affor ted ,ortion Of the trees were removed end Bordeaux paste was applied.
> sy o tic HMavinri with one per cent Bordeaux mixture was given to coconut

palms in vway and .June every year
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An »her iria on disease control revealed that application of neem cake at

ai , «g d™t palm and drenching the Dbasin with one per cent Bordeaux
mix, jre alas effective in reducing the disease intensity

a 1e8.15. In, luence of fungicides neem cake and coal tar on stem bleeding
disease (mean data of four years)

reatments Percent increase in the area of infection
(Transformed values )

1 Bavistm TTT74
2 Cahxin 0.513
3 Bertare , 026
5. Aureofung n sol 1 599
6 Neem cake 1 273
7 Coaltar treatment 1227

CD 0 05) 0 499
Bud rot

Another fi:al d'sease on coconut palm is the bud rot of fungal etiology,
reported as eary a5in 1913. by Fletcher, the then Govornment Entomologist of
Coimb irore The causal organism was reported by Shaw and Sundararaman (1914)
to be Phytnphthorj pj/mrvori Bull The disease was widely spread in parts of
Malabar district but was mild in other aroas. Tho disease spread slowly, though
persistenti/, by means of tappers, rhinoceros beetle and human agencies

There was a controyers'al belief that the primary cause of bud rot was
bacteria and Phytnph'hnro was only secondary. Isolation studies wero thoreforu,
taken up with PotaTo Dextrose Agar, Peptone Dextrose Agar and Hutchinson Agar.
The growth of ihe micro*organisms isolated was rocorrlod and identified Bacteria
could be isolated only from the soft rot areas and the bacterial isolates when
inoculatad on young p dn.3 did not take infection and produce tho typical symptoms
of bud rV thar”™h/ rulin \out th | passible involvement of bacteria in the incitation

bud rot disease

Classification of infected plants according to thuir age showed that plants
below three years and above IS years were seldom affected The pnrcenl igo of
infer.non w,iis more from the (mirth to tin. seventh yum |hn exotic varieties of
coi onut n-ire found to be more suv.eptiWe to the .h-m.Cie I11,in the West Co .31 T.tll.

Control

F rom 19220nwards control m anures WwWere tried ,\\Pilicndn nm |l Nilr

The aff -ﬂ)ortion of the trees w ere rem oved nm | B ordeaux paste w a s nppliorl.
Propliylar.ti,. sprayinr, with one percent rionlen.ix mixture war. fl.ven In cocon.it

» Ilnwv ;ir.

palm s m MlvnOd.June every year
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Studies on the incidence ol the disease during hie tiilleror.i months ol ulb
year revealed that tlie maximum disejse was noticed m Augu t foil * ed by Ju

An experiment was laid out m a <ultivelor s held dunny 1JH2 to ass.e';.s h,b

efficacy of newer fungicides against the bud rot disease of r.or onut Five m at
monts were compared vi/ Bordeaux paste 10 percent, lyoop a0 A U percent
Fytolan 10 per tent, Hidomil wp 25 0 2 per cent - Cuman L O 08 per cent and Fhrlo -
mil O 2 per cent Cuman | O 08 per . eiit lhere w«ie lour replic ntmr.s The Infer nn
bud portions were thoroughly clmined and the cfieinir els were apple .. amany the
treatments Hidomil j Cuman | and Bordeaux paste were the best (Table 8 16)

Table 8 1b Clmmw al control ol the hud rot of "oconut

Palms Mor Uil ity Perr entage
Treatments treated of mortality
Bordeaux paste 4 Nil 0
Ridomil MZ 0 5 per cent -I-
Cuman L 0 8 per cent 4 Nil 0
Fycop 40 A 5 per rent 4 1
Fytolan 10 per cent 4 1 20
Ridomil wp 25 0 2 per cent -{-
Cumnn L O 08 per cpnt 4 1 20

Quick (Yellow) decline

In the rnnt (will) affected areas of Kerala State, especia'lv m Alirrprev snd
Frnakulnm districts, a peculiar tvpe of disease — hriaht lemon yellnwma of leaves was
noticed on afew scattered palms The firs? symptom of the disuse was bright
yellow discolouration of one of the leaves in the middle whorl Soon the yellowing
was found to spread to the leaves just above and just below the discoloured leek
Finally all the leaves in the middle whorl of the palm became bright yellow In colour.
Along with the foliar symptoms, inflorescence necrosis and drying were also noticed
The symptomatology of the disease was studied by conducting periodical survey of
palms in several farmers’ fields in Muthukulam and Government farms (Disir cl Agri-
cultural Farm, Mavelikkara and Kayamkulam Kayal Farm Cheppad) in AMeppey
district and in a few farmers fields In Shertallai taking in AMeppey district

In order to study the etiology of the disease, soil and leaf samples were
subjected to chemical and microbial assay. No pathogenic fungi or bacteria were
obtained in laboratory from any of the samples collected. The leaf and soil analysis
indicated a possible deficiency of copper and manganese in the samples tesied.

Based on the laboratory studies, a field experiment has been laid out at Cheppad
Alleppey district with the following treatments:

Tj— Soil application of copperand manganese (250 Q)
T,— Stem injection of oxytetracycline 3 g ai/palm
T, — Stem injection of penicillin 3 g ai palm
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1, ireatrnentl P'us Treatment 2.
T, — Untreated control.

The study is in progress

Leaf rot

It is a common observation that leaf rot caused by Bipofaris halodes is often
superimposed on root (wilt) affected coconut palms. Leaf rot, in fact, worsens the
condition of the root (wilt) affected palm very seriously.

Etiology

During 1S65. a detailed investigation on the etiology of leaf rot disease of
coconut wasconducted at the College of Agriculture, Vellayani by collecting disea-
sed soecimers from fi-.e southern districts of Kerala state whore the disease was
noticed Isolat>on studies of the specimens showed that Hefminthosporium halodes
G/oeosponum sp.r Gfiocladiom roseum. Fusarium sp, Diplodia sp , Pestafotia
palmarum and Thifayiopsrs paradoxa were present

The pathogenicity of the organisms isolated, was tested on young healthy
palms Simultaneous inoculations were done on detachod leaves and leaf bits
alio Ir was found that H halodes, was pathogenic either individually or
collectively  The other fungi were not pathogonic.

Two field experiments were conducted at the Regional Agricultural Research
Station. Kumarakom from 1981 to 1985 iri order to find out whether lhe application
of boron as root injection, foliar spray, crown filling or soil drenching could prevent
the incidence of leaf rot disease on root (wilt) affected palms or could reduce tho
intensity of leaf rot disease on already diseased palms In the first experiment
uSinrj leaf rot disease free palms, all tho experimental palms contracted the disease
irrespective of treatments In the second experiment consisting of already diseased
palms the application of boron could nut significantly roduco the disease intensity
Hencp it was concluded that the application of boron was not effective in pre-
venting the incidence of (¢.t rot diioose or in reducing the intensity of the

disease in affected palms

Control of IM"af r°t

r 19 if , r.f some of the newer fungicides in controlling leaf rot disease
rne efficacy m

H As the first stsp hioassay of Ilia various (uncticirlni against Ripolnns
Ivis teste ratnpt\ out at the College of Horticulture Vnllamkknrn  Those fun-

h'ltodei mwas c N fnlmri -((active in imere selected (or field evaluation on
gu ides which were tnunri u

a multilocational has'*
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invitro studies

A toial oi fourteen lunyii idt*s vi/ . CupumK Caplet bdviMm Kii,/fn,
Hinosan. Foltaf, Tluri.fu Mai,t>b  Pui.olil, Dilolai.m, Anti.iuiul. Beyl* tm. | bio,
and Auroolungin iul uji li ol livt, dilfoient i.on* entitil'onx (100 2*0 .00, 1000
and 2000 ppm) wuie usou lor biuabsay studios Mi.iinai H%e lea* 'ul path* you.
Bipoldiis A,iloilas in bull. build an wall as liquid mod.a BoiduaUX mi/lur* one

pur cent was usodW lliabtniiilaid  (.hai F  Iho uiov.tn of the I" 'limit n ... evrilu
atud I»y puibim tnoil let hnii|iiu iilsn B.isod on die losults ul solid and liquid media,
it wa* coucludud 11 11 Full.,I. M.m/eb. P.mol.l, .Oapiai Hiriostir* ar.rl-Kiia/in were
etfucnvo in [iruv.iiinn.] On-ginwlli ul llio fungus under |. bouiioiy condition* [liu
libovit LluiiniCiils  wtMti iilsti lustful fur thmi linl'l P* ftoMiiriin «

I mid iri-ils wufn c.irrii®i «til -1 Ibi'|mii*ilAyi " m'hji.i! H.-s*ui«_h bltiliori

Kunnifflkom, \Ui:v [U-sn.m h Suuion. Vyinl.i ;ikd f<" h N *e11% Station. Kaydinl'ulam
fof | pormd of thrno years (1!j82 1885) with fol’V ~ M*it /rb i n,|fJlil  Cn\j\br\,
Hinns.-m. Kil/i/m jncl Borrfn.iux mixiuru .is r.u At 3 »xh venire iwn inrie-
pondi*nt triols worn cdrnuci out, ifvt first sol on <ofOfnji p ] w I wi-fti litkdy
infected by leuf rot and tho second set on coconut polios wlif.li we'i apparently
free from lejf rot when selected The pilrrr; in rjiffersrt tryjtrneM'j were scored
for the intensity of le.jf rot before tre.it'nunt Ipfd Atori, viz . p* <+ rsuon mcn-
soon break and post monsoon periods, using the scon.* chart given in Tahiti 8 17

Table 8 17. Score card for leaf rot of coe?rnul

Diseases score k sease Intensity
(area oHeiltd in percentage)

0 Healthy (no infection)
1 Lass than 10

2 10— 25

3 25-50

4 50-75

5 More than 75

In the firstexperiment, the reduction in disease intensity in differert
fungicidal treatments varied from 22 to 43 percent The disease intensity in ihe
untreated control remained almost constant Bordeaux mixture was the motteff-
ective treatment with 43 percent reduction Next m the order of ment was
Kitazin, in which 40 per cent reduction had occurred The reduction in dis-
ease intensity in palms treated with Foltaf and Manzeb was 33 per cent and 29
per cent respectively The leastreduction was noticed in palms treated with
Panolil (22 per cent). The study indicated that Kitszin could be wused m the
place of Bordeaux mixture, without loosing much efficiency Even with repeated
thorough sprayings, tha disease could be reduced to 22 percent of the original
disease level. Obviously the frequency of spraying (once in four months) wa»
insufficient to keep the new leaves (which emerged every month) free from infect-
ion. The observation that the disease situation d d not develop further in tn«

untreated control was possibly due to the fact that the inoculum deni ty might
have been reduced in the area through repeated spray,ng*
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In “"a second experiment, in which apparently haalthy palms were sprayed
with dfferent fungicides, it wai found that inplant! sprayed with Bordeaux
m xture or H rosan, the disease intensity was as |low as one per cent. In the
palms treated with Kitazin or Manzeb the intensity was two per cent. Foltaf and

Panolil were not effective in preventing infection In the untreated control, the
I~ ersity wa3 16 per cent

On evaluating the merits of different fungicides in both the experiments,
it could be concluded that Kitazrn one percent *pray wax almost as effective as
Bordeaux mixture one per cent in leaf rot control However, no fungicide tried
had the ability to eradicate the pathogen from the infected area completely. But,
one per cent Bordeaux mixture was more effective than the other fungicides.

Leaf blight

During 1936 a disense causing extensive damage to the fohago was found
to occur in many part3 of the northern Korala. The disease symptom bogan from
the tip or the margin of the leuPets and spread downwards in aconcentric manner.
Sometimes 10 to 17 leaves of g palm wore seen affected. In vitro studies revealed
that the cauia! organism was Pesta/osphjona elaeidis

To find ound a suitable control measure for the disease, Bavistin (0 1 por
cent) and Bordeaux mxtu'e one per cent)were sprayed after removing tho infected
leaves In the control plants, the infected leaves were removed, but no spraying
was given Ir was found that the above fungicides worn effective in checking
the d lease

Association of Fumago vaqgans

An epiph/r'C as ociation of the fungus Fnmign vagnnr, on tho leaflets of
a 15 year old roconut palm in tho Region,il Agricultural Research Pilicode was
nohred The Fungus wasf>und to occur as isoaty growth covering the dorsal sur-
face of tho md, v-du il len'lets Occurrence of the association before opening of
the leaves resulted in webb'ng together of the leaflets by tho fungnl mycelia The
association persisted In thos leaflet! till tho leal matured The fungi did not enter
rh* hour tusue to cause dime? rH.-ugo to the loaf A preliminary study revealed
that the extent of association varied from 0 to <0 por centof the loaf area There
was o reduction in chlorophyll content dun to this association and it varied from
3 to 30 per cent depending on rhn oxroni of association

Immature nutfall

Shedding of fem lie flowers |h Ptornj end imm durn nuts occur in coconut
do to various mis mis The problem was hr f reported in 1n?A from Pnrnmininn
nd Chahisery areas of the erst while Cochin shit* Sim * il resembled the Mahnli
ot are’camn’rﬂ §%\fﬁb€H regpects it w *s celled as Mah ili disenie at that time
Aft,r iho iiMUiual hnwy r.uns m Aiiyinr 1023 r°[>nrl» of milfnll wnrn rai.mvod

. r.iiros in die Ponnam anfl Valluvnhnnd taluks also Nuts ol nil
frnrn vanno j .
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lizes were found to be shed 1heir stalk bud were di»< oluured U du”oiojia

turn extended upto tho point ol attachment nf die mllon eex s fj* |y
fallen nutu showed d whitish yiowih of the fungus ovur ihe *»' . | . Ifni
growth consisted uf tho mycelium and sporangia ol ihu lunyu ?F'ht r>jjhiitotb hp,
causing the disease On breaking open n fallen nui th* uJ=* « JsoM nd
rotten in patches lhu kernel c¢ji the affected fro I we also iott* A'l/ll(ojjhfhc/fa
3p was huer isolated from the dun oloure | pal’ * a.d J '
tfl it the fungus Wes identical Willi fJ ftaltmvuttt ftla

In order to identify the role of the fungus ir <. icmcj imr ,atjre bullon
shedding an experiment win conducted during 1979 Hd /it Hd codr. A total
ol 'l palms with severe hutlon shedding w«a m «cO'd  *fn shi.-d buttons were
collected evury day and pathogens isolated in P 0 A and Hyfc acr Agar The
isolated organisms were identified 'and inoculated for studying Itie 1 'rnptoms
During tho course of study in 1985 Pestulotm sp was constantly <S ded from
shod buttons of coconut cv Now Gumoa. Pathogenicity s'udiet on ddferei t cuiiivurs
revealed that the pathogen could mfoct the host only through wounds and the
spread of the disease was low Botryodipfodm sp was a so r*o aTd from shed
buttons and tender nuts.
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CHAPTER 9

Coconut Based Farming Systems

1 P S Nambiar, P K. R. Nambiar and K. C. Rajan

Multiple cropping with coconut as the dominant component has a long

tradition in Kerala State. However, only in recent years scientific investigations
have been initiated on its ecological principles and ways ol management and
economic returns. The research work on multiple cropping carried out at the

Regional Agncu *ural Research Stations Pilicode. and Kumarakom are presented in
this chapter

The earlier trials at Pilicode were mostly confined to screening cereals,
millers and oilseed crops *n the partial shade of coconut palms with the ultimate
objective of increasing the net returns from the coconut gardons. Later, long
season crops like cassava, banana, ginger and pineapple and perennial crops like

pepper, c icao rind cinnamon were introduced in the system. All the crops were
grown under rainf*d condition

Intercropping

In a feasibility trial undertaken during 1942-44. upland rice, cumbu. ragi,
varaqu. s-imm. and cesamum were grown in small plots in the interspaces of
coconut cv West Coast Tall and the yield data gatherer! Tho performance of
sesnmum was poor (77 kg per ha) probably due to heavy rainfall during the
growing Season The upland rice gave a gram yield ol 780 kg per ha. Tho most

promising intercrop* was var :gu with a grain yield of 131 1kg per ha. Nono of tho
millets recorded grain yields ahoye 290 kg por ha

In another trial conducted during 1943 44 three fodder grasses, thin
napier, ordinary n ipier arid guinea grass, were Yyield to .led in the partial shade ol a
middle aged coconut garden  Tho best yieldm was Him nai>ior (20.200 kg pm ha)
find it was Significantly superior to the other two grasses

The economic feasibility of raising short mid lung season annual crops
in a middle aged coconut gnrrleri (cv West Coast Const Tall) was investigated
or Pilicode during 1978-79 The intercrops were elephant loot yam, turmeric,
ginger cassava, sweet potato and colncasia All those crops wore planted at tho



onsut ol the Souih Wijl IIIOISOOIlI M.iy luiil!) It il p’ Jollil2iPL  1sf 1 *cf
potato and ioli* a wjS poor 1hi: otfti <nI'b 1<JbPnd bPi 1/ tdb
(Lhlilu9 1)  Tin injxhiiijin |.reif t r.ts re iiv*fl from iineMiix iFi . of [l 1 ni
billowed by i iss> i (H* 1'dop rhi

lihlu 9 1  ticld perMini,ii u Ll irip:r if i~ hi <*=<o,iii guid* Ii |

luh* i yir Pi 1 *p’ nd'PJi He sii* ™Mlie 13t TfCPI -+ 4
Tip 1i wp (Idho (H» h.i) {1i Ini) A Kb ()

1f e /Ii.i)

Llephuiil PiOl y.iln 6J >0 3b03 3111 e -iOB

TUl (lilt | MMA 1 07::9 0032 259 7

Ginger 2*170 on /o 7230 011

Sswm | pot im 983 ¥/ ¢ 11/ \{ii:t H

C.P-IMV.1 13873 2/00 V)0b P1200

| oluc.i'il 1 333 30/0 100 607

An vl liijaliuii was c*>m)m ImJlalnilOu>uoud y * < ." du iL 1 r1jj< ludrn

soil) .mil N1Iblw I (rjrd sandy Inaiig during 1'*7¢ 79 M "O it f i n.-si jil,.ble
Variety of ban.mu for inte r' nipping in coconut g rd»rs fin- .ragi. ¢ ni» 1lware
robust..!, nondr.in, nliJlipuovan anti pul siyjmkod.ih  Th.,* bod ,'O*r t Pihr.ude was
robusta (9.0 kg pur buridi) fup.lui g i gmv. income of R, 11 f«r 3 Kh i thu

then prevailing pne of It.. 121 perlj ol frut Pulj/ uTo tor thu [lift of
varieties in yicillpurfoimuiicn it Milfldi.vir (11 6 kg pur bur <hj « 'y followed by
nhalipoovan (10 5 kg per bum h But tho highest returns /»*r o00TaneJ from the
variety robust,] Ilhu gro”s income from pilayarnl orjan was Fs 11 1p. r bunch
(Table (Table 9 2). Thu variety nundrun failed to ijivu any yield

Table 9 2 Performance of banaiirj varieties in the partial shade of G-"or.ut garden

Variety Bunch weight (kg) Gross ireome Rs Bunch/
Pilicode Nileshwar Pdiccde N.itshwar
Robusta 90 99 113 12 1
Nendran 38 — 5 7 ]
Nhahpoovan 37 10 5 4 6 90
Palayamkodan 8 0 11.6 80 11.1

» the sale prico varied wilh vjrioiy

In a similar study conducted in the reclaimed alluvial soil of the rReg'Onal
Agricultural Research Station, Kumarakom. Palayamkodan was found lo be the
most suitable variety for intercropping in coconut gardens. The trial comprised of
four varieties (nendran, monthan, padathy and palayamkodan) and three ratooning

systems (retaining one, two and three suckers per hill during the second and third
years).

In the yield performance during the first year monthan and palayamkodan

were on par and significantly superior to the other two varieties. This trend was
followed by the ratoon crops also. Here, the maximum yields w'ere recorded when
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three su”ke-s were retained in each hill during the second (first ratoon) and third
(second ratoc /lears (Table 9 3). Although the vyield per unit area was the
hioHesi w re lecond ratoon rthird year of planting), it led to a reduction in the
fruit size « ereby reducirg the market value of the fruit Therefore one ratoon of

palavar odan wirh three suckers per hill was adjudged as the best intercropping
system for the reclaimed alluvial gods of Kuttanad.

Table 9 3 Bunch yie.d (kg ha) of banana varieties as influenced by ratooning
systems; atlu/ialsn4, Kjymzr2*nrn

Plsnt crop Variety CD
ratoon rop TJendran Monthan Padathy Palayamkodan (0.05)
Plant cr .p 14996 35049 25813 32934 variety
(First year 6012
First ratoon crop

(Second year, variety
1 Sucker h»ll 11591 29263 31604 34244 9043
2 Su kers h.'l 209 2 49406 54116 52400 Ratoon
3 Su-kers hdl 34153 78145 59233 3689:1 7785
Mean of f rst

ratoon rrop 22235 52571 48335 57346

Second ratoon variety
1 Sucker h 9636 16970 13061 22349 4476
2 Sucker Till 12597 27322 23936 30631 Ratoon
3 Suckers h i 16796 43867 33243 51394 3376

Mean of s»\ond
ratoon .'Op 13010 29336 23413

Mixed cropping

An 0*00ranas< rjm» i rm/f d cropping ol cacao w.is initialed ill Pilicodn
in the- vn.ir 19 )0 Mrl/it. in?liimu.ii on Illm v'olnl perfmm;men ol commit under
r,iinf<el r.onr) fioi . fOo" o' »nri;j mihn.il lor Iliu Mtuly w-n- nlil.iire<U loun
Lonrl.isJ r1I .M Ef r in 11ill/. | Tl.fr O woff u.-.tur.il hvlrn.h ol F..rf,t -m nnd
Criollo Th J-n f Jy.ia, Iml mil «» .1 mini Irltn.k <Im;i.|lit with Thmo
Cor itmant > imlomoint roslcare ifi >om 'n + tor inn om0 montii i1 ol lliruo winfll.r rows
of Rin'v n o a0 i J)nomas i > B opianted in Hid centre
pirms it 1 SO inop OfF 5 i Thom war® 2.5 ammilimfi m tins 1i Mtmondl hou
rrnarni rii ittty e vedflace e e G e o
nt i snr mi of i Q5inin 'he tri in |ulur s/stern ol pinnlin. | | horn worn .18 soedlmgs

in this fre jtmpnt

rne [I],Jf a0 seedlings wnro planted in a 50 year-old coconut plantation
IMr West Co.isl f.ill) spar.erl ni 'Ini x 9m Hie commit arul cacao were manured
separately an per Hi* <f t**-"™>* ror.ommemlationa
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Coconut O5kg N. 03?7Kq P.O and 120 h, KO p>i pihu pur > i

C.ic.10 : 010 kil N, 001 Imj I-mj ami 0 1114 KO pir . edlm jpiiylo

Them was ini si'‘imfir.mr dnfuM-m e bi-twei n tin- !.. * Vv 1*or. <d ph.ming n,
the number ol pud , p. r p| mi (l.ihli* pel) nhvmusl/ I»» austj the pi ihP. wm ywll
spaced However in phi ha yield lie dJijijljle* hedge )y Pin Wti® Mgndn ihlly

supeiior in ihe tingle ii*dye system owing in iiuiiily double thu nnmbuf ol pi nil ii
tliu loimer

Talilo 0 .J Yield »hu nii<i ul tax m plmmd ,is mi*>d «(Op with ror onu!

Number of 14 | plill it We igijl uf di/ beans (kg It.9
Year
Single hedge dmibli hedge 1.ingle hedge duubb hedge C D (s 05)

1976 171 19 4 146 9 934 1 140 s
1977 36 9 36 295 | 614 1 2 84
1978 21 9 21 e 186 8 314 0O 1r0 8
1979 11 9 14 4 94 0 248 6 120 3
1980 18 2 20 4 163 8 43r 4 201 9
1981 17 3 22 2 146 9 231 3 190 6
1932 15 9 18 9 135 1 323 5 147 1
1933 16 9 18.7 143 5 319 9 104 7
Mean 19 3 21 4 165 4 377.6

Table 9 5. Nut vyiold (per ha) ol coconut cv. West Coast Tall as influenced by
mixod cropping of cacao

System of mixed cropping with cacao

Year
Single hedge Double hedge No cai
Pre-treatment yield 7208 7484 2449
Post-treatment yield 19"1 7800 7781 6817
1972 9081 8922 6523
1973 8344 9431 8423
197-1 7350 7403 8292
1975 8439 8911 8273
1976 7088 7386 6839
1977 12126 9628 9373
1978 8641 8261 10C05
1979 6820 7236 7019
1980 6491 5769 8081
igg; 2?;: 9446 9441
Loaa . 4475 6247
6610 8076
Mean 8090 7800 8108
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ire net returns from cacao worked out to Rs 2542 and Rs. 5880 per ha
under ; g e hidge and double hedge systems respectively. The latter system

thus prc* d to be more efficient in the utilization of available space and sunlight
m the coconut gardens

The data on the pre-treatment yield of coconut from 1965-70 and the post-
treatment /i&lds of coconut and cacao during 1971 -*83 were recorded. The results
showed that there was no marked variation in the vyield performance of coconut

over these thirteen years due to mixed cropping of cacao indicating the compatibi-
lity of cacao as a mixed croo with coconut (Table 9 5).

Multistoreyed Cropping

An experiment on multistoreyed cropping was laid out in 1970 at Pilicode.
The crops included coconut, cacao, black pepper and pineapple (Table 9 6). Cacao
was planred under the double hedge system Two rooted cuttings of black pepper
were planted n the coconut basin. GO cm away from the bole and later the vines
were trained on ro the coconut trunk. Three rows of pineapple were planted in

between palm ro/<3 The different crop species wero fertilized as per tho package
of practrcea recommendation.

The resuhs showed that a maximum profit of Rs 17,430 per ha could be
generated from the multistoreyed cropping system involving coconut, pineapple,
cacao and black pepper Tho coconut-kcacao cropping system was also almost
equally product've yielding a not return of Rs 14300 per ha. Against this, tho
monocrop of coconut registered anot profit of Rs. 6050 per ha only (Table. 9 6)

Table 9 0 Economics of multistoreyed cropping

Crop combmahon M and ays pur Total uxpondituro Not profit
year on cultivation (Rs per ho)
(Rs por ha)
Coconut monocrop 220 3500 6050
Coconut 4cacao 300 0200 14.300
Coconut T-oirao 1
pineapple 4 pepper 7520 17.430

Tho multistoreyed I/stem r'lpnifmt'j the most intensive typnof land mnnn-
gement in cocoMli blgmié)ﬁlg s SY" »", degends, however, on the timely availnbi-
1My of inputs and other resource*
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CHAIM I R

Economics ol production snd

IVUirku tiiuj o1 Coco mui

V niiclh<dkiisliini S I* Premaja

Coconut is grown in almost <ll the small and tm/ ho'dmg thiuughoul the
Iltmgth end lirurii.illi of Kerela Even in liny holim'P. it I- -'-omm.rr il
crop Tim economics ol production mid nnrl'uling .wp!'“m of '»w.' »",| ilmnfoie
assume importance However, not much studio, hive 4=asr o-.ioe* v. Mi r. ~pu-.l to
these aspects in Kerala

Economics of production

A study on the costs and return ,in coconut cultivation m Calicut di£lnct
was undertaken at the Collage of Horticulture, Vellanikaru during the yr' * 196h-bh.
The data for the study were collected hy personal intervie/, melt." d b:scd on a
well structured interview schedule from a virnplo of 120 coconut cuhivatc r*. The
sample was selected by three-stage random sampling with pencil vr
unit, panhayat ward as second stage unit and coconut cultivators as th rd stage unit.
Tho panchayats selected were Qmlandy, Chengotlukavu. Feroke,
kulam and Omasery. From each pnnchay.it, two wards were selo*
and ten cultivators were selected from each ward. The average sere of the sa”f/e
family was 6 Gand 60,8 percent of the sample farmers had 5 to 7 members m their
families  Almost all tho sample farmers were literate  Most of the families in the
sample had more than one occupation. Only 25.1 per cent of the total respondents
were puie agriculturists. The total family income per annum of most of the respon-
dents came in the range of Rs 5000 - to Rs 15000 - An analysis of the cropping
pattern revealed that a major percentage of the cropped area was devoted to the
cultivation of coconut. Tho other crops of Iimportance were nee. erecanut and

banana  Most of the coconut holdings were rainfed and only 7 per cent of the
gross area under this crop was irrigated.

The data on costs and returns on coconut cultivation were collected for a

period of 16 years from the year of plant ng as sixteenth year was regarded as the

period of yield stabilisation. The cost of cultivation per hectare was calcu aied
based on 1985-86 prices
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The torcost of cultivation for 16 years was estimated to be Rs 91,311 -
fcr the diitnct (Table 10.1). The major item of expenditure was human labour
constituting about 50.5 per ce~t fRs 46.1 00 -) of the total cost. Maximum number
of abouri-ri were engaged during the first year of the crop The total labour requi-
rement for 15years WcS‘1844 man days per hectare. During the steady bearing
a‘'age labour contributed by family members cama to about 41 3 per cent of the
totai abou- requ rement.

expen i.lure on seedlings was Rs 1913 - The materials for fencing,
shading and mu chmg accounted for 4 1 pur cent (Rs 3767 -). The expenditure on
fenilis rincluding farm yard manure accounted for 24 2 per cent (Rs 22058 -) while
that of p'ant protection was 5 1 per cent (Rs 4636 -).

Harvesting charges were incurred from the oighth year onwards and these
amounfed to 9 9 per cent Rs 9040 . The cost for various tools and implements
including rep* cement and maintenance charges accounted for 0 71 percent
o- t j totj* ;o-,t LnJ fix account *d for 0 18 per cent (Table 10 2). Tho cost of
bringing the-4' ’ation upto be .ring stage or the total investment cost came to

Rs 33 773 -p r hj | th* exp nlnure from th) eighth year onwards or tho
rriinten me® 1 . me ro Rs 533 - per ha per year

CoM-OH s* rt> velding from the eighth year and tho yield gets stabilised
by th-) s <« n/jJr jf «mtnq Steady yield would continue upto 50 years and
thof!*a ~°r r jry d m ev dor.llno The average annual production of nuts per hectare
durmg rhe v dP 1 peri | was #restimatcd as 10 049 Ihocost of production por
nut worked oi! 9 Rs 1 02 iTable 10 3j.

For v  crtng ther.turnsfrom coconut ruluvation, the average farm gate
price for nu* dcp ,d he you 1983-84 was considered due to the fact that the farm
nato pr cf. r.f rajf , for 3135 and 35-30 woro highly wunusual. The estimated net
rorurns on investment per ha per ye ir came to Rj 13835/- (Tablo 10.4) leading to a
benefit cov rPio of 14

Too r %source u .e efficiency uf yielding coconut plantation was studied by

fitting , mnlopl® I rer productmri function The results showed that the ago of
p- libour rnird.vyv fertilisers anrl pi mt protection were the factors influencing
the gross mcom- fr-.m a coconut garden
Esom jrRfl cost nf fultivation of coconut per lian Calicutdistrict
Table 10 1
tape of the *rop Cost (Rs ) Percentage to total
lear
2 3 4
1 Planting 11940 13 08
t 3305 3 09
2 35 M 3 85
3 4008 5.05
A 5114 5 00
S 5114 5 60
0 Flowering ol 14 5 00
81 Yielding 5730 028
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Table 10 1 Conld

H 1)

i 23
9 Yielding 6779 -

10 0814 r
11 0823 (, 80
12 6804 0 42
13 ‘.'882 O 44
14 68 2 0 44
0 44

Ib Sin.iily liitiifmg 6882

10 0082 6 44
Tolal 91311 100

Table 10 2 Break up of the total cost of cultivation for 10 year-

ltem ol expenditure Cost <P* ) Percentage to total
Human labour 40100 60 49
Materials for fencmn* shading mid mulching 3707 4 13
Seedl mgs 1918 2 10
Fertilizer including farm yard manure 22056 24 10
Plant protection chemicals 4G3G 5 08
Harvesting charges 9040 9 90
Toolb and implements C50 071
Land tax ICO 0 18
M isc”l Ipopoub 2982 3 27
Total 91311 100

Table 10.3. Estimated cost of production of coconut Rs/ha) in Calicut

district
SI. no. Particulars Cost <Rs;
1 Investment during estabhsment of plantation upto beanmg 38773
2 Compound interest on investment at 11°0 (1-7 years) 24199
3 Total investment 629- 2
4 Annuity value (share of total investment to be adjusted
over aperiod of 48 years) 6793
5 Annual maintenance cost 5853
6 Total cost per hectare per year 12646
7 Income from dry leaves and petioles per year 1374
8 Net cost of production of nuts per hectare per year 11272
9 Average production of nuts per hectare peryear 10049
10 Cost of production per nut 1.12
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abL ,0.4 Est mated returns from coconut cultivation, Calicut district (Rs ha/

Y*ar)
no Particulars Distr.ct
. Farm-gate price of coconur per nut 2.36
2 Coat of production per nut 1.12
\J Ner return per nut 1.24
4 Average product'on of nut3 10049
b Net return from nuts 12461
6 Income from dry leaves and petioles 13/4
7 Net retjrn on investment per eectare 13835

Marketing

Qn'y t.vo studies h3ve been undertaken in the Kerala Agricultural University
with respe”r to marketing of coconut. The first study was conducted during tho
period 1934 -So wusing primary data collected from a sample of 150 coconut

farmers in Uahcut d strict village traders traditional millers, market intermediaries
and rill major o I mills in the district

Trie study revealed that almost all the farmors sold tho nuts as such on
the farm its df to copra markers in the locality @ As much as 90 per cent of the
farmers fel!t t 1r. toe price tuey received w is com nensurate with tho ruling wholesale
prices The following four marketing channels were identified;

Farmer copm maker oil miller— rutailer—commissioner

Farmer copra m jker -oil miller commission agent -wholesaler — rotdilor
Farmer copr.i maker oil miller commission agent— industrial user
Farmer oil mailer wholesah r -consumer

N WN

The stud/ showed the markets for coconut arid oil to bo very well integrated
and the structural char r tenstic/. ol the market, were not bkoly to adversely affect
market conduct to the detriment of the farmer

During the period 1934 'ft/ acomprehensive study covering the entire
stare was und >rrake,i Fir objectives of Him study were to mvestig ite the marketing
prar tires and problems structural characteristics of the market rnaiketmg i osts and
margins market integration, spatial price differences temporal piico differoncoB

etc

Farmers h invested mature nuts nrid sold them in the form ol nuts Only

2 5 per r'ml of the total marketable surplus was converter! into copra by tho

simple farmers themselves Exception, to the practice of selling unhusknd nuts

noticed m Trichur .and Frn ikulani districts The predominant motlind of

r"Hio \ nuts w 1»d.spu .mg them off at the farm itself, convenience being the mam
re rrjn attributed to tins
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Hie predominant first buy«ri uf coconuts wum copra mafeis
from 80 per cent of thu lutul sample furmeib 'Hie other buyum were oil 1icra
village merchants, cu npeiutivu* etc lhupncului nuts in Pm majmity ol
was arrived at, bused on thu wholesale m uki t piu cl. of oil nmJ <upra

Four main m.irkelinij «liriuiiels weie identified for c jcouuin in the state Fiiey

who bought

we'd

Funnel copia in,ikm m | 111124t

Farmer copra maker oil niillur wholnS.di i

1

2

3 Faimer copra in 4ui oil millur n hiilm
4

Farmer nil 111idnr inlailui i ohhiimei

in Mtudy showed lit it the in ijor coconut uuri'o’s outside

1011 fij b2l 1ti 1ijih
«onsumtr

eUnsurner

Bombay, Cilcuttu and Madras w»u*vnry well r t«shjr.it»]
could he obauivod among the market , in Km.ilo ulvi. jV  Cochin,
Calicut. At thu retail level, nid.it thu village lovul ah o (

to btj wall miuiimiud with the whole >.ile prh.i a
price vory well reflected in thu m ijor Kerala marketi

the line lo tho farmer's and to the retail level.

Marketing costs and margins

The district ewise d .hi on marketing cost and margin
The m. rgms for
fronRs 30 to Rs 31 per 100 nuts Tot il rnir j

10 5a 10.5 b, and 105 r

Allopptjy district to 23 0 p-*r cunt inCannanurn

| lie

.onut ji

winch i t rn

sjles within

re n

rn is pruportiJdr.
from whulusalu price of lirnk, sh”ll, o,l and oil ¢ ike ringed fr nn 10 3 per » t in

district
cost of buyers of coaonut w is aroun | R; 12 to Rs 13.

ranged from Rs 0 16 per kg to Rs 0 20 per kg of coprj

Trie.i-.r.ge
Til j copra crushing charges

ihe
Near jn rf»e t

th * sTv

slat* vil/
irdeqr non
Alhg pey «nd
*» wife observed
"'h uig«"> ui Bornnay rnarkel
rbflectud down

m T jbles

r*'ged
?,.1jn

mjrrehng

Tablo 10 5 a Average marketing costs and mirqins for coconut (RuD”es per
hundred) upto the stage of wholesale of oil locuhy in tne districts
of Alleppey Ernakularn and Trichur during March Aprd 1984
Si. Particulars D strict
no. Alleppey  Ernakulem Trichur
1 2 3 4 5
1 Cost of coconuts paid to farmer 311 36 305 32 304 37
2 Marketing coats of buyer 12 58 13 02 13 33
3 Total outgo of buyer (1 R-2) 323 94 318 34 317 70
4 Total realisation of buyer from copra.
husk and shell 351 52 368 70 372 77
S Net margin of buyer (4-3) 27 58 50 36 55 07
6 Cost of copra to miller 329 07 355 60 366 47
7 Marketing costs of miller 2 79 2 96 3 68
8 Total outgo of miller 331 79 358 56 370 15
9 Total realisation of miller from oil ane cake 326 69 364 96 378 97
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Table 10 5a

Contd:

<1) (2) (3) (4) (5)
10 Met margin of miller 19-8) 5.10 6.40 8.82
11 Total (grosij marketing margin 37.78 72 74 80 97
12 Percentage margin (item 11 as percentage
of va:ue of husk, shell, oil and cake> 10 82 19.24 21.00
13 Total net margin ritem 13 ai percentage
of value of husk shell, oil and cake) 6.44 15 01 16 58
15 Farmers share (per cent) 89 18 80.76 79.00
Tab'e 105 Db Average marketing costs and margins coconut (Rupees per
hundred; upto the stage of wholesale of oil locally in the districts
of Milappuram. Calicut *nd Cannanore during March-April 1985
S| Particu ar3 District
o Malappuram Calicut Cannanore
1 Cost of coconuts paid to farmer 215 93 229 21 189.61
2 Marketing coVsof buyer 16 20 17.13 12 93
3 Total outgo of bu/er (1 * 2j 232 13 246 34 202 54
A Total reali ation of buyer from copra, 5 a4 75
husk and <Holl 257 38 86 67 '
5 Np?margin of buyer (4 3) 25125 40 33 42.21
: 269.34 230 00
g Cost of copra to miller 236 71
1
7 Marketing cosm of miller 2 53 339 319
272.73 233 19
g Total outg * of miller 239.24
248 80
9 Tot il realisation of millor from oil onrd cakir 247 48 218 72
: : : 8 24 599 15 61
10 Met margin of milhr (9 i)
_ _ 57 22 hfj 84 73 94
11 Total fgross) marketing margir
12 p,jr/\-nt.igo marniri (item 11las porcnnlogri 1g 41 29 58 28 06
of / lion of husk, shell, n 1 anr| cake)
13 49 46 32 57.83
13 Total not margin
Perr.entngn net margin (item 13 ns per
14 o 12 49 15 65 21 94
entagn of value of husk, shell. °d cake)
80 53 77 42 71 94
15 Farmer ashire (per r.nnt)
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Table 10 5 ¢ Average marketing (obis and marquis bn m omit il-ipm j

hundred) uptu the stayu of whufut. il' of ml 1 11 VmO0" 1 n G
of RivHiidrum Uuilon and Koliiiymn dunny Ila ti apr,|l i njp#
S Particulars Oislik |
no. Tiivai 3Jruni  Quilon I ottuy.mi
1 Cost ol (oCuiuiis paid to faimoi 155 91 149 54 132 33
2 Miiiktttiny costs of huy» r 10 31 12 70 12 37
3 Total outgo ol busei (1 } 2) 172 24 152 34 194 34
4 Tot.il rii.ilr tiuon of buyer from
| Optit, llJsk lid sh.ill 188 75 190 50 202 80
5 Nut margin of Im\n (4 3) 1i. 51 23 15 8 4b
(G 1’0o\t of ropr.l to millri H.8 76 1 0 187 /2
7 M.ukrtmg ro is of miller 2 53 3 3/ 3/5
8 1lot if outgo of miller 1/1 33 166 8/ 190.98
9 Total faults mon of miller from uil
and cuke 159 158 17 197 41
10 Nut margin of miller (9 8) 2 25 125 C43
11 Fntil (gross) marketing margin 33 20 45 48 30r2
12 Percentjge margin (Mum 11 us p.im.-ntagu
of value of husk, shell oil and cuke) 17 56 23 31 14 26
13 Tot.il net margin 14 2b 29 41 14 89
14 Percentage mg margin (item 13 as percentage
of value of husk, shell, oil and cake) 7 54 15 07 7 05
15 Farmer’s share (per cent) 82 46 80 83 85 51

The farmers shnro in the wholes lie price ranged
Cannanore to 89.2 percent in Alleppey

the state showed net margins of millers t>be very high
ever, got reduced to 71 99 percent in this case

the peak level of production
a trough in

from 71 9 per cent in
Marketing margins for sales of oil out
The farmers, share how-

There existed a good deal of seasonality in coconut produc'ion, with

in Meenam (mid

Karkitakom (mid July to mid

March
August

to rnd
Coconut

April) and
prices a*so

showed a seasonal pattern with the trough in prices conoid ng with the peak in
production Coconut oil prices in Kerala, also showed a good deal of year to year

fluctuations.

The estimated net returns from storage of coconut oil

were negative

in some years and positive in most of the years during the 10 year period ending

1984.
price.

This was a sign of inefficiency in pricing

However,

Both negative and positive returns were fairly high percentage of
average

from storage losses for the 10 year period 1975-'84 were not excessive

148

purchase
net returns



One of the major inefficiencies noticed in the marketing system was the
existence of ra rly h gh net margins. One method to rectify this defect was the in-

o .ament of tarmers themselves in marketing, by taking up the primary processing
act vily of copra making.

Another problem adversely affecting coconut economy is the uncertainties
created by wide fluctuations in prices. Measures for stabilization of coconut and

coconut oil prizes need to be alooted so that the uncertainties created by the wide
fluctuations in prices can be reduced.

One serious hindrance to marketing studies on coconut or for that metter
any agricultural produce is the absence of reliable primary and secondary data.
Educating and encouraging the formers to maintain farm records and systematic
ger.oraTion of secondary data on quantities handled during different months in
d fferen? markers number and kinds of intermediaries and their market share etc.
through su tab'o marketing institutions and infrastructure may be of help.

Gerera'ly speaking coconut oil has been apremium oil With an increase in
product on of various oil seeds m the country in the near future, it is doubtful
whether th>s pos tion can continue for long. As consumers of coconut oil, even
coconut cultivators h ive developed price resistance Therefore, in the emerging
sd>iarion the major factor which could save coconut economy from serious pro-
blems seems to be the development of high valued coconut based products
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