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FOREWORD

This publication is the fifth volume in the PLACROSYM
series of annual symposia, covering all the disciplines of plantation
crops research held at Central Plantation Crops Research Institute,
Kasaragod. Like the earlier four symposia, this symposium also
provided a common platform to a sizeable proportion of resear-
chers and developmental agencies in the country working on diffe-
rent plantation crops to present their works and share their
thoughts with fellow workers. In this symposium, a total of
91 papers were presented of which 58 were oral presentations
spread over 7 Technical Sessions and the remaining were poster
presentations.

Eventhough plantation crops contribute signilicantly to the
Indian economy by way foreign exchange earnings, import substi-
tution, and generation of employment, it has to be admitted that
the attention paid to research efforts in this sector, particularly
in the case of smallholder plantation crops. such as coconut, areca-
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nut, cashewnut, cacao, black pepper and cardamom, has not been
adequate. The productivity of these crops and their declining
trend in recent years have become matters of great concern to rese-
arch workers and planners. In contrast to this, the production and
productivity in tea, coffee, and rubber have shown a steady increase.
All the same, the researchers in these crops used to have very little
chance for interaction due to the isolated nature of the concerned
institutes. PLACROSYM in this context is a laudable effort that
has helped to bring together researchers, extension workers and all
others connected with plantation crops industry, for consolidating
and exchanging available knowledge on these challenging crops.

During this symposium, a special discussion on*‘Mycorrhizae”
was also arranged for the bznefit of the researchers in this exciting
and new field. The participants had the chance to share the expert
views of Dr. C. L. Powell, a leading scientist in this area of research.
Besides this, there was a discussion on the prospect of establishing
a National Information Centre for Plantation Crops to promote
the dissemination of research results among the fellow scientists
all over the world for mutual benefit. A book exhibition was
also organized at the symposium venue.

Although the participation in the Symposium was satisfactory,
there has bzen a general feeling that ample scope existed for impro-
ving the quality of papers and standard of presentation. With a
view to encouraging high quality research and attracting presenta-
tion of high standard research papers, the PLACROSYM Standing
Committee and the ISPC Executive Committee have decided to
institute awards for the best paper presented in future Placrosyms
as also for the bzst article appearing in the Journal of Plantation
Crops. We are happy that the C. S. Venkata Ram Memorial
Trust has come forward to institute two awards, one each for this
purpose. It is hoped that these incentives will help to improve
the standards of research contributions in future Placrosyms.

K. V. AHAMED BAVAPPA,

General Chairman (Placrosym-V) and

Director, Central Plantation Crops

Kasaragod Research Institute, Kasaragod-670 124.
26 Nov. 1984
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INAUGURAL ADDRESS

Dr. M. V. RaO

Deputy Director-General, Indian Council of Agricultural Research,
New Delhi.

Distinguished colleagues on the dais, Ladies and Gentlemen,

I feel greatly honoured to be here today and I am grateful
to the organizers for having given me this opportunity to parti-
cipate in the deliberations of the Fifth Annual Symposium on
Plantation Crops, and also to interact with the scientists working
on various aspects of these crops. Those who conceived the idea
of holding periodical symposia on plantation crops deserve congratu-
lations since it has helped to get the numerous scientists working
on these crops on a common platform for discussion and review
of their research results. It is indeed very sad that the moving
spirit behind these symposia, Dr. C. §. Venkata Ram, former Director
of UPASI Tea Research Institute, is no more with us. We pray
to Almighty for the peace of the departed Soul.

The plantation crops in this country occupy around 2 per
cent of the total cultivated area, but earn a foreign exchange of
about Rs. 8900 million rupees annually which amounts to about
three-fourths of the export earnings of all our agricultural commo-
dities. Besides their importance in our national economy, this
group of crops have many features in common.

A perusal of our achievements in increasing the production
and productivity of the plantation crops shows that whereas sub-
stantial increase in production has been achieved in crops like
rubber, tea and coffee, in the remaining plantation crops, pro-
duction has almost stagnated. Even in the case of the three crops
mentioned above, the increase has been due to better cultural,
manurial and plant protection methods. The contribution of
improved varieties in increasing the production of plantation
crops has been limited, mainly because of the narrow genetic base
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available in these crops at present. Hence our immediate task
should be to diversify and widen the genetic base and have more
varieties to cover large areas. If we look at rice, varieties like
‘Jaya’, ‘Padma’, or ‘IR-26" occupy millions of hectares, and one
feels that we are sitting at the tip of a volcano, since, any time
a large-scale epidemic might occur when such a variety can succumb
to a new virulent race of pathogen. In wheat, for example, out
of 22.5 million ha, 8 million ha is occupied by a single variety
‘Sonalika’ right from Pakistan to Bangladesh. In plantation
crops also, we have examples of rubber and coffee, where whole
plantations have been wiped out by disease epidemics. In coffee,
it is said that nearly two-thirds of world’s collections have originated
from a single tree, and so is the case with rubber. Restricted flow
of genetic materials due to fear of introducing new pests or diseases,
particularly of unknown etiology has been the major factor for
this. In coconut, the narrow genetic base available in the country
has received the attention of the ICAR and, to ameliorate the
situation an expedition sponsored by FAO/IBPGR was sent in
1981 to the Pacific Ocean Countries in Polynesia and Melanesia.
Another expedition would be undertaken to Indian Ocean region,
and these efforts are expected to enlarge the genetic diversity in
coconut, considerably. The seedlings of these newly acquired
germplasm accessions have been raised in the Andamans where
a World Coconut Germplasm Centre has been started.

There is also an urgent need to collect and catalogue indi-
genous coconut germplasm, right from Goa to Cape Comorin,
and the Eastern regions of Manipur and Mizoram, as also the
Andaman, Nicobar, and Lakshadweep group of Islands.

It is for the younger generation to organize more expeditions
to collect the naturally occurring variability, not only in the above
mentioned areas but also in the indigenous biosphere reserves such
as Silent Valley forests, in all our commercial crops, including black
pepper. At the same time, systematic hybridization efforts should be
made to recombine the useful characters in the existing collections.
In black pepper for example, screening for. Phytophthora reaction
has revealed that while the disease incidence is about 45 per cent
in some genotypes, it is about 95 per cent in Panniyur-I. Perhaps
if we make crosses between genotypes showing low incidence,
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we might get transgressive segregation, or recombinants which
are likely to be more resistant than either parents. Such heterosis
could be elegantly exploited in these crops and fixed through vege-
tative propagation. Similarly, in cardamom the breeders
at Appangala Centre of CPCRI have induced mutants exhibiting
resistance to ‘katte’ virus and this also offers tremendous scope
for exploitation through vegetative propagation.

An assessment of the recent developments in Tissue Culture
shows that India has lagged behind other countries, owing to
limitations of staff and infrastructural facilities. There is tremen-
dous scope for exploitation of tissue culture technique in propa-
gation of crops like sugarcane, rubber, coconut, cashew, black
pepper, cardamom and other plantation crops, ornamentals, medi-
cinal plants, and so on. Realizing the importance of this field,
the Scientific Advisory Committee to the Union Cabinet has identified
Tissue Culture as a priority area. The ICAR is also seized of
the problem and proposes to convene a National Seminar
at CPCRI, Kasaragod in March, 1983, to bring together all the
experts from CSIR and ICAR Laboratories, Universities and private
sector, and identify priority areas and crops for intensifying our
efforts to give a new thrust to this exciting field full of potential.

Another aspect to which I would like to draw your attention is
the research effort required for breaking the yield barrier. For most
of the plantation crops we do not have precise data on indices like
photosynthetic efficiency, total dry matter production and method
of partitioning the total dry matter produced (harvest index).
In coconut, methods have recently been developed for estimating leaf
area and drymatter production as well as the harvest index.
Attempts have been made in the past for calculating the yield
potential and existing gaps, though in a purely tentative and some-
what speculative manner, in the case of coconut, rubber, cashew

record yield
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show the tremendous untapped potential in the available cultivars/
varieties in plantation crops which could be harnessed to take
these crops to much higher levels of productivity. One of the
constraints in achieving higher production levels in most of these
crops has been our inability to meet the ever-increasing demand for
elite planting materials to raise new plantations. Though commer-
cial methods of propagation are available, I feel that there is a
need for resorting to non-conventional methods of propagation
such as meristem and tissue culture for increasing the pace of
progress in this area to catalyse their production and productivity.

With regard to root (wilt), a serious disease of coconut with
which the farmer has been co-existing for the last 100 years, apart
from suggesting prophylactic measures to contain the disease
and prevent its further spread, we are now also definite about the
pathogen involved. We have to emphasize the management aspects.

The entire field of physiology of growth regulation is now
assuming greater importance, and in palms, in addition to morpho-
logical characters, the physiological parameters should also be
considered for assessing and predicting the performance of adult
palms. Preliminary data on some parameters such as chlorophyll
content, nitrate reductase activity and NAR, are available for
predicting adult palm potential based on seedling scores for these
characters.

Several commercial formulations such as Mixtallol, are re-
ported to have given 40-50 per cent increase in yield in vegetable
crops. Similar information on plantation crops is lacking.

With regard to Economics, Marketing and Extension, the
point of concern is that the farmer is not getting the right price
for his produce. The case of apples is quite relevant, where the
farmers of Kashmir, Himachal Pradesh and Uttar Pradesh get
only Rs. 0.50 per kg. whereas in Delhi markets we payRs. 5/- or
more. Hence, we need to evolve a system of price protection.

While reviewing the work on spices, we find that in crops like
vanilla and allspice not much has been done, and so is the case
with other minor spices. Cess Fund Schemes of ICAR can be



thought of if these are not included in the regular Plan budget.
Similarly, there are a number of under-utilized plants such as
Guayule rubber for which there seems to be good scope in Haryana.
As regards oil palm, it remains a big question still, whether India
should go in for this. Malaysia has an ideal rainfall distribution
for oil palm, unlike Kerala which has 3-4 months of drought.
Moreover, 'it would be disastrous to destroy the forests in
Andamans for planting oil palm. India with its vast potential
in traditional oilseeds, including coconut, need not go in for oil
palm, at the cost of destroying our valuable forest wealth.

I have briefly presented before you some of my thoughts
on the problems requiring your attention in the hope of stimulating
further thinking and discussion during this Symposium.

I have great pleasure in inaugurating this Fifth Annual
Symposium on Plantation Crops, and 1 wish your deliberations all
success.



'KEYNOTE ADDRESS
PLANTATION CROPS REASEARCH-PRESENT AND FUTURE

Dr. K. V. AHAMED BAvAPPA
General Chairman PLACROSYM V, and Director CPCRI Kasaragod

Placrosym Delegates, Ladies and Gentle‘men,

Plantation Crops are cultivated over an area of 2.97 million
ha in the country. In most of the countries where plantation crops
are cultivated, thé percentage of small holdings ranges from 54.6
per cent in the Near-east to 71.1 per cent in the Far-east. The
average holding size in these countries is in the range of 0.7 ha
in the Far east and 2.7 ha in Latin Ameérica. In India, a good
proportion of holdings in the plantation crops sector are marginal
to small in size. (Table 1). Homesteads which constitute a sizeable

Table 1, Distribution of holdings by size*

Crop Holding size No. of holdings Percentage
(ba) )

Tea <5 ‘ 11,292 86.1
 5-50 608 4.6
50 ' 1,217 9.3
Coffee - <2 32,653 73.6
24 5,646 127
>4 6,080 137

Rubber <2 1,10,340 85.95
2-4 11,210 . 873

>4 6,868 532 .
Coconut** <1 S 899
: ' 12 S = 7.9
>2 — 2.2

*Bavappa (1976)
‘#*Kerala State



proportion of such holdings have already been mix-planted indis-
criminately with various tree species. Such unscientific planting
has resulted in overcrowded stands in millions of homesteads all
over the tropical countries. The mid-country of Sri Lanka where
diverse species are planted in such gardens, are rightly called
“Forest Gardens”. In these gardens, the production levels and
net return are poor (Mc Connel and Dharmapala, 1973) due to
mutual competition and wrong choice of species. In the prevailing
context of changing social outlook and land policy, these home
gardens have a totally different role in the farming systems of these
countries. Many of the families have no other land to farm or
other sources of income to support them. In addition, the new
‘home-farmsteads’ ( small farms where the farmer has also his
house in the farm as distinct from farmsteads) which are being
established under different settlement programmes in limited
areas of land per holding will invariably have to support a few
heads of animals and poultry thus forming a micro plant-animal-
human ecosytem. In most cases, the only source of income of
the farmer will have to come from these small holdings.

In India, while the production and productivity of cropssuch
as tea, coffee and rubber grown on an estate scale has shown con-

siderable increase during the last two decades, production and

productivity of other plantation crops like coconut, cashew, cacao,
cardamom and pepper have remained static or even shown a

downward trend during the same period. To check this trend
L] Y ) : : oo

of ow srodiction a2 wall 82 for inaveasing the mraductivity of
the small and marginal holdings and making them viable units

of production, there is an urgent need to evolve production techno-
logies suited to such situations.

Concepts in maximising production

The concepts of production could primarily be based on
energy on one side and income on the other. Since conversion
of energy into biomass is the primary function in any production
activity, a critical analysis of this area is worthwhile. This will
mean that the production components such as land, air space,
inputs and time dimension will all have to be considered together.
It is also necessary that in the place of one crop per unit area and
time, more crops are planned to be raised either in sequence or



together. Therefore, it is essential that a clear understanding of
the optimum exploitation levels of the above basic components
by a crop community alone will enable maximisation of production
through this pathway. Biomass in terms of the present context
of the small farmer should be capable of providing food, fuel,
fodder and timber in additon to being income generating..

Compared to annuals, perennial plantation crops offer better
scope for maximising production per unit area. These crops if
chosen on the basis of canopy and root architecture and space
appropriately, can make better use of the soil both in the hori-
zontal and vertical planes, and air space to greater heights, inter-
cepting solar energy at different strata of the crop canopies, and
producing much higher quantities of biomass as well as higher
income. ‘

High density multispecies systems with plantation crops

Attempts to raise high density multispecies cropping systems for
high biomass production and high income generation have been
found to be promising in Sri Lanka. One such system suitable for
lower elevations with 13 crop species was laid out with large canopy
crops such as jack, breadfruit, avocado, mango, coconut, nutmeg
and clove planted 12.2m apart. The crops with medium canopy
viz. papaya, arecanut, lime, banana, pepper and coffee (robusta)
were planted at a spacing of 2.44 X2.44m in between the large
canopied crops. San Ramon coffee plants having small canopy
were planted at 1.22 xX1.22m spacing, the total population of plants
planted being 3606/ha. Among these crops, while jack, bread-
fruit, avocado, mango and papaw are mostly for home needs,
coconut, lime and banana will meet both cash and food needs of
the farmer. Similar high density cropping models are also available
for higher elevations with coffee, pepper, coconut and other crops.
Models for homesteads with crops having different root and canopy
architecture and ability to stand varying moisture conditions have
also been developed (Bavappa and Jacob, 1982).

Economic analysis : :
Economic evaluation of the results obtained in Sri Lanka

and India has revealed that the return from plantation crop mixes

are many times more than the returns from the sole crop. In Sri

if



Lanka the net return per hectare of tea mix-cropped with clove is
Rs. 57,464 as against Rs. 5,900 from the sole crop of tea, Rs. 46,500
in the high density multispecies cropping, and Rs. 17,493 in coconut
and cacao as against Rs. 5049 from coconut alone. InIndia,while
the monocrop of coconut gives Rs. 5625 net return, mixed-cropped
areas of coconut and cacao give Rs. 17,610 per ha. The economic
advantages are thus apparent.

New research areas

Research efforts are required for understandmg the root
and- canopy architecture of different crop. species, PAR profile
of the system, and energy input and output. Studies on the canopy
of different species should include inter-plant competition
among component crops keeping time dimension as an important
factor. The component crops will have to be screened for their
sensitiveness to low.PAR availability and also amenability to
canopy management through pruning. Studies on energy input
should aim at understanding the needs of cultural energy such as
tillage, fertilizers, irrigation and plant protection of the entire
system, While there are strong indications that considerable saving
is possible in the input of energy in a high density crop community,
this has to be quantified. Indeed the prospects for adoption of
some of the practices like zero tillage in these systems is very bright.

A critical assessment of the self-generated energy of the system
and the accompanying favourable soil and climatic changes require
continued monitoring. A simple system like coconut and cacao had
prompted the growth of free nitrogen fixers, phosphate solubilizers
and growth promoting fungi (Nair and Rao, 1977). There are
also indications that mixed cropping favours:mycorrhizae which
can suppress plant pathogens, thereby reducing the energy require-
ment for plant protection. The energy output from the system
can also be enhanced by extra system- exploitation. Studies have
shown that by-products of cacao can be used for biogas generation,
and also arecanut husk and sheath for growing mushroom. After
degradation, these could be used as cattle feed and manure. A
critical economic evaluation of the inputs and outputs extending
over decades is also essential. A highly multi-disciplinary approach
is, therefore, necessary in this v1tal area of plantatlon crop. pro-
duction. SR
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QUALITY OF CARDAMOM ARRIVING AT SOME
IMPORTANT AUCTION CENTRES IN KERALA

C. R. S1vaDAsAN, C. KUNHIKRISHNAN NAIR, and P. K. ZACHARIAH
Indian Cardamom Research Institute, Myladumpara, Idukki 685 533. Kerala

ABSTRACT

A survey was conducted in three important auction centres of Idukki
District during 1978-79, to assess the quality of cardamom with regard
to litre weight, size of the capsule, maturity and thrips attack, Size,
maturity, and thrips attack influenced the litre weight. Multiple re-
gression equation was worked ouf correlating litre weight with other
quality determining factors. Effective control of thrips and sufficient
care in harvesting will greatly help in improving the quality of saleable
cardamom,

INTRODUCTION

For quality assessment of cardamom, the Government of India
has prescribed specific standards under the Agricultural Produce
(Grading and Marketing) Act of 1937 known as Agmark Grades.
Detailed specifications were prescribed based on the physical
characters such as colour, size, density, moisture content, and
physical deformity. Size, colour and density depend on harvesting
and curing. The present study was taken up to evaluate the quality
of cardamom produced in different areas of Idukki District, Kerala
which is the largest cardamom tract of India.

MATERIALS AND METHODS

Cardamom, Elettaria cardamomum L. (Maton), samples were
collected from the lots brought to auction centres at Vandanmettu,
Parathodu and Santhanpara in Idukki District by planters from
neighbouring areas during 1978-79 season. The litre weight and
number of capsules per litre were determined. The capsule size was
assessed by sieving through sieves of 7, 6, 5 and 4 mm diameter,
and by weighing the fraction retained by each sieve. These fractions
were further examined to find out the percentage of thrips-affected
capsules and immature ones.



RESULTS AND DISCUSSION

Litre weight was positively correlated with percentage of 7 mm
capsules and negatively correlated with percentage of thrips-affected
capsules, percentage of immature capsules and number of capsules
(Table 1). The correlation coefficient between litre weight and per-
centage of immature 7 mm capsules was found to be 0.678 and that
between litre weight and thrips-affected 7 mm capsules was -0.396,
both being statistically significant.

The multiple regression equation correlating litre weight and
other component characters was worked out as:

Y=589.09-0.0394.X1-0.4840X,-0.3560X3-1.1656 X4

where:
Y =Litre weight
X;=Number of capsules
X,="9% 7 mm capsules
X3="{ thrips-affected capsules
X4= 9% immature capsules

The standard errors for coefficients and the levels of signifi-
cance are given in Table 2. The coefficient of determination (R?)
of the function was found to be 69.3 per cent.  Therefore, about
69.3 per cent of the total variability in litre weight could be
explained from a quantitative assessment of the various characters

studied.

Table 1. Correlation matrix of litre weight and its component characters

X1 X2 X3 XQ i X5
X1 1.00 '
X3 0.743%* 1.00
X3 0.678** 0.877** 1.00
X3 0.396** 0.352%* 0.404*%* = 100 3
Xs 0.773%* 0.715%* 0.740%* 0.308*  1.00
(** p=0.01) (* p=0.05) . .
X; =Litre weight X4==% thrips affected capsul
X;=No. of capsules in one litre X5=2%, immature capsules

X;=2%0.7mm capsules
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Table 2. Regression coefficients, their standard errors, and ‘t* values for the
component characters, for assessing the litre weight of cardamom

Character Regression S. E. (bD) ‘t’ value
Coefficient (bi) -
No. of capsules ~0.0394 0.00104 37.8810*%*
% of 7 mm capsules -0.4840 1.06480 0.4545 NS
% of thrips affected
capsules —0.3560 027909 1.2755 NS
% of immature capsules -1.1659 0.41766 2.7907%*

** Significant at 1% level of probability
NS-Not significant

Table 3 Influenc: of immature and thrips-affected capsules on litre wt.,
no. of capsules, and % 7 mm capsules

% immature/ Litre wt. No. of % 7mm  Litre No.of % 7 mm
thrips-affected (gm.) capsu- capsules wt. capsu- capsules
capsules les in  (w/w) (gm.) lesin (w/w)
one one
litre litre
0-10 451.85 2335 81.60 41750 2760 70.67
10-20 432.53 2560 69.67 408.20 2832 63.77
20-30 410.07 2756 70.14 395.66 2942 59.40
3040 394.15 2986  66.90 395.50 3150  61.33
40-50 381.98 2945 55.25 — — 57.00

More than 50 347.48 3703 33.80 37277 3172 4625

The maximum litre weight recorded in the samples was
476.4 gm, which contained 4.0 per cent immature capsules and
83 per cent capsules above 7 mm size. The minimum litre weight
recorded was 241.3 gm and all the capsules were immature and there
was only 1 per cent of the capsules above 7 mm size. The maximum
amount of immature capsules permitted in AGEB grade (by
Agmark), which is considered to be the best quality of Indian car-
damom is 2 per cent and the size of the capsules should be 7 mm
or above. The litre weight was found to vary from 451.85 to
347.48 gm and the percentage of immature capsules increased from
10 to more than 50 (Table 3).

The average recovery of cured cardamom from green cardamom
is only 18-19 per cent, and the same is 25-26 per cent in well managed
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plantations. Based on this it has been concluded that on account
of improper harvesting alone the possibility of crop loss is as much
as 28 per cent of the total production (Krishna, 1979). By improving
the harvest technology to reduce the percentage of immature cap-
sules, recovery on curing would go up by 28 per cent.

There was decrease in litre weight from 417.5 gm to 372.77 gm
and in the percentage of 7 mm capsules from 70.67 to 46.25, as the
percentage of thrips-affected capsules varied from 10 to 50 or above
(Table 3). The results of the study indicate that there is ample
. scope for improving the quality as well as quantity of the cardamom
that is produced in the cardamom tract of Idukki, by adopting
efficient plant protection measures and improvements in harvesting.
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Discussion

N. MURALEEDHARAN (UPASI): Could you determine the exact period
during which maximum percentage of thrips—infested capsules were present?

C. R. SIVADASAN: No. The lots analysed were brought by the planters to
the auction centres, and they were not reporting the actual period of
harvest.
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ABSTRACT

The production and export of turmeric in India has been fluctuating
widely during the last two decades. The compound growth rate of produc-
tion and productivity in Bihar, Karnataka and Meghalaya was more than
5 per cent per annum during the 70’s. This calls for organized efforts for
turmeric development in these states. The compound growth rates of
the quantity exported, export earnings .and unit values per annum in
respect of Indian turmeric during 1970s were estimated at 4.7 per cent,
20.3 per cent and 14.8 per cent respectively. Among the top importers of
turmeric, Iran and USA each imported from India about 87 per cent of
their total imports during the last decade. Our main competitors in the
field of turmeric export are Bangladesh, China, Taiwan, Pakistan, Jamaica,
Peru and Haiti. The outlook for this crop however, seems to be very bright.

INTRODUCTION

Turmeric of commerce is the cured and dried rhizome or under-
ground stem of a perennial herb, Curcuma domestica Val. (syn.
Curcuma longa L.). For comwmercial exploitation, it is grown as an
annual, in parts of tropics. It is one of the most important spices
used extensively by all classes of people in India. Besides, it is one
of the most ancient and traditional items of export for this country.
The demand for turmeric mainly arises from its use for culinary
purposes. Important among the producers of this condiment are,
India, Bangladesh, Pakistan, Sri Lanka, Burma, China, Taiwan,
Indonesia, Jamaica, Haiti and Peru. Like Indians, other people
in Asia are heavy consumers of turmeric and some of the Asian
producers are even net importers of this produce. However, the
available statistics both on production and trade of turmeric in
respect of several countries in the world are far from adequate.

*CPCRI contribution No. 226.
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Any attempt to analyse the world sitnation in turmeric, therefore,
makes the task of a researcher somewhat difficult. The scope of this
paper is limited to the analysis of turmeric situation in India with
special reference to world trade.

MATERIALS AND METHODS

The area, production and yield figures used for the present
analysis are the estimates of the Directorate of Economics and
Statistics, Ministry of Agriculture, Govt. of India. The data on
India’s exports, export earnings and unit values are the estimates
made by the Directorate General of Commercial Intelligence and
Statistics, Govt. of India. The source of import data in respect of
the leading importing countries is the International Trade Centre,
UNCTAD/GATT. The wholesale price data are the compiled
figures of the Directorate of Cocoa, Arecanut and Spices Develop-
ment, Govt. of India.

RESULTS AND DISCUSSION

Production and supply trends

India is by far the largest producer of turmeric in the world,
but the production of this crop has been highly unstable. In 1950-51
India produced 152,000 tonnes of turmeric from an area of 56,000
ha. The average productivity for that year works out to 2764 kg/ha
and this is therecord average productivity for turmeric in the country
so far. The area and production of turmeric during 1960-61 were
of the order of 39,000 ha and 105,000 tonnes, respectively. The
corresponding figures for 1970-71 were, 81,000 ha and 151,000
tonnes, and for 1980-81 were 99,000 ha. and 210,000 tonnes. The
crop statistics reveal that between 1960-61 and 1980-81 the area
and production of turmeric went up by 151 per cent and 100 per cent
respectively, while its productivity came down by 20 per cent. The
year 1979-80 was the peak year for Indian turmeric both in respect of
area (105,000 ha) and production (235,000 tonnes), but not in
productivity.

The index numbers of area, production and yield of turmeric
with the base at 196061 reveal that the supplies of Indian turmeric
were highly uncertain over these years because of severe fluctuations
in area as well as productivity of this crop. The compound growth
rates of area, production and yield of turmeric in India per annum
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for the period 1970-71 to 1979-80 were estimated at 1.82 per cent
1.33 per cent and (-) 0.48 per cent, respectively.

The main turmeric growing areas in India are distributed in
the States of Andhra Pradesh, Orissa, Tamil Nadu, Maharashtra,
Assam, Bihar, and Kerala. During the 1970s, Andhra Pradesh alone
constituted on an average 26 per cent of the total turmeric area and
36.4 per cent of the total production in India and continued to
maintain its position as the largest termeric producing State. While
area-wise Orissa, Tamil Nadu, and Maharashtra constituted
20.8 per cent, 12.8 per ceat and 12.2 per cent production-wise
their shares were 9.4 per cent, 24.2 per cent and 9.1 per cent
respectively at the all-India level. The average productivity per
hectare was highest in Tamil Nadu (3602 kg), followed by Karnataka
(2725 kg.) and Andhra Pradesh (2666 kg). The productivity for
Orissa and Assam was around one-fourth and one-sixth of that in
Tamil Nadu (Table 1).

Table 1. Spatial distribution of average area production, and yield of
turmeric in different States during 1970-71 to 1979-80

State Area Production Yield
% % (Kg/ha)
Andhra Pradesh 26.0 36.4 2666
Assam 7.5 2.3 595
Bihar 7.7 6.1 1500
Karnataka 1.8 2.5 2725
Kerala 4.8 2.6 1040
Maharashtra 12.2 9.1 1410
Meghalaya 1.8 0.8 824
Orissa 20.8 9.4 857
Tamil Nadu 12.8 24.2 3602
Others 4.6 6.6 2683
All India 100.0 100.0 1902

The following inferences can be drawn from the estimated
compound growth rates of area, production and productivity of
turmeric for different States during 1970-71 to 1979-80.

(i) In respect of area, only four out of nine turmeric growing
States had positive growth, Orissa (7.419%) having the
highest growth followed by Assam (6.40 %) and Karnataka
(2.87%).
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(i) As regards production, barring Kerala and Maharashtra,
all other seven States had positive growth, Bihar (15.08%)
having the highest growth followed by Karnataka (9.41 %)
and Assam (6.58 %). :

(iii) So far as yield is concerned, five states had positive
growth, Bihar (16.28 %) having the highest growth follow-
ed by Karnataka (6.60%) and Meghalaya (6.18%).

For 'the country as a whole, the annual growth rateé in production
is as small as 1.33 per cent (Table 2).

Table 2, Estimated compound growth rates (per annum) of area, produétibn
“and yield of turmeric for different States during 1970-71 to 1979-80

Compound growth rates (%)

State - -

< Area Production Yield
Andhra Pradesh (+) 0.37 (+) 0.01 (-) 036
Assam (+) 6.40 (+) 6.58 (+) 0.17
Bihar : (-) 104 (+) 15.08 (+) 16.28
Karnataka (+) 2.87 (+) 9.41 (+) 6.60 .
Kerala (-) 3.08 (-) 5.05 (=) 2.03
Mabharashtra (=) 0.77 (-) 3.69 (+) 4.50
Meghalaya (-) 0.70 (+) 543 (+) 6.18
Orissa (+) 7.41 (+) 046 (-) 653
Tamil Nadu (=) 0.003 (+) 0.03 (-) 0.006
All India (+) 1.82 (+) 133 (=) 048

While it is absolutely necessary to attain a much higher growth
rate in production, it may not be possible to achieve this goal
through area expansion beyond a certain point. Under this situation,
a negative growth rate in productivity is a matter of great concern.
The other serious matter in the case of supply of turmeric in India
is its violent fluctuations from year to year. Moreover, the require-
ment of very high seed rate (10 to 20% of the yield) for raising
the crop reduces the marketable surplus potential of this commodity.

Utilisation and Demand :

In India, turmeric is widely used as an important condiment.
It is usually used in the form of ground spice and is blended into
curry powder. It is also used as a dyestuff in the textile industry.
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To a small extent, turmeric is utilised for medicinal purposes as it
has antiseptic and deworming properties. It is extensively used as
an indigenous cosmetic item. Apart from these uses, turmeric is
considered as an auspicious commodity by Indians, particularly the
Hindus who need it in their rituals and social customs (Anonymous,
1965). In view of the above, the bulk of India’s turmeric produc-
tion is consumed locally.

Depending upon the agro-climatic conditions in which the
crop is raised and the harvest and post-harvest technology that are
applied, the commodity prepared for the market in different regions
is found to develop some kind of regional characteristics. Among
the commercial varieties, Alleppey turmeric, Rajpuri turmeric,
Madras fingers, Guntur turmeric, and Cuddapah turmeric, are im-
portant in Indian markets (Menon, 1975).

The volume of utilisation of any commodity at a given time
could be considered as the apparent demand for the commodity
for that period. As such, the average internal demand for turmeric
in India for the period 1975-76 to 1979-80 came to 137,000 tonnes/
annum., In other words, nearly 91 per cent of India’s turmeric
production in the late 70s was consumed and utilized locally.

Export situation

India, the largest exporter of turmeric in the world, exported
around nine per cent of the country’s production during the last five
years of the 70s. India has been an exporter of turmeric for the past
several decades. The volume of exports varied from 2.2 to 8.1 per cent
of the total production during the 1960s, to 5.6 to 10.7 per cent during
the 1970s. Like the production of turmeric, its exports from India
was highly fluctuating over the years. In the year 1960-61, the
quantity of turmeric exported from India was of the order of 1210
tonnes valued at Rs. 2.6 million. During 1980-81, the volume of
exports was found to be 11,900 tonnes valued at Rs. 63.1 million.
The highest volume of exports as well as the export values for
turmeric recorded during 1979-80 was 21.510 tonnes valued
at Rs. 162.4 million. However, the record unit value realization was
Rs. 10,730/tonne, * during 1978-79.

The index numbers in respect of the volume of exports, export
earnings and unit values of turmeric suggest that the trends of the
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export sector were of the increasing order. The compound growth
rates of the quantity exported, export values and realized unit values
in respect of Indian turmeric for the period 1970~71 to 1979-80,
were estimated at 4.7 per cent, 20.3 per cent and 14.8 per cent,
respectively. The export earnings from this commodity constituted
only 6 to 12 per cent of the total earnings from spices in India.

This spice is exported to as many as 64 countries. An analysis
of the zone-wise exports of turmeric from India reveals that during
the 1970s, around half of the exports was to the Middle East alone.
East Asia, America and the Western Europe accounted for 15.84,
13.87, and 10.82 per cent respectively of the total exports during the
same period. Although the volume of Indian exports increased
significantly during 1970-71 to 1979-80 over that of 1960-61 to
1969-70 irrespective of the zones, the maximum change was noticed
in the case of the, Middle East (245%), followed by REastern
Europe (225%) (Table 3).

Table 3. Zone-wise exports of turmeric from India during 1960-61 to 1979-80

Average for Average for Change

1960-61 to 1969-70 1970-71 to 1979-80  between
Zone (period 1) (period 2) periods 1 & 2

Tonnes Tonnes %
1) Eastern Furope 10.75 35.06 (+) 226.14
3) UK & Other

European countries 672.73 1310.91 (+) 94.86
3) Middle East 1795.58 6204.05 - (+) 245.51
4) East Asia 1660.15 191047 (+) 1508
5) Africa 684.53 778.45 (+) 1372
6) Australia & Oceania 118.38 151.21 (+) 27.73
7 America 1106.09 1672.05 (+) 5117

Total 6048.21 12062.20 —

Presently, the main importing countries in the world for tur-
meric are, Iran, the USA, Japan and the UK. During the 1970s,
the average annual imports for Iran and the USA were of the order
of 3843 tonnes each. It was 2128 tonnes for Japan and 1545 tonnes
for the UK. India’s share in the total imports of Iran and the USA
came to 61.54 per cent in each case, for Japan 38.62 per cent, and
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for the UK 52.94 per cent, for the period under reference.
Though the volumes of imports of other importing countries such
as Sri Lanka, Iraq and Saudi Arabia are relatively small (250 to
600 tonnes), they were found to lift nearly 87 to 90 per cent of
their total imports from India. Curiously Sri Lanka, one of the
major importers of turmeric during the 1960s, could achieve near
self-sufficiency in turmeric inthe next decade (Table 4).

Table 4. Import of turmeric into major markets and India’s share
(In tonnes/annum)

Average of 1960-69 Average of 1970~79
Country Total Indija’s share Total India’s share

Import % of total import % of total
R.R.G. NA .. 4084 35.052
Iran 2226 44.56 3843 61.54
Iraq 278 81.65 325 87.08
Japan 1391 50.00 2128 38.62
Morocco 553 86.62 NA NA
Netherlands NA 2394 53,144
Saudi Arabia NA 5965 87.08%
Sri Lanka 1157 79.43 253 88.93
UK. NA 1545¢ 52.94¢
US.A. 1347 44.56 3843 61.54

sfigures relate to Av. of 1972-78
bfigures relate to Av. of 1971-76
¢figures relate to Av. of 1973-78

The total world exports of turmeric were estimated at 24,000
tonnes for 1976. According to the available figures for 1976, India’s
export in the context of the world exports was of the order of
83 per cent. The exports from the other exporting countries such as
Pakistan (7.5%), China (3.3 %), Taiwan (3.1%), Burma(1.5 %), Haiti,
Peru and Jamaica (combined 1.3 %) were relatively small as compared
to India (Table 5). While the main importing countries for Indian
turmeric weire the USA, Iran, and the UK, the major importer
for Pakistan turmeric was Muscat, and for Taiwan turmeric, Japan.

No reliable information about the current situation of inter-
national trade in turmeric is available at the moment. - However,
most of the Arab nations notably Iraq, Libya and Morocco are
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Table 5. World export of turmeric by the major producing countries and their
share in total export at different points of time (In tonnes)

Country 1957 1961 1965 1971 1976
Burma NA 56 257 250 350
(1.1) (1.9) (1.3) . 1.5)

China NA NA 112 400 800
(0.8) .1 (3.3)

India 11078 3460 10403 16500 20000
(96.4) (68.8) (71.9) (84.6) (83.3)

Jamaica NA 141 117 NA NA

2.8 ©0.9)

Pakistan NA 677 1698 1500 1800
(13.6) 12,7 a.mn @.5)

Taiwan 336 604 688 700 750
2.9) (12.1) ;.1 3.5) 3.1

Others g

(Haiti, Peru etc.) 81 91 96 150 300
.7 (1.8) ©.7D (0.8) (1.3)

Total 11495 5029 13371 19500 24000

(100.0) (100.0) (100.0) . (100.0) (100.0)

(Figures in parentheses show the percentage of the total)
NA=Not Available

now importing substantial quantities of turmeric. A high pro-
portion of Bangladesh’s exports are shipped to Muscat and Oman.
Bangladesh has gained equal importance with India as an exporter
to Iran. China has also become a supplier of this spice to Iran.
A significant part of USA’s turmeric imports are now met from
Jamaica, Haiti, Peru and Taiwan, although India continues to be
the major source of this produce. International trade in ground
turmeric is very small. The demand for ground turmeric mainly
comes from certain African countries, notably Zambia. The volume
of imports for the importing countries are seen to fluctuate widely
as in the case of the volumes of exports, due to obvious reasons.
Although turmeric is grown mainly in the Asian sub-continent,
a]l the producers in this region are heavy consumers of their own
produce, and some like Sri Lanka are even net importers (Purseglove
et. al., 1981). In Indonesia, for example, it is known that turmeric
is cultivated extensively, but none of the major importing countries



TURMERIC TRADE SITUATION 15

lists Indonesia as a source of turmeric and, therefore, it must be
supposed that the entire produce is consumed locally (Manning,
1969). ' ' :

The main types recognized in international trade are, the
‘Madras’ and ‘Alleppey’ turmerics, and ‘West Indian or ‘Haiti’
turmeric. ‘Alleppey’ turmeric is distinguished from others by its
deep yellow or orange colour. This property is the characteristic
expression of high curcumin content in the variety. Madras turmeric
possesses mustard yellow or bright yellow colour as well as a delicate
aroma. ‘Haiti’ turmeric is regarded as of a lower quality and value
in comparison with the Madras and Alleppey types due to its dull
yellowish brown appearance (Manning, 1969).

In the USA and Western Europe, a substantial demand for
turmeric comes from the pickle manufacturing units. However, a
striking difference in the consumer’s tastes and preference for texture
and colour in pickle could be observed between the USA and
Western Europe. On account of this difference, ‘Alleppey’ turmeric
fetches a premium price in the USA, while ‘Madras finger’ gets a
higher value in the UK and other Western European countries
(Purseglove et al., 1981).

Price trends

There has been an overall rising trend in the unit value reali-
zation from turmeric, eventhough the year-to-year variation is
found to be very wide. Taking 1960—61 unit value as the base, the
unit value realised from turmeric exports showed a rise upto 1963-64
then declined for two years, again moved upwards until it reached
458.3 points in 1969-70. Thereafter, the unit values fluctuated widely
and touched 952.9 points in 1978~79. It then fell to 670 points in
1979-80 and further declined to 470.9 in 1980-81. During the period
1976-77 to 1980-81, the unit value averaged at Rs. 7005/tonne.

A comparison between the turmeric prices at one of the Indian
markets namely, Erode market and the London international
market shows that, the London market prices were 23 to 147 per cent
higher than that in Erode during the 1970s. In six out of the ten year
period, the difference was less than 50 per cent(Table 6). With the
unprecedented rise in the internal transport, handling as well as
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shipping costs in recent years, the price difference is bound to widen.
The correlation coefficient (r) for the prices of Erode and London
markets between 1970-71 and 1979-80 was 0.91, suggesting that the
trend of turmeric prices in international market is moving closely
with the trend in the Indian markets.

Table 6. Turmeric (Erode Finger) prices at Erode and London markets for the
period 1970-71 to 1979-80 (Rs./Qtl.)

Prices at % Increase in price at
Year —————————— London over the price
Erode London at Erode
1970-71 265 337 27.17
1971-72 141 250 77.30
1972-73 235 289 22,98
1973-74 392 564 43.88
1974-75 327 513 56.88
1975-76 s 293 408 39.25
1976-77 389 534 37.28
1977-78 720 998 38.61
1978-79 694 1318 89.91

1979-80 329 812 146.81

Outlook

With the food and diug regulations becoming increasingly
stringent day by day, the demand for quality turmeric and its
products is bound to exhibit a rising trend. Turmeric oil hasa wide
acceptance in confectionery and aerated water units in the western
countries. Similarly, turmeric oleoresin has a good demand from
the pickle manufacturers of USA. India being one of the leading
manufacturers of turmeric oil and oleoresins, the prospect for the
expansion of turmeric trade at the international level is very bright.
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DISCUSSION

P. S. SREENIVASAN(KAU, Vellanikkara): Is there a general downward trend
in yield of turmeric?

P. K. DAS: Yes, The cultivation has been extended to marginhl lands in
most of the turmeric growing states; hence this outcome.

P. 8. S.: A.P. has a high yield of turmeric whxle the adjacent State of Orlssa
has the lowest yleld Comment.

P, K. D.: - The genetic potential of Orissa turmeric cultivars is very low as
compared to Andhra cultivar. Also, the cultural practices followed in Orissa
are much inferior to that of A.P,

P. S. S.: What are the reasons for the violent fluctuation in prices?

P. K. D.: Price trend in turmeric indicates that the fluctuation follows a cob-
web model i.e. in one year the price is high and the following year it is low.
This is because of the fact that high price incentive motivates the farmer
to extend the area under the crop, which results in increased production and
consequent glut in the market leading to a decline in price.

P. S. S.: Export in 1979-80 is nearly double that of 198081, Are there any
reasons to explain the above?

P. K. D.: The variations in export figures are due to the supply situation of the
competing countries in any particular year. If the crop is poor in the other
producing countries, India gets a fairly large business in the 1nternat10nal
market and vice-versa. Hence such fluctuations are not unusual,



UNIFORMITY TRIALS: OPTIMUM SIZE AND SHAPE OF
PLOTS AND BLOCKS IN EXPERIMENT WITH GINGER*

M. V. GEORGE, M. SANNAMARAPPAL, S. BHAGAVANZ AND
S. N. SaMpaTH KuMaRr!

Central Plantation Crops Research Institute
Kasaragod-670 124, Kerala.

ABSTRACT

Fairfield Smith’s equation with standard notations Y-—ax"2 and
its generalisation in the form Y=ac %1 r~22 were fitted to the uniformity
trial data on ginger conducted at Hirehalli during 1976-77 and 1977-78
where Y is the CV for the plot size x with r rows and ¢ columns, taking
the ultimate unit as (i) onerow of 5 plants and (i) pumber of plants
in Im X 1m bed. Row-wise heterogeneity was higher than column-wise
heterogenity showing thereby that formation of plots with more rows will
give more homogeneous blocks for experiments. The cost of experimen-
tation per freatment to estimate the means at 5 per cent CV was worked
out under different price situations. Plot size consisting of 3-4 rows of
one column in the case of ultimate unit of plants in 1m x 1m bed, and plot
size of 6 rows of one column in the case of ultimate unit of one row of 5
plants each, were found to be optimum.

INTRODUCTION

In agricultural experiments, the researcher is generally faced
with the problem of adopting the suitable size and shape of the plot
so as to obtain maximum information from his experimental
material. The size and shape of plots depends on the inherent
variability present in the crop and the environment in which it is
grown. Our problem is to find out the suitable size and shape of the
plot and block for which the plot to plot variation is minimum.
Fairfield Smith (1938) worked out an empirical relationship between
plot size and the CV for yield. Several earlier attempts have been
made to determine the optimum size and shape of plots and blocks
for various crops (Abraham et al., 1969; Agarwal et al., 1968;

*CPCRI contribution No. 246.

1 CPCRI Research Centre, Hirehalli-572 131, Karnataka
2 CPCRI Regional Station, Vittal-574 243, Karnataka
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attempt has been made with regard to gin _§ize. - In this"
paper, an attempt has been made to evaluate the optimum size and
shape of plots in blocks, under different price situations.

OPTIMUM SIZE OF PLOTS FOR GINGER E

MATERIALS AND METHODS

Uniformity trials on ginger were laid out at CPCRI Research
Centre, Hirehalli for 1976-77 and 1977-78 with 24 beds of size
IlmX24m. During 1976-77, there were 4 rows of 120 plants each
and during 1977-78, 5 rows of 120 plants each. Ultimate unit was
taken as a row of 5 plants (this is considered as Case-1) and total
weight of the produce was considered as the yield of the ultimate
unit. This resulted in 96 rows of 24 units during 1976-77 and 120
rows of 24 units during 1977-78. Plots of varying sizes and shapes
were formed combining adjacent units column-wise and row-wise,
and the corresponding CV was worked out for both the years.

Later, the ultimate unit was altered to 1m X 1m plot (this is
considered as case-2) for both the years, so as to suit the normal
practice of raising the crops in beds of 1m breadth by adding 4
rows of 5 plants each for the year 1976-77, and 5 rows of 5 plants
each (5 units row-wise) for 1977-78. This resulted in 24 rows of 24
. columns each for both the years which were again subjected to
analysis.

Fairfield Smith’s law Y=ax# was fitted to find the relationship
between plot size (x) and C¥(y), where g is the heterogeneity coeffi-
cient. Generalization of this law in the form Y=ac % r&: was
also tried to compare the heterogeneity of rows and columns,
where g’s denote the corresponding heterogeneity coefficients.

The plot size and shape giving the required information at a
minimum cost was taken as the optimum. The cost of experimen-
tation per treatment to estimate the means at 5 per cent CV was
worked out for four different price situations K;, K, K3 and K,
using the relationship:

CKi ="-01 r +C2E
where CK; is the cost for the i-th price situation.

C; is the cost of maintaining experimental plot,



20 PLACROSYM~V

. 4
C, is the cost of maintaining experimental plants,

~k.issfie number of replications and
E is the number of experimental plants.
The arbitrary cost ratios C;: C, for price situations Ky, K, K3 and
K,are1:1,2:1,1:2 and 1:4, respectively.
RESULTS AND DISCUSSION

In both the years and for both the cases under study, the CV
decreased with an increase in plot size in both the directions. De-
crease was more rapid in row-wise direction. The CV values deter-
mined for various size and shape of plots followed closely the rela-
tion Y==ax™8. The equations along with its R? values for both the
cases and for both the years are presented in Table 1. In both the

Table 1. Fairfield Smith’s law Y=—ax-8

Year Case
1 2
1976-77 ¥ =56.48x-0-30 Y=33.75x"0"22
(R2=098) (R2=0.97)
1977-78 Y=73.19x-0-17 Y ==57.37x"0-19
(R2=0.96) (R2 =0.96)

years, no appreciable reduction of per unit decrease in CV was
noticed, when the plot size exceeded 4 in case-2, and 6 in case-1.
Hence, plot sizes of 4 and 6 were taken as optimum, for case 2
and case 1, respectively.

Table 2. Fairfield Smith’s Generalized relationship Y=ac g! r g2

Year Case
1 2
1976-77 46.54¢70-21 p~024 31.32¢°0-18 p-0-19
(R2=0,92) (R2==0.88)
1977-78 78.23¢°0-17 p-0-23 63.66¢-0°14 (-0-33
(R%2=0.89) . (R2=0.92)

Case 1. One row of 5 plants
Case 2. Plants in ImX1m bed
Y is the CV for the plot size x with r rows and ¢ columns.
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The generalized Fairfield Smith’s Law represented in the form:
Y=ac-%i r&; was a satisfactory fit for both the years and both the
cases under study. The equation along with its R? values are given
in Table 2. The row-wise heterogeneity was significantly higher
than column-wise heterogeneity, thereby suggesting that formation
of plots with more number of rows will give more homogeneous
blocks for experiments.

The relative cost of experimentation per treatment under 4
different price situations when the plots are arranged in blocks of
4, 6, 8 and 12 for different sizes and shapes of plots based on the
observed CV, was worked out for 197677 and 1977-78 and for

Table 3. Cost of experimentation per treatment for different price situations
in 4-and 12-plot blocks. Case-1: Ultimate unit 1 row of 5 plants (1976-77)

Shape Size 4 plot 12 Plot
of of
Plot Plot CV., r K;y K; K3 K4y CV. r K; Ks Ky K¢

1:1 1x1 56.60 123 256 384 384 640 57.51 132 264 396 396 660
2X2 57.81 134 670 804 1206 2278 31,76 40 200 240 360 680

1:2 1x2 4290 74 222 296 370 666 43.65 76 228 304 380 684
2X4 23.65 22 198 220 374 726 2442 24 216 240 408 792

1:3 1X3 36.27 53 212 265 371 689 3696 55 220 275 385 715
2X6 2096 18 234 252 450 882 21.55 19 247 266 475 931

1:4 1X4 31.83 41 205 246 369 697 33.26 44 220 264 396 748
1:6 1x6 28.61 33 231 264 429 825 28.37 32 224 256 416 800
1:8 1X8 24,56 24 216 240 408 792 25.77 27 243 270 459 891
1:12 1Xx1223.66 22 286 308 550 1078 22,38 20 260 280 500 980

2:1 2x1 89.21 61 183 244 305 549 40.25 65 195 260 325 585
4x2 2356 22 198 220 374 726 23.54 22 198 220 374 726

© 311 3X1 3420 47 188 235 329 611 3501 49 196 245 343 637
6x2 2039 17 221 238 425 833 2091 17 221 238 425 833

4:1 4x1 2539 26 182 208 338 650 26.00 27 189 216 351 675
6:1 6x1 2930 34 170 204 306 578 29.71 35 175 210 315 595
8:1 8x1 23.33 22 198 220 374 726 2244 20 180 200 340 660
12:1 12x1 20.20 16 208 224 400 784 2040 17 221 238 425 833
2:3 2X3 25.69 26 182 208 338 650 26.97 29 203 232 377 725
3:2 3X2 2692 29203 232 377 7252739 30 210 240 390 750
3:4 3x4 2052 17 221 238 425 833 21.92 19 247 266 475 931
4:3 4%3 1893 14 182 196 350 686 20.00 16 208 224 400 784
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Table 4. Cost of experimentation per treatment for different price situations
in 4-and 12 plot blocks Case-2: Ultimate unit 1mx 1m plot (1976-77)
Shape Size 4 Plot ) 12 Plot
of - of
Eof Plot CV. r K1 Ky K3 Ky CV. r K; K K3 Ky

1:1 1./><1.31.73 40 80 120 120 200 33.29 44 88 132 132 220
2x2 3245 42 210 252 378 7142194 19 95 114 171 323

1:2 1x2 2558 26 78 104 130 234 27.26 30, 90 120 150 270
2X4 2525 26 234 260 442 858 18.24 13 117 130 221 429

13 1x3 21.80 19 76 95 133 2472195 18 72 90 126 234
2X6 1474 9 117 126 225 441 1577 10 130 140 250 490

1:4 1x4 17.58 12 60 72 108 204 20.26 16 80 96 144 272
1:6 1xX6 1577 10 70 80 130 250 17.55 12 84 96 156 300
1:8 1x8 1194 6 54 60 102 198 1563 10 90 100 170 330
1:12 1121239 6 78 84 150 2941216 6 78 84 150 294

2:1 2x1 23.69 22 66 88 110 198 2539 26 78 104 130 234
4x2 1475 9 81 90 153 297 1749 12 108 120 204 396

3:1 3x1 1038 4 36 40 68 1321277 7 63 70 119 231
4:1 4x1 1613 10 50- 60 90 1701830 13 65 78 117 221
6:1 6x1 1490 9 63 72 117 2251695 11 77 88 148 275
8:1 8x1 2026 16 64 80 112 208 21.76 19 76 95 133 247
12:1 12x1 1091 5 65 70 125 2451279 7 91 98 175 343
2:33 2x3 1814 13 91 104 169 32517.66 12 84 96 156 300
3:2 3X2 1727 12 84 96 156 300 1938 15 105 120 195 375
34 3x4 1160 5 65 70 125 245 1462 9 117 126 225 441
4:3 4x3 1400 8104 112 200 392 1391 8 104 112 200 392

both the cases. Tables 3 and 4 give the relative cost of experimen-
tation for blocks of sizes 4 and 12 for 197677 for case-1 and case-2,
respectively. The number of replications decreased rapidly as the
plot size increased. A close study of the analysis reveals (Table 3)
that plots of 6 rows of one column each gave the minimum cost for
1976-77 for case-1. The subsequent year’s data undoubtedly con-
firmed this result. The plot size oblained by the graphical method
also confirmed this result. In case-2 where the ultimate unit
is Im X1m, 3 rows of one column each were found to be optimum
for block sizes 4, 6 and 8 plots and 4 rows of one column each for
12-plot block (Table 4). Hence, plot size of 6 rows of one column
in the case of ultimate unit of one row of 5 plants each, and 3-4
rows of one column, in the case of ultimate unit of plants in 1m X Im
“bed, were found to be optimum.
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DiscussioN

V. S. SHARMA (UPASI, Cinchona): Do you think it is necessary to study the
interaction between the cultivar used and the plot size because tillering and
the number of fingers may interact with the spacing and plot size?

BHAGAVAN: Yes, it will be a really interesting study to know the interaction
between cultivars and the plot size.- If interaction is found to exist, one may
have to go in for different plot sizes for different groups of cultivars.
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ABSTRACT

Long term movements in the prices of coconut products are explained
to a large extent by the trends in the imports of copra and coconut oil.
An attempt has been made here to study the seasonal fluctuations in
the prices of coconut, copra and coconut oil. Seasonal indices for coconut
oil prices were found to be influenced by the availability of oil inthe
market, and those for coconut by the demand from copra makers which
in turn depended on the pattern of rainfall. The influence of supply
factors on the priceé of coconut was negligible. With increase in prices:
a shift in the pattern of variation was noticed in the case of coconut. The
amplitude of the fluctuations had increased in all cases. Its adverse
effect on the small cultivator has been discussed.

INTRODUCTION

With 6.7 lakh hectares under coconut, Kerala accounts for nearly
two-thirds of the area under the crop in the country. The estimated
number of coconut holdings in the state is more than 30 lakhs and
90 per cent of these holdings is one ha or less in size. According to
a survey conducted during 195966, the cultivating households were
selling 78 per cent of their produce in the form of raw nut itself,
after retaining about 18 per cent for home consumption (Anon.,
1963, 1966 and 1967) Similarly, coconut and coconut oil are used
in almost every houschold in the state for culinary and toiletry
purposes. Therefore, the prices received by the cultivators as well
as those paid by the consumers are of utmost importance. The
long-term movements in the prices of coconut products are explained
to a large extent by the trends in the imports of these products
(Mathew, 1978). Seasonal variations in the prices of coconut,
copra and coconut oil are presented in this paper.

*CPCRI contribution No. 243,
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MATERIALS AND METHODS

Month-wise data available from the Directorate of Economics
and Statistics, Trivandrum on the farm price and wholesale price
of coconut, copra and coconut oil was made use of for this study.
The price data of copra was available from 1961 only. In the other
cases, data from 1958 onwards was made use of. The wholesale
prices of coconut and copra were collected from Alleppey market,
and those for coconut oil from Cochin. The results of this study
will apply to the other markets also, since the markets for coconut
and coconut products are well integrated. In the case of farm,
prices, published data were available on district basis only, and hence
the mean for the state as a whole was used for this study. For the
estimation of seasonal indices, a multiplicative model (O=T xS X
C <1, where O represents the original data, T the trend, S the seaso-
nal variation, C the cyclical variation, and I the irregular component)
was assumed.

RESULTS AND DISCUSSION

Seasonal indices calculated for the farm price of coconut
and wholesale prices of coconut, copra and coconut oil, are present-
-ed in Table 1. Farm price of coconut was very high during Novem-
-ber to February and low during June to September. The prices were

Table 1. Seasonal Indices for the prices of coconuts, copra and coconut oil

Farm price = Wholesale price Wholesale price Wholesale price

Month of coconuts of coconuts of Copra of coconut oil
in Kerala at Alleppey at Alleppey at Cochin
January 105.0(5.2) 103.2(4.4) 104.1(7.3) 103.1(7.0)
February 103.93.7) 101.8(5.5) 98.9(4.9) 98.8(5.2)
March 101.02.7) 98.4(4.5) 92.8(2.7) 93.0(3.2)
April 101.3(4.4) 100.5(4.8) 93.5(3.8) 94.4(4.1)
May 99.4(4.1) 94.94.5) 94.0(5.1) 93.8(5.4)
June 95.9(4.8) 98.1(4.3) 94.7(4.8) 95.3(5.1)
July 94.5(5.6) 96.0(7.6) 98.1(5.6) 99.5(5.5)
August 94.5(5.0) . 95.0(5.1) 99.0(5.9) 100.7(4.9)
September 96.9(4.7) 98.2(6.9) 102.6(4.4) 104.9(5.3)
October 99.8(5.1) 102.4(7.1) 105.5(5.2) 108.7(6.5)
November 103.6(6.7) 105.8(6.2) 110.0(6.3) 109.7(9.9) -
December 104.2(5.9) 105.7(6.9) 106.8(6.7) 98.1(9.5)

Note: Figures in parentheses denote the coefficient of variation (%)
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showing a decreasing trend from January onwards, which continued
upto July, and thereafter it was steadily increasing. 1In the case of
wholesale price of coconut, the amplitude of the fluctuations was
slightly higher compared to the farm prices, the highest price being
received in November-December. Though the prices started decreas-
ing from January onwards, the seasonal indices were slightly higher
in April and June, compared to that in previous months. An
upward trend in the prices was noticed from August onwards. The
pattern of variation as well as the amplitude of the fluctuations
were very similar in the case of wholesale prices of copra and coconut
oil. The lowest prices were registered in March and the highest
in November. However, the sudden fall in the prices of coconut
oil in December was conspicuous (Fig. 1.).

SEASONAL VARIATION IN THE PRICES OF COCONUT, COPRA
« AND COCONUT OIL

............. COCONUT —FARM PRICE:+++++-+ver

sees---COPRA_WHOLESALE PRICE --£-\-

Fig. 1.

Coconuts, though harvested in almost every month, show
seasonality in production with about 62 per cent of the nuts harvested
during the first six months (January to June) of the year (Table 2).
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Table 2. Percentage of nuts harvested and the distribution of rainfall during
the different months of the year

% of Distribution of % of  Distribution of
Month  nuts harvested rainfall (mm) Month nuts of rainfall
(1959-66) (1958-78) harvested (mm)
January 9.2 10 July - 4.8 727
February 10.3 16 August 6.3 419
March 12.2 37 September 6.2 267
April 114 121 October 6.3 275
May 9.9 282 November 6.6 11
June 9.0 566 December 7.8 45

Source of basic data: Directorate of Economics and Statistics, Trivandrum

Eventhough the data in this paper concerns only the period 195966,
it is presumed that a similar trend can be assumed during any given
period. In the case of availability of copra as well as the producion
of oil, similar trends were observed. The oil mills generally have
brisk business during the summer months as they start getting the
copra by October-November. Though the arrival of copra stops
by May-June, with the onset of monsoon, their stocks run the mills
for few more months. Because of the seasonal supply factor, the
prices of coconut oil are generally low during the summer months
and the early periods of monsoon. During the latter half of the year,
the production of coconut and availability of copra are low as reflect-
ed in the rise of market price of coconut oil. In the case of copra,
though the demand from the oil mills is high during the summer
months, the prices remain low due to the greater supply of the com-
modity. Copra prices show a declining trend from November,
with the arrival of copra in the market after the monsoon. Thus, it
can be seen that the seasonal variations in the prices of copra and
coconut oil are more due to supply factors than due to demand
factors.

Kerala receives about 1700 mm rain during the period from
June to August (SW monsoon) and another 700 mm during Septem-
ber to November (NE monsoon). The period from May to October
accounts for nearly 96 percent of the total annual rainfall. During this
period, the seasonal indices for the farm price of coconut is below
normal. This is due to the lack of facilities for conversion of nuts
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to.copra during the monsoon months. From October onwards the
wholesale prices of coconut are above normal because of the favour-
able weather factors, consequent upon heavy demand from copra
makers and the low supply position. This rise in price has been
reflected in the farm prices from November onwards. Though there
is abundant supply of nuts during the first half of the year, the
prices have not fallen below normal because of the heavy demand
from the copra makers and oil mills. Therefore, it is clear that the
seasonality in the prices of coconut is more due to demand factors
which in turn depend on the pattern of rainfall. The influence of
supply factors on the price of coconut is limited.

The relationship between the production cycle of coconut and
pattern of rainfall with seasonal variation in prices can be seen from
Table 3. Multiple regression analysis showed that 79 per cent of the
variations in the farm price of coconut, 86 per cent and 74 per eent
of the variations in the wholesale prices of copra and coconut oil,
respectively, are explained by these two variables alone.

Table 3. Seasonal variations in prices in relation to the production cycle
of coconuts and pattern of rainfall

Coefficient of Correlation with

Production cycle Distribution of
of coconuts (x;)  rainfall (x3)

Farm price of coconuts (y;) 0.4503 -0.8866
Wholesale price of coconuts (¥;) 0.0221 -0.6216
Wholesale price of copra (y3) -0.6005 ~0.2270
Wholesale price of coconut oil (y4) -0.6945 -0.0091
¥1=105.09 + 0.1518xy - 0.0157x; (R2=0.7919)

(0.3031)  (0.0031)
¥2=110.64— 0.8270x; - 0.0;53x, (R2=0.5571)

(0.4439)  (0.0045)
¥3=127.174—- 2.6896x; — 0.0216x, (R2=0.8557)

(0.3800)  (0.0039)
¥4=124.76— 2.5222x; ~ 0.0151x; (R2=0,7355)

(0.5043)  (0.0052)

Though the average annual wholesale prices of coconut and
coconut oil were showing a rising trend from the mid-50s four
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different phases are clearly discernible. The period from 1958-63
(Paase-I) is marked by slow increase in prices. It is followed by
a period 1964-70 (Phase-2) of slightly higher rate of increase.
Phase-3 (1970-75) is conspieuous for the sudden increase in prices,
accompanied by wide fluctuations from year to year, whereas during
the period following this (1976-81; Phase-4) the prices were increas-
ing at a very fast rate. Seasonal indices computed for these commo-
dities separately for the different periods (Table-4) showed that
with increase in prices, the amplitude of the fluctuations has also
increased. This was more pronounced in the case of wholesale prices
of all the three commodities. The range of values for the wholesale
prices of coconut was only 7.8 points during Phase-1 and it steadily
increased to 17.6 in Phase-4. During the first phase, the farm price
of coconut was maximum during February, whereas in the sub-
sequent phases the maximum was in January or earlier. During the
earlier phases, though the decline in prices generally started during
January-February only, in Phase-4 it was from as early as November
Similarly, the prices were generally below normal during June to
October, compared to the low prices from March onwards in
Phase-4. This shifting trend in the indices as well as the increase in
the fluctuations are against the interest of the cultivators, majority
of whom are small farmers who resort to distress sales. The average
seasonal index for the farm price as well as the wholesale price of
coconut during the peak period of production (January to June)
accounting for nearly two-thirds of the annual production) were
102.3 and 100.5 respectively during Phase-1 and it steadily declined
t098.9 and 95.7 in Phase-4. It is true that the price index has shown
an increase during the lean periods of production, but only the
big farmers who can store the nuts from the first half of the year
can reap benefits from this kind of price structure.

In the case of copra and coconut oil also, the amplitude of the
fluctuations was found to increase with increase in prices. The
range of variation was around 23 points in Phase-4, compared to
about 14 points two decades ago. With the increase in prices, a
further depression was noticed during March-May, when there was
abundant supply of oil and a further upward rise in prices during
October-November when fresh stock of oil just started arriving.
Such a situation only favours the traders with sound financial
backing. ' ‘
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It is reasonable to assume that the fluctuations observed in the
case of these commodities could be the direct effects of the inflation
which has been observed during this period. To amplify further,
the price trend and the wholesale price indices have been on the
increase from the early '60s, but as in the case of other commodities,
in coconut also, the increased inflation rate has affected the purchas-
ing power of the consumer and not the selling power of the producer,
which is apparent from the near stable/marginal differences in farm
prices. From the above analysis it follows that the full benefits
of the rise in prices have not reached the ordinary coconut
cultivators.
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SOME CONSIDERATIONS IN ANALYSING THE YIELD
DATA OF COCONUT*

JacoB MATHEW AND K. Visava KuMar
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Kasaragod-670 124, Kerala

ABSTRACT

Examination of yield data of coconut for individual years revealed
that the distribution is always positively skewed and leptokurtic, Pooling
the data for consecutive years as well as consideration of palms in
groups did not improve the distribution. Among the different transforma-
tions tried, vx X 10 transformation was found to bring the data to a
near normal distribution in most cases. Another difficulty experienced -
while analysing the yield data of coconut experiments is the large

" error variance. With pooling of data for consecutive years. variance
was found to get reduced. Covariance analysis was found to result in
increased efficiency. '

INTRODUCTION

Though the statistical techniques followed in experimentation
with annual crops and perennial crops are essentially the same, one
specific difficulty experienced while analysing the yield data of coco-
nut experiments is the large error variance. This is mainly due to
the heterogeneous nature of the experimental material, differential
response of individual plants to the varying weather conditions over
the years, and soil fertility differences arising out of the vast area
required for laying out any meaningful experiments. Because of the
large error variance, real treatment differences are often masked and
go undetected. Reduction in residual variation is generally achiev-
ed through methods of calibration and covariance analysis.
Shrikhande (1957) and Abeywardena (1970) have illustrated the
use of pre-experimental yield data while designing new experiments
with coconuts. Govinda lyer (1957) has observed that the pre-
experimental data for three years as the concommittant variate will
help in detecting treatment differences most efficiently. According

*CPCRI Contribution No, 257.
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ing to Abraham and Kulkarni (1963), data collected about two years
immediately prior to the experimental period was sufficient for
covariance analysis. In thelight of the above, the variability in the
yield of coconuts in the different years, its distribution, relationship
between yields obtained in different years, and ways to reduce the
expetimental error, have been studied and results are presented.

MATERIALS AND METHODS

Individual tree yield data available for the period 1961-80
from two plots at Central Plantation Crops Research Institute,
Kasaragod, was made use of for this study. The palms in Plot 1
(RS 28 Central Block, n=155palms) were 35-40 years old at the
beginning of this period, and those in Plot-2(RS29 North Block,
n=>354 palms) were aged 45-50 years. The palms were growing
under rainfed conditions and receiving the recommended dose of
fertilizers. Normality of distribution of yield data was tested by
working out the coefficients for skewness (b;) and kurtosis (b,). The
variances for individual years and for cumulative yields for five years,
and the reduction in variance due to covariance analysis using one
to five years’ pre-experimental yield data, were also worked out.

RESULTS AND DISCUSSION

The valid application of tests of significance in analysis of
variance requires that experimental errors should be independently
and normally distributed with a common variance (Eisenhart, 1947).
This, in other words means that in an experiment-free material,
the distribution of the original data should be normal. Tests for
normality revealed that in general, the distribution of annual yield
of coconut is always positively skewed and leptokurtic, generally
following a Pearson Type IV distribution (Table 1). This is due
to the presence of proportionally higher percentage of palms giving
below average yield. In the years of low production skewness was
found to be more. Among the two plots considered, coefficient of
skewness was comparatively less in Plot 2, where the yield was
higher. Similarly, distribution was found to be leptokurtic in the
years where yield was generally lower. Studics conducted in other
perennial crops like cocoa, coffee and oil palm (Butters, 1964;
Chapas, 1961 ; Cunningham and Burridge, 1957; Lotode and Muller,

3



34 PLACROSYM-V

1974) have also shown that the distribution of their yleld data is
far from normal.

Table 1. Measures of central tendency (mean), skewness (b;) and kurtosis (bz,)
for the yield data of coconut at Kasaragod

Plot 1 RS 28 Central Block (n=155) Plot 2 RS 29 North Block (n==354)

Year Mean by by Year Mean by ba
1967 48.8 098** 4.41* 1961 56.2 0.19 2.93
1968 442 0.83** 361 1962 545  1.51%% 9.92%*
1969 40.2 0.88** = 3,92% 1963 47.2 0.63**  4,19**
1970 53.6 0.78** 3.26 1964  66.6 1.00%*  585%*

1971 476 141**  7.43%+ 1965 445 0.56**  3.82%*
1972 58.2  0.73%+  3.64* 1966  68.6 0.96**  500**
1973 501 0.95%* 435+ 1967  58.3  0.40*%*  3.99**
1974 414 097** 4.09* 1968 53.8  0.74%* - 4.07**
1975 550 = 0.52**+ 3.26 1969  59.1  1.99** 17.68%+
1976 434  081** 4.05* 1970  69.0 0.53**  4.33%*

*Significant at 5% level, **Sjgnificant at 1% level

Among the different transformations tried, square root trans-
formation of the form+/x 10 was found to be the best. This was

effective in reducing the magnitude of skewness and kurtosis in

Table 2. Effect of square-root transformations on the normality of dlstnbutlon
of yield data of coconut

Plot 1:RS 28 Central Block (n=155) Plot 2:RS 29 North Block (n=354)

/%38 4/ xF10 A X33 VxF10
transformation transformation transformation transformation
Year by bz by by Year by by by b2

1967 -0.03 293 0.22 2838 1961 -0.67** 3,58% -0.44** 3,09
1968 -0.16 2.61 005 254 1962 -0.02 4.62** -029* 4.67**
1969 -0.18 298 0.16 279 1963 -0.31** 330 -0.08 3.09
1970 -0.06 2.78 0.16 255 1964 -0.13 4.23%* 0,09 3.96**
1971 -0.09 4.29** 033* 4.07* 1965 -043** 3.15* .-0.14 285
1972 -0.47** 3.73* 0.06 3.06 1966 -0.06 3.62* -0.18 3.59
1973 -0.12 3.21 0.18 3.01 1967 -0.41** 333 -0.26* 3.21
1974 -0.17 2.97 020 284 1968 -0.15 314 -0.05 296
1975 -0.09 2,70 -0.01 = 2.51 1969 —0.13 547** -0.20 5.61**
1976 -0.12 - 3.04 0.13 288 1970 -0.48%* 411%* -028* 375%*

*Significant at 5% level **Significant at 1% level.
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all the years. In some cases, a shift to negative skewness was also
noticed. The conventional types of square root transformations
like V%, Vx+3/8, and v/ + 4/x1 were found to be of limited
use only, in the case of coconut (Table 2). T o

The effect of pooling data for consecutive years on the distri-
bution was further examined. Since bienniality has been shown to
be a significant feature in coconut also (Abeywardena, 1962, and
Jacob Mathew, unpublished), the effect of extreme values obtained
in alternate years gets evened out when the data for adjoining years
are pooled. The coefficients of skewness and kurtosis were found
to get reduced when data for two to five years were pooled. With -
transformation, skewness was found to decrease, accompanied by
a shift from positive to negative skewness (Table 3). -

Table 3. Effect of pooling data for consecuﬁve years on the normality of
di.tribution of yield of coconut (Plot 2:RS 29, n=252)

Original v/ x¥3/8 Vxiio
Period data transformation transformation :
by by by by by by

1961-62 0.39** 3.65* -0.34% 3.68* -0.21 3.53*
1962-63 0.57** 4.17** -0.25 3.89%* -0.09 3,73
1961-63 0.34* 3.58% ~0.37**  3.63* ~0.24 347
1962-64 0.59** 4.03** -0.15 3.74% -0.02 3.61*
1961-64 0.41** 3.62* -0.27* 3.60* -0.15 346
1962-65 0.39** 3.58* -0.31% 3.70* -0.17 3.48
1961-65 0.30* 3.47 -0.38**  3,64* -0.25 3.45
1962-66 0.52** 3.76* -0.16 3.71* -0.04 3.54*

Cunningham and Burridge (1959) in cocoa, and Chapas (1961)
in oil palm could get normal distribution of yield data by grouping
of trees. In coconut also, grouping of data for trees was found to
reduce the skewness (Table 4). In the different years for which this
was attempted, a gradual reduction in skewness was noticed with
increase in plot size, and with square root transformation of the
form 4/ 10, the distribution of yield was found to become normal.
However, in years where the distribution of original data itself was
highly skewed, not much improvement could be noticed with group-
ing of trees, even with square-root transformation (Table 4).-
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Table 4. Effect of multi-tree plots on the normality of distribution of yield
of coconut (Plot 2:RS 29, n=354)
Original data 4/ x+10 transformation
Year Plot size
(No. of trees) by b by b;

1967 1 0.41** 4,04** -0.26* 3.21

2 0.40* 3.97* -0.08 3.60

3 0.45* 3.03 0.16 2.79

4 0.56* 3.12 0.34 2.82

5 0.64* 3.07 0.46 2.83

6 0.45 2.85 0.27 2.69
1968 1 0.74** 4.07** 0.05 297

2 0.63** 2.54 0.21 2.95

3 0.30 2.67 0.01 243

4 4 043 2.70 0.19 2.65

5 0.32 2.62 0.13 2.52

6 0.70* 3.76 0.41 3.24
1969 1 1.99%* ~17.68** 0.20 5.61%*

2 1.60** 9.81** 0.73%* 5.66%*

3 1.46** 7.24%* 0.91** 4.95%*

4 1.19*# 591%* 0.70%* 471%*

5 1.26** 5.28** 0.93%* 4,34%%

6 1.17** 4.84 0.87** 4,25*
1970 1 0.53** 4.33%* —0.28* 3.75%*

2 0.73** 4.42 0.20 4.01*

3 042 2.73 0.21 2.56

4 0.50* 3.29 0.24 3.01

5 0.40 3.54 0.14 333

6 0.27 2.39 0.13 236

*Significant. at 59, level

**Significant at 1% level.

It follows from the above analysis that square-root transfor-
mation of the form +/x 10 is necessary while analysing the yield
data of coconut, for normalising the distribution. Even when multi-
tree plots are used, the above transformation is suggested before
the yield data is subjected to tests of significance, using analysm of

variance technique.
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The inter-relationship between the yields obtained in the dif-
ferent years was also examined. Coefficients of correlation, *piq,
were calculated for the mean yields of sirgle trees between an
earlier period of p (=0, 1, 2, 3, 4 and 5) years and a later period of
9(=1,2, 3,4, and 5) years separated by an interval of i (=0,1,2,3,
4 and 5) years. The yield data for 1961-80, for a group of 252 palms
(RS-29, North Block), was used for this study. It was seen that,
though the yields obtained in the different years are highly
correlated, the relationship is comparatively weak when the annual
data for immediately preceding and succeeding years are considered.
This is due to the alternate bearing tendency shown by some of the
palms. Compared to this, the correlation was much higher when
there was a gap of one year, between the two years under considera-
tion. When the data for groups of years were considered, the coeffi-
cients of correlation were found to go upto 0.9. However, marginal
decreases in values were noticed when the gap separating the earlier
and later periods was increasing.

The use of ancillary variables in the analysis of covariance for
reduction of expe imental errors is a widely accepted practice. The
variation in perennial plants is mainly due to environmental vari-
ation and also itherent genetic variability. Covariance analysis is
intended to even out the ge etic variation, which is generally of
greater magnitude. Shrikhande (loc. cir). has found that genetic
and environmental components are in the ratio of 2:1 or 3:2,
though Pankajakshan (1960) later showed that environmental
compone~t is more important when data are considered in blocks
of four years or more. In view of the close relationship observed
betw en the yields obtained in the different years, covariance analysis
was attempted using different combinations of earlier and later
periods. Relative effi:iency of this type of analysis, as measured by
the ratio of inverses of error variances, was calculated in all these
cases (Table 5). Pooling the data for consecutive years was found
to increase the efficiency by about 50 to 60 per cent. However,
when pre-experimental data were used in covariance analysis,
substantial reduction in variance and consequent improvement in
efficiency was noticed. Use of two years pre-treatment data was
found to almost double the efficiency, compared to what was
obtaired with single year’s data. Relative efficiency was seven
times higher with the use of two years pre-treatment data and nine
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Table 5. Efficiency of pooling data for post-treatment period with and thh-
out covariance analysis (n=252, period: 1961-80)

Earlier Later period (g)
© Gap(i) period(p)
. 1 2 3 4 5
— 0 100 148 155 160 - 163
0 1 121 262 280 314 333
2 176 482 538 -657 720
3 179 513 606 718 789
4 192 569 697 824 903
5 200 574 714 827 946
1 1 202 331 - 367 382 389
2 219 531 631 718 738
3 224 575 705 790 820
4 227 604 741 844 913
5 7 229 605 746 884 917
2 1 143 ~ 273 306 327 346
2 187 436 555 607 656
3 197 488 597 646 729
4 209 527 652 - 740 796
-5 203 524 669 724 814
3 1 147 266 295 308 321
2 179 436 490 537 585
3 184 449 515 594 605
4 169 455 550 600 644
5 164 468 548 615 696
-4 1 157 285 318 - 340 368
2 200 - 439 516 582 598
3 197 455 . 559 590 642
4 202 500 597 657 703
5 211 507 615 649 715
5 1 160. 287 324 359 364
: 2 183 414 496 530 573
3 183 455 525 568 615
4 201 477 575 - 623 669
5.

209 491 567 620 659

times higher with five years’ pre-treatment data, when data for five
years in the post-treatment period was considered. From the above
‘analysis, it may be concluded that, as and when the experiment
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progresses, it is desirable to use the progressive average yields for
analysis, instead of analysing the annual yield data every year.
That is to say, in the first year of the experiment, thefirst year’s data
can be analysed, while in the second year, the average yield for the
first two years, and in the third year, the average yield for the first
three years and so on, may be considered for analysis. Except in
places where past yield records are regularly maintained, it is enough
to consider only two years’ data immediately prior to the commence-
ment of the experiment, for covariance analysis. Present data did
not support Govinda Iyer’s (1957) suggestion of using three years’
pre-experimental data for covariance analysis. Sen and Biswas
(1966) have shown in tea, that adjustment of yield due to co-variance
analysis generally ceased to be efficient after the first five years’
experimentation in manurial trials. In the case of coconut, no
such trend was noticed, though marginal decline in efficiency was
visible, as the gap between pre-and post-experimental periods was
increasing.
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DIsCuUsSION

A. I JOSE: Did you try the transformation 4/¥LT1? Can the 4/ xF10
transformation be applicable to all types of experiments in coconut?

JACOB MATHEW: Yes, we tried 4/xF1 transformation along with trans-
formations like 4/x7-273, 4/ x+ 20, 4/ 1430, v/ x40, 4/ x50, Log (X + 10),
etc. 4/x10 is expected to be applicable for all types of experiments
irrespective of the type of treatment.

A. L J.: What should be the minimum period for taking cumulative yield?
Is it not dependent on the type of treatment?

J. M.: This aspect was not studied.

N. R. SHANTHAMALLAIAH. Can we take five years average yield data of
coconut and subject it to analysis after 4/x10 transformation? This I
want to know because coconut needs 34 years from flower primordium to
harvest of ripened nuts. .

J. M. Our suggestion is to use the progressive averages for analysis. As and
when the experiment progresses, we can go on adding the data. If you expect
delay in getting response to treatments, we can leavé a gap of one or two
years, immediately after the commencement of the experiment.
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ABSTRACT

A study conducted for three years during 1978-81 to standardize
a technique for forecasting cashew yield based on seven biometrical
characters recorded at weekly intervals, revealed that yield can be
forecast with reasonable precision (R2==0.64) by a single spot observa-
tion made during the peak flowering period (February-March). The
number of variables could be brought dowa to three viz. the number of nuts
on the tree, condition of flowering (graded © to 5), and canopy area,
without substantially affecting the accuracy of the estimate (R2=0.61).

INTRODUCTION

Pre-harvest forecasting of agricultural crops is essential in
research and development programmes. In annual crops like paddy,
wheat, cotton, jowar, and jute, methods have be.n dev.loped for
pre-harvested forecasting. Singh, Jha and Aneja (1979) have dis-
cussed various forecas ing methodologies and reviewed the various
forecasting systems in relation to annuals, but there is very little
work on perennial crops. Vernon (1971) estimated the annual
yield of cocoa from sample picks. Arul Raj, Narasimhayya,
Haveri and Rajasulochana (1979) estimated coconut yield based on
snap observations. George and Vijaya Kumar (1979) developed a
forecasting method for cashew based on sample observations taken
on different occasions during the flowering period.

The harvest of cashew extends to about 4 months and it is
rather difficult to collect the yield data from individual trees. The
present study was conducted to identify suitable biometrical charac-
ters, to find out the optimum period of sampling and to standardize
a technique of forecasting cashew yield based on, if possible, a
single observation.

CPCRI contribution No. 245.



MATERIALS AND METHODS

Forty cashew trees in the 15-20 years age group were selected
at random each year, for three years beginning from 1979, from the
cashew plantation of Plantation Corporation of Kerala at Muliyar.
Observations were recorded on the number of shoots (x1), number
of panicles (x) and number of nuts at all stages of maturity (x3)
counted from im xX4m dimension onthe canopy of the tree taken
from four directions, north, east, south and west. The total number
of nuts in the tree (x,) was counted and the condition of flowering
(x5) recorded at weekly intervals. The first round of observations
for the initial year was recorded during the last week of February
(when about 509 of the trees had nuts in the peanut stage) and
for the next year (1980) during the middle of February. During
the last year (1981) the first round of observations were recorded
during the last week of January in order to study the early stages
of flowering also. The obsgrvations were continued for 14 weeks
during the first year, 12 weeks in second year, and 8 weeks in
the third year. The canopy area (x7) was worked out. The total
yield of nuts (Y) in the daily harvest and average weight per nut
(x6) was determined. Multiple regression equation of the form
Y=b,+3b;x; using the above observations were worked out
for each week to forecast the final yield (Y). The regression
equations were tested for homogeneity, and combined estimates
were arrived at for each year. The regressions were further pooled
over the years after eliminating the year effect to get a forecasting
equation for any year. :

RESULTS AND DiscussioN

Table 1 gives the coefficients of determination for the multiple
regression equations based on the 7 biometrical characters. During
1979, first round of observations gave the maximum coefficient of
determination, while in the second year, the 3rd, 4th and 5th rounds
gave very high R2 (0.92 to 0.94), and during 1982, higher R2 values
were obtained for 6th, 7th and 8th rounds (0.84 to 0.89). When
tested for homogeneity of regressions over the rounds, 1st, 2nd and
3rd for 1979, 3rd, 4th and 5th rounds during 1980 and 5th, 6th, 7th
during 1981, were found to be homogeneous. It was seen that these
rounds in each year corresponded to the peak flowering phase with
large number of nuts in the peanut stage, thereby showing that
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Table 1. R2 values for the regression equation to predict total yield using seven
biometrical characters

Rounds/Weeks ‘ 1979 1980 1981
1 0.55%* 0.82%* L 0.65%*
2 0.42%* 0.91%+ 0.60%*
3 0.44%+ 0.92%* 0.77%*
4 0.47%* 0.94%* 0.65%*
5 0.38* 0.94** 0.75%*
6 0.46%+ 0.81%* 0.84**
7 0.38** 0.87** 0.89%*
8 0.39* 0.68%* 0.89**
9 0.40* 0.59%*

10 0.41% 0.62%*
1 0.45%* 0.38*
12 0.39* 0.49%*

*Significant at 5 % level; **significant at 1% level.

this is the correct stage for tecording observations to predict the
yield. ’

Table 2 gives the coefficients of determination ‘obtained by
combining 3 rounds of observations within each year and pooled
estimate over the years eliminating year effect for all the 7 charac-
ters together, as wellas the- three important characters namely, num-
ber of nuts (x,), condition of flowering (xs), and canopy area
(x7), and then taking number of nuts(x,),and canopy area (x7) only.

Table 2. R2 values for regression equation to predict the total yield by
combining rounds and years.

Years With all the With 3 characters With 2 characters
7 characters: X4, xs and x7 x4 and x7

1979 : .
(1, 2 and 3) - 043 0.36 . 0.20
1980
3, 4 and 5) ' 0.88%* 0.84%* 0.84%*
1981
5, 6 and 7) 0.81** 0.80** 0.79**

Pooled for 3 years 0.64** 0.61** - 0.59%*

**Significant at 1%, level.
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The contribution from characters other than x,, x5 and x7 were
found to be negligible as was evident on comparing the respective
R? values. The trend was same in all the years. The R2 values were
low in 1979 and high in 1980 and 1981. The year 1979 was a lean
year for production because of severe tea-mosquito attack which
may be the possible reason for low R2 for that year. The regression
equation obtained for forecasting the total yield (in kg) of cashew
obtained by pooling the combined regressions for the three years,
eliminating the year effects was as follows:

Y= -2.401-0.002x1+0.013x,+0.015x3+0.010x,
(0.0045) (0.0071) (0.0111) (0.0008)

+0.228 x5 +0.204 x5 +-0.007 x4 (R2=0.64)
(0.0728) (0.0485) (0.0020)

It is seen that the coefficients for the characters, number of shoots
(%1), number of panicles (x,), and number of nuts (x3) per unit area
were not significant. Average number of nuts can be obtained only
after harvesting at least a few nuts from the trees and as such this
character cannot be observed in the pre-harvest stage. It is seen
from Table 2 that the contribution of these four characters is not
substantial (R2 is reduced from 0.64 to 0.61). Hence, the prediction
equation is reduced to: '

Y'=1.459-10.0094x, +0.3314x5+0.0082x; (R2=0.61),
(0.0005) (0.0058) (0 0019)

where x, is the number of nuts onthe tree, xs is the condition of
flowering graded from 0 to 5 depending upon the flowering at any
time during the peak flowering period of about a month, x; the
canopy area (in m2), and Y is the estimated yield in kg. It shows
that by taking a single spot observation on these three characters
at anytime during the peak flowering period, the yield can be
forecast with reasonably good precision (R2=0.61). In cases where
high personal bias is suspected in recording the condition of flower-
ing (x5) the same can be deleted, and the prediction equation reduced
to: Y=-0.43+0.01x,+0.0075x7, without much loss of precision
(0.0005) (0.002)
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(R2=0.59). Considering the cumbersome nature of the procedure
for finding out the yield per tree based on daily harvest of nuts for
a period of 3-4 months, the above result based on a single spot-
observation is very much relcvant. By this method, the estimate of
the final yield can be made 4-5 months before the completion of
harvest. This study also specifies the period of recording observa-
tions for forecasting cashew yield as the peak flowering phase, and
only one round of observations is needed for the purpose. Thus,
this is an improvement over our previous study (George and Vijaya
Kumar, 1979).
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DISCUSSION

R. C. MANDAL: Branching habit of cashew is extremely variable. Hence
the prediction may not hold good.

M. V. GEORGE: As the canopy area is directly correlated with branching
habit, the prediction will hold good.

C. RAMACHANDRAN: Can we use this formula for forecasting future
yield from a tree?

M. V. GRORGE: No. This technique is applicable only for the current
season.
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ABSTRACT

The results of a survey conducted to study the impact of 3 UPASI—
Tea Board’s small tea growers development schemes, namely training,
supply of clonal plants, and demonstration plots, on the yield of small tea
gardens in the Nilgiris, are reported in the paper. The training imparted
by the centre has enlightened over thousands of small farmers who have
formed nuclei for further diffusion of scientific methods of tea cultivation.
Demonstration plots serve not only to remove mental inhibitions of small
farmers which prevent them from adopting new innovations as some-
thing beyond their capabilities and resources, but also as pre-extension
research centres for identifying the technical, economical and social
constraints in adopting them and the modifications required to make them
acceptable, These attempts resulted in many unemployed graduates
accepting commercial v.p. nurseries as one of the economically viable
self-employment avenues.

INTRODUCTION

In the Nilgiris, tea is a major crop of economic importance
grown in about 24,738 ha. The main departure from the rest of the
tea growing areas in the State is the existence of a large number of
small tea gardens, 6344 holdings of 1.1 ha average size occupying
29.2 percent of the total tea acreage of this district(Table 1). The small

Table 1. Small Tea Growers in South India

District Number  Area

(ha)
Nilgiris 6344 7210
Kottayam 3684 1799
Other Districts—Kerala 205 328
Other Districts—Tamil Nadu 2 6

Source: Tea Statistics (1980-81), Tea Board, Calcutta.

a
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tea growers practice traditional or subsistence culture; their average
yield is about 800 kg/ha compared to more than 2000 kg/ha made
tea in the corporate sector. If average vield of the small tea gardens
is incieased to the level of the corporate sector, this alone will add
Rs. 12 crores/annum to the revenue of the district. This paper deals
with the UPASI-Tea Board Schemes to educate the small tea growers
on scientific cultivation practices, and their impact on yield as well
a: on the awareness of small growers to utilize the institutional
supports available to them for their uplift.

MATERIALS AND METHODS

The UPASI-Tea Board schemes essentially envisage, (i) train-
ing (i) demonstration, and (iif) supply of high yielding clones at
subsidized cost. In the training programme, the effective transfer
of technology appropriate to the specific conditions and resources
of the small growers is planned and executed. Taking into account
the rural socio-economic background of the small growers, the cur-
riculum includes, besides tea crop husbandry practices, (i) general
horticulture, (ii) soil conservation, (iii) animal husbandry, and
(iv) environmental hygiene and family welfare. They are educated
about the development schemes operating in the area and also about
the institutional supports available for resources and finance in
particular, and for techological advice. The trainees are given a
stipend of Rs. 100 besides the actual travelling expenscs for attending
classes, and free stationery materials, The trainees include local
teachers owning tea gardens, small tea growers, and also the women-
folk who are actually engaged in field work. About 2500 persons
have been trained so far, in 80 batches, since the inception of the
scheme in 1979.

Demonstration plots are maintained in nine centies, Bangal-
mattam, Mulliyur, Kattabettu, Selas, Mahalinga, Kil-Kotagiri,
Manjoor, Yedakadu, and Glysdale, where all the operations are
carried out in presence of small tea growers of the area. The main
objective is to break the mental barriers of the small tea growers
who think that the new innovations are beyond their capabilities
and resources, and also to have free discussions with them to identify
any technical, social or economic constraints in adopting the opera-
tions, and the modifications required to make them acceptable.
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The pamphlets providing necessary technical information of the
operations carried out each time, are also distributed to those present.
As the high cost inputs should virtually come from outside the
traditional system, the supply of improved clonal plants at subsidized
cost is also made to those trained for consolidation of their area by
infilling, and also for new planting and replanting.

The contact with the trainees is kept alive through a follow-up
involving, (i) advisory visits, (if) refresher courses for reorienting

the trained grower, (iii) mass contact programmes, regionwise, and
(iv) field days.

All these schemes were started in 1979. To s‘udy the impact
of the schemes, a random sample of 10 per cent of the sm 1lgrowers
who were trained in 1979, were selected and the data collected using
a structured interview schedule (Lingan, 1981; Chandrasekaran,
1981) in three parts: (i) basic information like area under tea, crop
harvested during the last 5 or 6 years (ii) adoption level of various
recommended practices and the problems faced if any by them, and
(iii) the knowledge level of the respondents with regard to scientific
cultivation practices and their awareness and utilization of institu-
tional supports.

RESULTS AND DISCUSSION

1. Adoption of scientific/improved practices

The extent of adoption of improved practices in various areas
of tea cultivation is given in Table 2.

It is gratifying to note that the small tea growers have started
adopting the new recommendations even in areas involving high
cost inputs such as manuring, and also those with a gestation
period for pay off such as consolidation by infilling and extension
planting. This is partly due to the healthy competition among the
institutions, the cooperative factories and private bought leaf
factories, for absorbing the green leaf produced by the small tea
garden which helped to maintain the bargaining power of the small
gorwers at reasonably good level.

However, there are certain relatively high pay off low input
areas such as plant protection, correction of zinc deficiency and
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Table 2. Extent of adoption of recommended practices (per cent)

Area Member Small Specific aspects
estates* growers of improvement
Manuring 90 47 (30) Nutrient ratios and split
applications
Plant protection 97 38 (20) Correct dosages, timing
and spraying techniques
Cultural 90 56 (25) Pruning, tipping and pluck-
ing practices
Weed control 75 12 (95 Use of herbicides for weed
control
Zinc deficiency 90 67 (15) Correct dosage and timing
Consolidation efforts 80 65 (10) Use of v.p. plants
Horizontal expansion *ok 75 (30) Contour double hedge
planting and use of suita-
ble clones.
Soil conservation 80 60 (50) Contour stone walls, drains

and staggered trenches

*Evaluation of tea culture, development and prospects in South India—a
survey and presentation by UPASI 1977.

*¥Limited by land registration laws.

Figures in brackets denote the extent of adoption in early seventies. .un-
published survey report of the Advisory Officer, Nilgiris.

liming, where the level of adoption is lower than normally ex-
pected. This is because of the difficulties in procuring them in small
quantities required by small tea growers.

The overall extent of adoption of recommended practices in
small tea gardens as compared to member estates is given in Table 3.

Table 3. Overall extent of adoption of recommended practices

% Distribution

Extent of adoption Member Small tea
estates* growers
Low upto 35% 5 26
Medium 35-70%, 15 53
High Above 709 80 21

*Evaluation of tea culture, development and prospects in South India—a
survey and presentation by UPASI, 1977.

4
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The small tea growers who were once predominantly low
adopters are now mainly medium adopters, and this change especial-
Iy during the period of tea crisis is quite commendable. With the
improvement and stabilization of tea prices, the rate of adoption
in intensity and extent is certainly bound to increase.

2. Knowledge Level of Trained Growers

- The knowledge level of the trained growers interviewed after
2 to 3 years of the training is given in Table 4. There was considera-
ble improvement in knowledge level of the small tea growers,
showing 58 % increase in persons having medium level, and 5% in
persons having high level of knowledge. The subjectwise knowledge
level of the trained growers is given in Table 5.

Table 4. Overall knowledge level of trained growers

F s

Level % Distribution
Before* After
Low 78 15
Medium 15 73
High 7 12

*Judged at the time of admission of growers to training.

Table 5. Knowledge level of trained growers—subjectwise

Subject/area Knowledge level (%)
Planting, training of young tea 60
Pruning and plucking 45
Manuring, liming and correction of zinc

deficiency 52
Plant protection 42
Soil conservation 60
V.p. nursery 84
Credit sources and institutional support 80

Source: Chandrasekaran (1981).

The knowledge level on various aspects of crop husbandry
practices was quite good even after 2-3 years of the training. Where
finance is concerned, such as credit sources, and where the commer-
cial exploitation is possible, such as in v.p. nursery, the knowledge
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level is very high indicating the eagerness of the small tea growers
to enhance their socio-economic status by utilizing the institutional
supports available to them. The knowledge level on soil conser-
vation is always of high degree in the Nilgiris because of the aware-
ness created by the good work done by the Central Soil Conservation
Research and Training Centre at Ootacamund, and also the generous
subsidy offered by the various Government agencies, like the Hill
Area Development Project and Kundah River Valley Project.

3. TImpact of the Schemes

The positive influence of the UPASI-Tea Board schemes on
the knowledge level of growers and the extent of adoption of im-
proved practices is seen by the increase in, (i) yield (i) consolidation
efforts (iii) new replantings (iv) utilization of institutional supports
and, (v) commercial exploitation of v.p. nurseries by educated
unemployed. The impact on yield is shown in Table 6. The
impact on yield is more strongly felt in an area in the vicinity
of Demonstration plot as shown in Table 7.

There was a considerable increase in awareness and utilization
of institutional supports (Table 8). The farmers have utilized insti-
tutional supports for the purposes for which they are sought and
they have used them to appreciate their assets by longterm planning,
such as consolidation of areas by rejuvenation pruning and infilling,
new replantings, and commercial exploitation of v.p. nurseries
(Table 9). The number of v.p. nurseries managed by educated

Table 6. Impact on yield (surveyed gardens)

Yield 1976-78 1979-80 Increase

level (kg/ha) %
Maximum 1847 2839 53.7
Average 1065 1314 328
District average 1874 1994 6.4

Table 7. Impact of Demonstration plot on yield
(Member gardens of bought leaf factory in the vicinity of the Demonstration plot)

Item Increase (%)
Area in ha 134
Yield in kg/ha : 22.8
Total green leaf supplied 393

Demonstration plot yield kg/ha 86.4
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Table 8. Awareness and utilization of institutional support

Institution Increase/annum
No. Per cent
Tea Board 242 36.5
NABARD 58 94.1
HADP 953 88.6
Total 1253 70.3

NABARD: National Bank for Agriculture and Rural Development.
HADP: Hill Area Development Project.

Table 9. Impact of schemes—Long-term planning

Item 1979-81  1976-78
Rejuvenation hajyr 628 396
Replanting ha/yr 27 14
V.P. nurseries 18 6
Plants raised lakhs/yr 13.0 6.7
*Plants purchased (HADP) lakhs/yr 59 5.5
**Plants purchased (NABARD) lakhs/yr 9.0 4.5

Source: *Executive Engineer, HADP, Ootacamund, Nilgiris.
**Project Officer, NABARD Scheme, Ootacamund, Nilgiris.

unemployed and small tea growers increased from 6 to 18 after the
training. The total number of plants raised and purchased by
the small farmers from various agencies also showed a high rate of
growth consistent with their consolidation and planting pro-
grammes.

The rate of adoption of a new practice by a traditional farmer,
even if they are provided with the means to buy the necessary inputs,
depends on profitability with due allowance for risk and uncertainty
(Arnon, 1978). The increase in rate of adoption of new improved
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practices during 1979-81 in spite of tea crisis, speaks of the psy-
chological change on the mental attitudes of small tea growers in
Nilgiris who look forward to a better standard of living and socio-
economic status. The change is expressed and measured as a desire
for adoption of better cultivation methods with long-term interest
such as, consolidation efforts (rejuvenation pruning and infilling),
and horizontal development (new and replantings). There is a gene-
ral improvement in the knowledge level of trained small growers
and the retentivity of imparted knowledge is also good.

While discussing the changing soil quality concepts in agricultural
systems, Warkentin and Fletcher (1977) reported that the future
constraint in crop productivity efforts will be institutional/organiza-
tional for effective technological transfer (knowledge use) and
also for resource distribution. Creating awareness about the
institutional supports available for resources, and finance in parti-
cular, and for technological advice, and teaching the small growers
how to utilize them, have given expected rewards, increase in utiliza-
tion of institutional supports and also making them recognize
the importance of long-term interests.

Carrying out the operations in presence of small tea growers
in demonstration plots with free discussions, have helped them
understand the basic principles involved in the improved practices
and also these plots have served as pre-extension research centres
for ic!entifying the technical, economical and social constraints in
adopting the recommendations and modifications required to make
them acceptable. Low degree of adoption of plant protection,
correction of zinc deficiency, liming, and also manuring to some
extent, is due to difficulties in getting these agro-chemicals in small
packings and also due to lack of retail outlet in the interior areas.
The impact of the above schemes is quite impressive, and by ex-
tending the institutional support in intensity and extensity, it is
possible to completely break the mental inhibitions of traditional
growers and make them accept new innovations, which have proved
useful in the adjacent gardens of the corporate sector, as something
within their capability and resources. '

As the small tea growers started recognizing the importance
of long-term planning, the demand for v.p. plants has grown out
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of proportion within a short petiod. Many educated unemployed
have taken up commercial v.p. nursery as a self-employment avenue,
and their success is mainly due to timely institutional support for
resources and technological advice. The Nilgiri farmers have also
accepted tea as a diversification crop in steep potato areas, and
already 40 acres of tea have been planted as demonstration units
in the last two years under the UPASI-Tea Board scheme for
diversification of crops in Nilgiris.

To sum up, UPASI-Tea Board have produced tremendous
influence in breaking the mental inhibitions of small tea growers,
prevented them from adopting new innovations, and some of
the areas where breakthrough is pronounced and strongly felt
are: (i) v.p. nursery as a commercially exploitable avenue, (ii) tea
as a diversification crop in the non-traditional areas, (iii) confidence
in scientific practi€es, (iv) confidence in their capabilities, and
(v) exploitation of institutional support for resources and finance
in particular, and for technological advice.
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ABSTRACT

Between 195051 and 1980-81 though the area planted under coconut
has been quite noticeable, the production growth rate has always lagged
behind the planting rate, suggesting that productivity is declining. During
the 1970s, the compound growth rate of coconut yield for Kerala was
(-) 2.0 per cent/annum, while the corresponding rates for the other major
producing states, namely Tamil Nadu and Karnataka were 1.0 per cent and
0.17 per cent respectively. Largely influenced by Kerala, the trend in all-
India productivity for the period under reference was (-) 0.9 per cent/annum.
We should plan for a growth rate of 7.0 per cent to bridge the supply gap.

INTRODUCTION

In India, Coconut is mainly grown in homestead gardens as a
small holder’s crop. Its cultivation is largely localized in the west
coast region and to a small extent in the east coast. The crop is
grown under a very wide range of soil conditions from littoral sand
to clayey soils, strongly acidic peaty to alkaline calcareous soils, and
ill-drained, low-lying marshes to well-drained hill slopes. The culti-
vation of coconut and related activities offer employment to about
10 million people in India. In the last two decades coconut situation
in the country is far from satisfactory mainly because of socio-
economic constraints. This paper aims to study the trends in
coconut area, production and yield in the country in general and
major coconut growing states in particular, during the sixties and
seventies. The data on the area, production and yield used
in this paper are the estimates of the Directorate of Economics and
Statistics, Ministry of Agriculture, Government of India.

CPCRI contribution No. 230.
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Trend in Coconut Area

As regards India, the area under coconut has been increasing
during last three decades, from 622,000 ha in 1950-51 to 717,000 ha
in 1960-61, 1046,000 ha in 1970-71 and 1082,000 ha in 1980-81. In
other words, the coconut area expansion was atthe rate of 1.15 per cent
per annum during the fifties, 1.46 per cent during the sixties and
1.03 per cent during the seventies. The coefficient of variation (CV)
in coconut area in India between 1960-61 and 1979-80 comes to
13.78 per cent and for the major coconut growing states notably
Kerala, Karnataka and Tamil Nadu the same was 12.72 per cent,
17.32 per cent and 19.91 per cent respectively. At present, Kerala
alone accounts for two-thirds of the total area under the crop.
Karnataka and Tamil Nadu are other major states, the former
accounting for nearly one-seventh and the latter around one-tenth
of the country’s c?conut area (Table 1).

Table 1. State-wise distribution of Area and Production of Coconut during
the Sixties and Seventies (per cent of India)

196061 to 1969-70 1970-71 to 1979-80
State

Area Production Area Production
Andhra Pradesh 3.98 4.56 3.66 2.86
Assam 0.39 0.22 0.42 0.33
Karnataka 12.37 8.45 13.65 12.88
Kerala 68.30 67.64 65.54 60.72
Maharashtra 0.99 0.67 0.84 0.85
Orissa 0.92 0.75 1.20 0.88
Tamil Nadu 9.00 14.66 10.01 17.86
West Bengal 0.79 0.43 0.62 0.38
Andaman & Nicobar
Islands 0.95 0.71 0.170 1.03
Lakshadweep 0.30 0.35 0.26 0.36
Other States 2.01 1.56 2.10 1.87

All-India Index Numbers of coconut area with triennium ending
1959-60 touched 157 points in 1980-81. The maximum expansion
was noticed in the case of Assam (675 points), followed by Orissa
(500 points), Andaman and Nicobar Islands (345 points), Tamil
Nadu (219 points) and Karnataka (184 points). In the case of Kerala
however, the Index Number rose to 157 points in the year 1974-75,
then declined to 138 points in 1978-79 and further moved to 140
points in 1980-81.
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District-wise estimated compound growth rates in area reveal
that in the case of Kerala, barring Kozhikode district, in all other
districts the growth was negative leading to (-) 1.33 per cent growth
rate per annum for the state during 1970-71 to 1979-80. In the
case of Tamil Nadu, four out of twelve major coconut growing
districts, namely Thanjavoor, Tiruchirapalli, Ramanathapuram and
Coimbatore, showed negative growth, while the remaining districts
recorded positive growth in area. The growth rate for the state as a
whole was 0.86 per cent per annum. Similarly, Karnataka registered a
growth rate of 2.84 per cent with all the nine coconut growing districts
having positive growth rates. The compound growth rate for India
as a whole is found to be (-) 0.14 per cent per annum for the
period under reference (Table 2).

Table 2. Fstimated Compound Growth Rates of Area, Production and Yield
of Coconut in different Districts of Coconut-growing States during 1970-71 to
1979-80 (% per annum)

Area Produc- Yield Area Produc- Yield

tion tion
KERALA: -13 -34 -20 Mandya 32 07 -19
Trivandrum -04 -~ 37 -34 Mysore 47 -57 -10.0
Quilon 24 -69 -46 Tumkur 24 128 101
Alleppey -39 -6.8 -3.0 North Kanara 06 -30 -36
Kottayam -45 -8.1 =37 South Kanara 2.9 3.0 0.1
Idukki -6.8 -17.2 -11.1 TAMIL NADU 1.0 2.5 1.4
Ernakulam -0.7 - 23 -135  Chengalpet 41 293 241
Trichur -1.1 - 038 0.17 South Arcot 22 137 113
Palghat -23 -36 =-12 North Arcot 03 36 32
Malappuram -1.0 - 1.1 - 0.03 Salem 47 8.2 33
Kozhikode 1.1 -10 -22 Dharmapuri 67 126 54
Cannanore -1.0 - 0.2 0.7  Coimbatore -0.1 48 - 46
Tiruchirapalli -22 05 28
KARNATAKA 2.8 32 0.1  Thanjavoor -51 007 55
Bangalore 4.8 2.2 -24 Madurai 16 -24 -40
Chickmagalur 1.9 -11.9 11,0 Ramanathapuram -0.5 -0.2 - 6.2
Chitradurga 3.2 4.6 1.3 Tirunelveli 1.3 173 6.0
Hassan 2.1 2.2 0.09 Kanyakumari 27 6.2 34

INDIA -01 -10 -09
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Trend in Coconut Production

The production of coconut in India increased from 3582
million nuts in 1950-51 to 4639 million nuts in 1960-61, and to 6075
million nuts in 1970-71. The record harvest of 6124 million nuts
was observed in the year 1971-72; thereafter it declined to 5851
million nuts in 1973-74, and in the following year it increased to
6030 million nuts, but again continuously declined and reached the
level of 5413 million nuts in 1977-78. The production picked up
modestly to 5471 million nuts in 1978-79 and 5830 million nuts
in 1979-80, and fell to 5677 million nuts in 198081, The coefficient
of variation in coconut production in India between 1960-61 and
1979-80 comes to 9.42 per cent.

The average production of nuts in India for the fifties, sixties
and seventies were of the order of 4157 million nuts, 5087 million
nuts and 5840 millipn nuts, respectively. In other words, coconut
production in the sixties was 22.4 per cent higher than that of the
fifties and in the seventies, it was 14.8 per cent higher than that of
the sixties. This shows that the production is increasing at
decreasing rate eventhough the trend is not very stable.

All-India Index Numbers of coconut production with triennium
ending 195960 rose to 133 points in 1971-72 and then moved
downwards to 118 points in 1977-78, again increased to 127 points
in1979-80 but slided down to 124 points in the following year. While
the index numbers ia respect of Kerala and Andhra Pradesh were
reduced to 93 and 55 points, respectively in 1980-81, the same were
raised to significant levels in Karnataka (189), Tamil Nadu (265),
Orissa (274), Assam (279), and Maharashtra (181).

The compound growth rates of coconut production during
1970-71 to 1979-80 were found to be negative in all the districts
of Kerala leading to (-) 3.41 per cent growth per annum for the state
as a whole. In the case of Tamil Nadu, only in three districts
namely, Coimbatore, Madurai and Ramanathapuram, the growth
rates were found to be negative and in the remaining districts these
were positive resulting in a growth rate of 1.83 per cent per annum
for the State. Similarly, in Karnataka in three out of nine coconut
growing districts, namely Chikmagalur, Mysore and North Kanara
the production growth rates werenegative, while the state’s growth
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rate was 3.24 per cent per annum. The compound growth rate for
coconut production in India for the period 1970-71 to 1979-80
comes to (-) 1.06 per cent per annum (Table 2).

Kerala accounts for nearly 53.3 per cent of the total production
of coconut in the country, while Tamil Nadu and Karnataka account
for mnearly 20per cent and 15.5 per cent respectively. These three
southern States together constitute 89 per cent of total coconut
production while accounting for the same 89 per cent of total
coconut area in India.

Trend in Productivity

The average yield of nuts per ha in India was 5779 in 1950-51.
The productivity averaged to 6366 nuts for the fifties, 5911 nuts
for the sixties and 5411 nuts for the seventies. It reveals that the
yield of coconut in India per unit area is of the decreasing order over
these years and the decline comesto7.1 per cent between fifties and
sixties and 8.5 per cent between sixties and seventies. Between 1950-61
and 1980-81, the maximum yield of 7012 nuts/ha was observed in
the year 1953-54, and the minimum yield of 5121 nuts/ha
in the year 1977-78. So far as the major coconut producing states
are concerned, the per hectare productivity for the 50s, 60s and 70s
in the case of Kerala averaged to 6462, 5854, and 5013 nuts,
respectively, whereas in the case of Karnataka it was 4410,
4039, and 5106 nuts, and for Tamil Nadu it was 7832,
9635, and 9657 nuts. Taking into consideration the 1980-81
figures, the average yields of Kerala and Karnataka are 13 per cent
and 1.3 per cent lower, and of Tamil Nadu 86 per cent higher than
the all-India average of 5246 nuts/ha.

The estimated compound growth rates for different districts in
Kerala suggest that in all the districts excepting Cannanore and
Trichur, the growth was negative and the State’s growth rate duting
1970-71 to 1979-80 was found to be (-)2.11 per cent per annum. In the
case of Karnataka, in four districts namely, Mysore, Bangalore,
North Kanara and Mandya the growth was negative and in the
remaining districts under review it was positive, the State’s growth
being 0.17 per cent per annum. Similarly, in the case of Tamil Nadu,
the productivity was found to be negative only in respect of Rama-
nathapuram, Coimbatore and Madurai districts and the State’s
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growth rate was 1.40 per cent per annum duting the 70s. However,
the compound growth rate in coconut productivity for the country
as a whole was (-) 0.92per cent per annum during the period under
reference (Table 2).

Index Numbers for coconut productivity in India with base at
triennium ending 195960 slided downwards and touched below
80 points during 1977-78 and 1978-79, and rose marginally to 84
points in 197980 but again fell to 81 points in 1980-81. In the case
of Kerala it has come down to 66 points while Karnataka and Tamil
Nadu recorded 103 points and 121 points in 198081,

The coefficient of variation in the productivity of coconut
between 1960-61 and 1979-80 was 9.96 per cent for Kerala,
15.08 per cent for Karnataka and 11.17 per cent for Tamil Nadu,
while the same was .98 per cent for India as a whole.

SumMiNng Up

The demand for coconut in India has been estimated for 2000
A.D. by the National Commission on Agriculture as 13,585 million
nuts. In order to achieve self-sufficiency in coconut, the country’s
production has to be raised by nearly 140 per cent from its present
level within a period of twenty years. This suggests that India should
plan for a growth rate of 7.0 per cent per annum to bridge the supply
gap. Considering the technological potential available within the
country, India can achieve the target by removing the socio-economic
constraints and institutional bottlenecks.
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PERFORMANCE OF COCONUT CULTIVAR ‘BENAULIM’
IN GOA—A CASE STUDY
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ABSTRACT

‘Benaulim’, a local tall coconut cultivar of Goa is potentially a high
yielder, but the productivity of coconutin Goa, in general, is low, be-
cause of lack of irrigation, non-application of fertilizers and very close
spacing. In a well-managed farmer’s field, the variability in yield of
individual palms was recorded, based on the previous thirteen years’
production performance. The response to fertilizers and beneficial
use of irrigation for increasing yield has been observed, and the economics
of coconut cultivation worked out.

INTRODUCTION

Coconut palm shows wide variability in yield depending upon
its genetic make up, agro-ecological situations under which it is
cultivated, and the management practices adopted. Under improved
management practices, the genetic potential of palms becomes fully
manifest, compared to the palms of the same variety under neglected
conditions.

In Goa, the coconut palms do not receive adequate fertilization,
and hardly 5 per cent of the growers adopt balanced manuring. The
general practice among growets is to apply a limited quantity of
organic manure and common salt every year before the onset of
south-west monsoon. Of late, some farmers are using limited quan-
tity of mixed fertilizets. 1t is found that the continuous cultivation
of coconut for a long period without application of fertilizers and
adopting suitable agronomic practices, has caused the exhaustion
of soil, resulting in low productivity. Adoption of better manage-
ment practices including optimal fettilizer use, timely irrigation
and other cultural practices like weed control, and interculture would

Present address: *Senior Scientist, CPCRI, Kasaragod-670 124.
**Progressive farmer, Vancor Farm, Sanguem, Goa.
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improve nut production. A case-study illustrating the above, is
presented on the performance of the indigenous tall coconut cuylti-
var ‘Benaulim’ of Goa.

MATERIALS AND METHODS

The material of ‘Benaulim’ cultivar was planted in 1951 at
‘Vancor’ farm Sanguem, 25 km from the Goa coast, situated close
to the perennial ‘Kushavati’ river. The soil of the farm is of two
different types, namely, clay-loam in upper plots and sandy-loam
in the lower areas, with a pH of about 5.5. The palmsplanted at a
spacing of 7m X 7m have been receiving uniform cultural and many-
rial practices and were under regular irrigation during December
to May. The irrigation was started from 1971 onwards. Prophy-
lactic measures were taken from time to time to control rhinoceros
beetle, by filling the leaf axils with a mixture of 59 BHC dust and
sand in equal proportions.

RESULTS AND Discussion

Distribution of palms in yield groups

Considerable variation in yield among the palms has been
observed in the plantation. The distribution of palms in ‘Vancor
farm among various yield groups is presented in Table 1.

Table 1. Distribution of palms in different vield groups

Yield group No. of palms Percentage

(nuts/palm/yr)
35- 50 46 8.8
51~ 70 84 16.0
71~ 90 138 263
91-110 98 18.7
111-130 57 11.0
131-150 ' 57 11.0
151-170 29 5.5

>170 14 27

The Table reveals that in this well-managed plantation, the
high and medium yielding groups (51-130 nuts) together constitute
more than two-thirds of the total population.
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Influence of agro-climatic factors on nut yield:

In Goa, the annual rainfall ranges between 3000 to 4000 mm
and the dry period extends to over 4 to 5 months in a year (Table-2).
Both the heavy downpour during the short rainy season (June to
mid-Sept.) and the long dry spell (Nov. to May) might be causing the
fluctuations in nut yield.

Table 2. Rainfall distribution pattern at the farm (Av. of 9 years: 1973-81)

May June July Aug. Sept. Oct. Nov. Total

Rainfall 58 1030 1080 688 292 116 45 3309
(mm)

No. of rainy
days 4 22 30 29 17 9 5 116

Lack of irrigation during the long dry spell from Nov. to May
is a major factor limiting the productivity of coconut palms in Goa.
The varying number of nuts harvested at different periods of the
year are clearly indicative of the seasonal variability due to rainfall
pattern (Table 3).

Table 3. Average No. of nuts harvested at different periods of the year
(mean yield/palm over 5 years)

Harvest I 1 I v A\'% VI- VII Total Mean
group Jan. March Apr.- June Aug- Oct.- Nov.-
