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INTRODUCTION

Coconut palm is one of the most useful plants in 
the world. India is the third largest coconut producing 
oountry. 15 per cent of the area under coaonut and 
20 per cent of the production of coconut in the world is 
contributed by India. But the psrcapita availability of 
coconut in India is low, being 11 nuts per year. Coconut 
development in India has only a history of less than a 
century. The cultivation of coconut is confined only to 
the coastal areas of the country. 65 per cent of the 
total area under coconut in India is oonflnod to the 
State of Kerala which accounts only 1,18 per cent of tha 
total geographical area of India.

Biennial tendency is a common characteristic of 
coconut palm though it is not so high os in other fruit 
craps like apple, mango etc. The extent of bienniallty 
in coconut was reportod by many workers through some nan- 
paramotrlc approaches. It is always hotter to apply somo 
parametric approach to test the significances of biennia- 
lity. a knowledge of the magnitude of bienniality in 
hybrid varlotios of coconut will be helpful to design 
experiments on them using calibration tectaiquos and also 
in analysing sovoral years* yield dava. It is a practice

CHAPTER-1



to analyse even years' data suspecting bienniallty, If 
the magnitude of biennia! tendency is negligible the results 
based on individual years* data seems valid. A comparison 
of the magnitude of biennial tendency established through 
appropriate statistical t03ts will establish the severity 
of this tendency in west coast tall (UCT) as related to 
hybrid varieties of coconut. So the present study is aimed 
at the following objectives.

1. To measure the extent of bienniallty among different 
hybrids and west coast tall.

2. To measure the intensity of crop fluctuations from year 
to year*

3. To test the significance of biennial tendency.

4. To study the Influence of time trend.

5. To test tfco significance Of tine trend.

6. To examine the influence of treatments an biennial 
tendency.
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CHAPTER-XI 
REVIS7 OT LITERATURE

Perennial plants and fruit trees are in general 
far different from other crop3 0 One special problem that 
needs attention in perennial species is that of their 
biennial or alternate fruit bearing tendency* One year 
the tree yields heavily, the next year the yield will be 
less, in a third year it returns to heavy yield and so on. 
According to Pearce (1953) most perennials ore to some 
extent biennial In bearing and growth, Singh (1940) 
observed that trees which have acquired this biennial 
rhythm will carry a heavy crop in ono year, called the 
'on* year and very lew or no crop in the next, called the 
• o f f year. This characteristic of high and lo t yields 
in the *on* and *off' years persist with great regularity. 
Sometimes it may be upset by some major climatic factor 
(Thanpan, P.K., 1932j Anon., 1938).

The biennial tendency is extensively reported to be 
a common feature of fruit tree3 in both tropical and sub­
tropical regions (Singh, 1943).

It was Hoblvn at al. (1936) who first dovised a 
method to measure the biennial fruit bearing tendency In 
orchard crops. They proposed two factors 'B* and 'I' to
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measure the extent of bienniallty end the intensity of 
crop fluctuations from year to year.

Haldane (1953) commented on repeated biennial 
tendency. He felt that it is important to know if this 
is a sharply defined character, how it is inherited and 
whether it can be overcome by the use of fertilizers.

Shrikando (1957) and Pankajakshaa (i960) have 
mentioned about the biennial tendency in coconut,

Singh (1961 a) studied the biennial bearing in 
mango and concluded that biennial habit of mango cannot 
be prevented neither by resorting to manuring, irrigation, 
pruning and control of pest, nor it is affected by vigour 
of varieties or the major climatic factor, rainfall and 
temporatures .

Singh (1951 b) observed that biomial bearing is 
governed by the timely production of now vegetative shoots 
in his studies on mango.

Abeywardena (1962) obaorved that 38.5 per cent 
of the coconut palms have significant biennial bearing 
tendency,

Satyabalan (1963) studied the biennial bear­
ing tendency of coconut through correlation studies and



found that the incidence of bienniallty is high among 
poor yloldors (giving less than 40 nuts per annua) and 
the percentage of such biennial bearers ranged from 73 

to 93. This percentage was observed to bo 1? to 4o among 
high yielders (giving over 80 nuts per tree per annum) 
and 39 to 57 among medium yiolders (giving 40 to 85 nuts 
per tree per annuo)»

Webster (1939) has reported 4D per cent bienniality 
in oil palms, a spede3 closely associated with coconut,

Abeywardena (1̂ 62) modified Roblyn*s method to 
estimate biennial tendency. He thought that the method 
given by Hoblyn (1936) was not adequate for perennial 
crops like coconut, which is highly influenced by weather 
factors. So he modified their method after adjusting for 
the effect of rainfall. He Observed from his study that 
though biennial tearing tendency was a significant feature 
in coconut, the intensity of crop fluctuations was very 
1 <7i and hence of least concern in economic and corux-rcial 
circles.

Coconut is a crop which is highly influenced by 
rainfall, The effect of rainfall on coconut tea teen 
investigated by Aboywardena (1966, 1963 and 1979), The 
crop will increase as the effective rainfall increases 
with ths reservation that as one gees up to higher
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rainfalls, the law of diminishing returns will operate* 
Abeywardena 0968) tiled to forecast coconut yield using 
rainfall data* Crops in a locality can fluctuate with 
a wide range of as much os 40 per cent of the mean yield 
purely as a result of the fluctuations in the incidence 
of rainfall (Abaywardena, 1979)*

Mortfcwood (1957) has established correlation studies 
to estiraato the biennial bearing tendency in cashew. The 
low correlation coefficient between years suggest a tendency 
towards alternate bearing,

Pbarce and Urbane (196?) considered various methods 
for the measurement of Irregular and biennial phenomena 
in apple trees.

Marchatti, S* and Ughlni, V, (1934) used a modi- * 
fied succession test in tho evaluation of the degree of 
varietal susceptibility to alternate beating in apple 
(llalus domestics). They used a mathematical method. It 
Is based ona ) ( 2 technique, using a decrease in yield 
in tho low bearing as against high bearing year arbitra­
rily fixed at 25 per cent as the threshold value in deter- 
ning the expected value. Application of the method to 
93 cultivars of 4 different types showed that it gave 
rapid and clear indication of individual varietal ten­
dencies •



Pal e£ a]., (1984) applied numerous treatments on 
mango to induce regular bearing. Although none of the 
treatments gave marked improvement, ethephon at 200 ppm + 
0.1 per cent urea in one trial or at 400 ppm + 1 per cent 
urea In another trial, applied 5 times crt 30 day (first 
trial) or 15 day Intervals (second trial) gave the best 
results by inducing bearing in the ’off* years.

Das and Sahoo (1981) examined the effect of 
glbberollic acid (QA-) and urea on the ‘off* year shoots 
In Lanrga mango. GA- at 50 ppm * urea at 1 per cent, 
applied to trees In the *on* year stimulated vegetative 
shoot growth, and increased the number of loavos and 
their area. These effects were considered promising for 
inducing fruit development In the following (9off) year,

Saraswathi (1983) ha3 defined orthogonal contrasts 
to teat the significance of biennial tendency and time- 
trend. Based on these contrasts she has derived appro­
priate tests of significance to detect biormiality ard 
time-trend in coconut. Ths study established the fact 
that bienniallty Is a significant feature of coconut 
palsa3. The presence of bienniallty was also tested by a 
nan-parametric approach. This method also revealed the 
effect of bienniallty but over estimated its presence. 
Tor the experimental data she has got 53 per cent of the



UCT palms as significantly biennial in bearing in the 
pro-experimental period, 52,5 per cent in the experimental 
period and 23*2 per cent in the post-experimental period.

The ’I' factor was found to be less than 30 per cent 
for 72 par cent of the palms in the pra-exporitacntal period. 
Both in the experimental and post-exnerinentol periods, 
the *1 * factor percentage has reduced to 20 per cent.
During these periods 72 per cent of tho palms showed cm 
»I» factor less than 20 per cent. This indicated the 
possibility of treatment effects in reducing the biermia- 
lity.

The tests of significance shewed that biennial 
tendency was present during tho pro-experimental and 
experimental periods and was absent during the post- 
experinental period. Biennial tendency was predominant 
at various levels of N and h and at higher levels of P.
At 0.23 kg (per pain per year) level of P presence of 
bienniallty has been established. Application of magne­
sium at 0.5 kg per palm per year was also found to increase 
the biennial tendency.
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CHAKER-III 
MATERIALS AND METHODS

3.1. MATERIALS

The? data utilised far this study wero taken from 
Regional Agricultural Research Station, Piiicode} Regional 
Agricultural Research station, Kumarakom} Coconut Research 
station, Balaraaaparaa and Agricultural Instructional Farm, 
Vollayani in Korala. Individual pain yields of different 
hybrids end Uest Coast Tall varieties of coconut were 
collected. The details about the data used for this study 
are given in the following Tables from 3.1.1 to 3.1.4.

3.2. METHODOLOGY

The biennial or alternate bearing tendency of 
perennials necessitates special considerations in their 
design and analysis. Coconut palm being a perennial 
exhibits biennial tendency, A knowledge of tho magnitude 
of biennial tendency will be of much help in planning 
experiments with than.

Coconut palm which have acquired biennial rhythm 
will produco good yield in one year, called the ’on* year 
and poor yield in the alternate year, called the 'off * 
year. A rough idea of bienniallty can be obtained from a



Table 3.1.1 * Varietal distribution of palms
Regional Agricultural Research Station (RARS), Piiicode

Si.Ho. Vorlety Ho. of palms Period of availability of the data

1. West Coast Tall (V/CT) 169 1969 ** 1984
2. West Coast Tall x Chswgbat Green Dwarf (rfCT at CDG} 83 do.
3* West Coast Tell x Gangs bondaia (UCT x GB) 17 do*
4. Natural Cross Daarf (HCD) 10 do.
3. Andaman Ordinary x Gangs bondaa (AO x GB) 5 do.

6. Laccadive Ordinary x Cengs boadam (ID x GB) 5 do.
7. Laccadive Snail x Gangs bondam (IS x GB) 5 do.
8. Cochin China x Gangs bondam (CC x GB) 5 do.
9. Java x Gangs bondam (Java x GB) 6 do.



Vorlety K3‘ of availability of thedata

Table 3.1.2. Varietal distribution of pales
Regional Agricultural Research Station (RARS), Kunarakoa

1 , West Coast Tall (WCT) 243 1976-1927
2. West Coast Tall x And aeon tearf (T x AD) 7 do.
5. West Coast Tall x Laccadive Dwarf (T x ID) 7 do*

4. 'Jest Coast Tall x Gangabondam (T x G) 7 do.
5. West Coast Tall x Straight Settle me rrt (T s SS) 9 do.



Table 3.1.3. Varietal distribution of palms
Coconut Research station (CRS), Balaramapuram

SI.No. Variety Ho. of palms Period ofavailability of the data

1 . Vest Coast Tall (UCT) 198 1976-1937
2. Vest Coast Tall x Orange Duarf (T x D) 23 do.
3. west Coast Tall x Gangabondam (T at G3) 18 do.
4. 1 est Coast Tall (experimental palms) 109 0O*0

Table 3.1.4. Distribution of palms
Instructional Tara, College of Agriculture, Vollayani.

31.IJo. Variety ITo. of palms Period ofavailaollity of tho data
1 . Komadan 40 1981—1384



group of palms by plotting tho average annual yield per 
pain against the years* If the palm exhibit biennial 
tendency the trend line will shew ’peaks’ and ’troughs• 
in alternate years* This characteristic is also affooted 
by rainfall to a certain extant.

3,2,1. Won-parametric approach

The biennial effect can be examined by a non-para- 
oetric approach. Saraswathi (1983) hoe developed a method 
which requires a minimum of four yoara' yield data. If 
tha yield in the coeond year exceeds tho first year then 
a •+* sign is givon, otherwise a •-* sign. In a four year 
period either a pair of ’♦«•* sign or ' sign indicates 
the biennial habit of that palm, A pair of unlike signs 

or ’«•+’ indicates the absence of bionnlality during 
the period. If tho yield data are available for n years, 
n being even, the magnitude of biennial tendency can be 
measured by a factor tatwn 03 *B’ factor which measures 
the proportion of like signs in consecutive pair3 

(Saraswathi, 1933). With 'an1 years thare will be *n' 
like or unlike signs in n pairs of consecutive years.
The probability of getting 0,1,2, ...... n like signs is
given by the binomial distribution.

Va (*) a nCjjpV1”3’ x o o,1, n
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where p is tho probability of getting x UK© signs in n 
pairs of consecutive years and q «» 1-p. On tho basis of 
an equiprobable hypothesis, the probability of like signs 
in any pair is J if a group of palms are considered.
Hers p b q * J, The significant departure from the equi-

Oprobable hypothesis is tested by applying X - tost of 
significance given by

-̂2IW o (p - P1 )2/ ga » whara 
«}N is the sample size and p => P (X^ s), is the observed 

proportion of palms showing like signa for x and above.

A second factor *1' Is used to measure tho inten­
sity of crop fluctuations from year to year (Saraswathl,
1983). This factor is defined as tho ratio of the diffe­
rence between successive yields to the sum of pair of 
successive yields* The value of *1* ranges from 0 to 1 
(or 0 to 100 per cent). Zero denotes equal crops in succe­
ssive years and one (or 100 per cent) no crop at all in 
•off1 years.

3.2.2, Parametric approach

Tests of significance of biennial tendency are 
derived on tho basis of several orthogonal contrasts 
(Saraswathl, 1983). Those contrasts involved torm3 of



15

biennial effect and tins trend apart from random error 
component. If Y11, Y12, Yi3 and are tbs yields of 
î *5 palm In the first, second, third and fourth yeara 
respectively.

Y11 “ Yi " llA “ ^ * el1

Ŷ 2 * Yj. •» &A + | cT ô 2

Y13 “ Yi * ^ * ei3

Y1 4 oYi * i A * hef * o.14

where Ŷ  is the expected yield of l»th palm, X is the 
time trend effect, / cf / is tbs difference between the 
•on' and 'off* year effect and is a random variable 
which la normally and Independently distributed with 
expeetatia 
defined as

pexpectation aero and variance , The contrasts were

X11
o JL,
° J4

X12
« 1
"/20

X.a .  JL£3 /20

X14 0 JL 
° A

X15
1

° A

(Y11 " Y12 “ Y13 * Yl4̂

( * 3 Y12 - 3 Y13 ♦ Yl4)

< “3 *t1 - Y12 + Yi3 + 3 Yl4)

< ** Y11 *  Y12 *  %  - V

 ̂* Y11 + Y12 - Yi3 * Y14>



The contrasts Xi1 , Xi2 and ara mutually ortho­
gonal. Xi4 and X^ ore not: orthogonal to either Xlg end 
Xi3. The contrast Xi3 lo orthogonal to and X̂ 2 tout 
not orthogonal to end x,^ Substituting tho values

X U

* Yi 2 ,  % ond Yl4

X11 (Gi1  *°12 *°13 + el 4 }

CM a -3-aj20 ( 4 t f  -Ci1  *3 ei2** 3 ei3 *®14>

Xi3
1

“ j20
(10 X + 2 cf ’ 3 e i 1  “ °iz *■ ° i3  + 3

Xi4
1

J4
C 4  A -°i1** ° i2 * °13 *el4 >

Xi3
1

“a ( 2A « zS ~ ®11+ ei2 -®13 + ei4 >

Tho contrast X^ is independent of both time trend and 
biennial effect but subject to random error component.
X±2 is influenced by biennial effect but free from time 
trend} is affected by tine trend but free from biennial 
effect? Xj£ and X^ are influenced by both tioo trend and 
biennial of feet. Biennial effect will be positive or 
negative depending upon the year of storting bolng ‘off* 
or ’on' year.

3,2.2.1. Teat of significance of biennial tendency 
The contrasts Xi1 and X12 arc orfcnogonal*

C( H  sl1)-oanac(l



1 <

1 £ pThe expectation of - ̂ X^c involves biennial effect
and random error component and free from tlne-trend effect. 
To test the significance of biennial tendency, the null 
hypothesis can be stated as,

Hqj cf o 0
and the alternate hypothesis

Hj! 0

The ratio given by
r # xip2/ n1 (n,n) = ^

1̂ x ^ / n

is distributed as the conventional F with = n and ng ■> n 
degrees of freedom, This provides a test of significance 
of biennial effect when tho tima-trend effect is absent,

3,2,2. Test of filmftgtnancQ of tlme-trend effect xn 
presence of biennial offect

The contrast X̂ j is orthogonal to X^ and X̂ 2# 
is affected both by tios-trsnd effect X and biennial 
offect cf , By considering Si1 , X12 and X13 a test ofA 
involving can be derived. The null hypothesis for 
this can be stated as

h0$ A  °  0

and the alternate hypothesis 
H-jS A* 0
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The ratio given by

I xi12^ 2n

Is distributed as F with ttj a n and tig « 2n degress of 
freedom* This provides the test of significance of time- 
trend * \  * in presence of biennial effect ♦ S **

3.2.2.3. Test._of..aisoiasan.Qa_!^^m»tffl^la_tae_Qteenaa

The contrasts X^ and are orthogonal to 
but not orthogonal to x12 and xi3. A test of significonco 
of tlos-trend effect * A * independent of ths bionnial 
effect can be derived by using the contrast Xi4. The null 
hypothesis for this can be stated os

h0: A •> 0 
and tho alternative hypothesis 

Hji Af 0 
The ratio given by

is distributed as conventional r with itj » n and rjg «> n

of biennial tendency

(f X£12) / n



degress of freedom and provides a test of significance of 
tlme-trend independent of the biennial effect,

3«2.2.4, Tost of biennial tendency in presence of tloe-trend

The contrasts X15 is orthogonal to contrasts Xi1 

and X^ and involves both X and cf . A test of biennial 
tendency * * in presence of tine-trend * x * can be
derived by considering the contrasts X ^  X^ and 
The null hypothesis

Hq! cf =» 0
against tiro alternative hypothesis

a,: c/Vo

The ratio r* (n>JJn) a ---------
cs f  xi 42 + i  f  An 2) I  20

follows a F - distribution with an and ng » 2n degrees 
of freedom. This ratio can be used to tost tho signifi­
cance of biennial tendency * £ * in presence of time-trend 
• X •.

The above tests developed by Saraswathl (1933) 
wore utilised to test for the significance of biennial 
tendency and lirao-trond.
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CHAPTER-IV 
RESULTS AND DISCUSSION

Tho magnitudes of biennial tendency and time-trend 
were estimated and tested by the methods described in 
Chapter 111 cod the results are presented in Section 4.1 
to 4.5.

4.1* Yield data from RARS, Piiicode

The data used for tho study refers to 169 palms 
of UCT, 83 palms of UCT x CEG, 5 palms each of AO x GB,
LO x GB, LS x GB and CC x GB, 17 palms of UCT % GB, 10 
palms of NCD and 6 palms of Java x GB. A visual idea of 
the biennial habit af the coconut palm may bo observed 
from an examination of the trends of the annual yields 
over years (vide Pig. 4.1). If tho trond shows an Increase 
and decrease in behaviour alternatively over years then 
this is a clear evidence of bienniallty over time. As 
such biennial tendency exists among these palms, though 
the magnitude of tendency differ among toe various varie­
ties. The fluctuations in yield over years ore also 
subjected to rainfall. Coconut Is a palm which is highly 
influenced by rainfall. Tho annual rainfall (in am) and 
the avorago yield per palm (in nuts) from 1969 to 1934 
are given In Table 4.1.1. The overage yield of UCT palms
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Year

1969
1970
1971
1972
1973
1974
1975
1976
1977
1973
1979
1960
1931
1932
1933
193’-*

Table 4 .1 ,1 . Annual rainfall and average yield per polo during tbs period 1969-1934 

Research Station - Piiicode

Annual Average yield per pain (in cuts)rainfall  ..  - .           ,
(in 0 3 ) UCT UCT X UCT x fKD AO x GB LO x OB IS x GB CC X GB Java XCDG GB GB
2594.8 32 58 64 38 55 93 90 51 28
4065.0 33 60 59 20 71 93 73 56 18
3677.2 36 73 109 66 83 133 117 65 68
3070.3 47 64 85 41 99 152 84 83 44
2893.4 54 62 117 106 105 143 144 79 100
3304.0 36 52 63 44 95 125 70 92 33
4636.4 39 53 109 103 108 127 128 56 96
2920.2 37 43 86 39 110 171 92 106 60
4096.1 51 68 123 154 120 230 144 80 136
4995.4 41 47 112 71 103 151 96 121 73
3838.6 53 67 106 137 108 186 127 69 129
3156.3 32 40 125 63 93 162 74 114 64
3S86.6 42 43 129 153 110 196 151 73 120
3563.9 39 38 81 56 81 90 70 82 41
3535.8 34 32 122 182 93 100 125 90 64
3552.8 20 21 63 37 57 105 30 55 35

£3



during the period 1969 to 1973 shoved on increasing trend 
while alternate peaks and -croughs in yield was observed 
from 1973 to 1981. A steady decrease in yield Jas seen 
froa 1931 onwards. The Increase and decrease in yield 
over altornate years during 1974 lo 1982 was observed 
for WCT x CDG palms and from 1981 onwards & steady decrease 
in yield was seen. The trend in yield of WCT jt GB showed 
alternate peaks and troughs during the period under study 
excopt for 1978 to 1981. Tho yield of NCD palms showed 
alternate bearing tendency throughout the period 1969 to 
198*1* The yield of AO x GB palms showed on increasing 
trend during the period 1969 to 1973 and during 1974 to 
1977. Alternate peaks and troughs were observed during 
1979 to 1984. During 1969 to 1972 and 1974 to 1977 the 
yield of 1/3 x CB variety exhibited an Increasing trend. 
These palms showed alternate increase end decrease in 
yield during 1976 to 1983, The IB x GB and Java x OB 
hybrid palms exhibited peals and troughs in alternate 
years throughout 1969 to 1984* An Increased trend in 
yield of CC x GB palms was seen during 1969 to 1972, and 
1981 wo 1983 and alternate peaks and troughs were seen 
from 1971 to 1982.

The above results do not give a quantitative esti­
mate of biennial tendency. The *B* factor described in 
Chapter III was applied to the data to estimate the
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magnitude of biemiality. Tb© results ore presented in 
Table 4.1.2 to 4.1.6 . Tho "B» fnotor is based on 8 pairs 
of successive signs. The probability distribution function 
Pr (x) => ec„ (£)x ( gives the probability of getting 
0, 1, 2, ...... 6 consecutive like signs in 8 pairs of
consecutivo years. Tim observed proportion of pains show­
ing bienniallty la tested against tho expected proportion 
of palms using x2̂ 03̂  02 significance. Hence based an 
the so proportions one can observe •chat a UCT pain shewing 
a *B* factor equal to or higher than 2/8 is significantly 
biennial in bearing (X2 => 6.14). As such all the 169 
UCT palms exhibited biennial tendency. In the case of 
UCT x CBS, a palm showing a *B* faotor e 3/8 is signi­
ficantly biennial in bearing ( X2 « 9.73). As such 
97.99 per cent of the palas shewed biennial tendency.
94,12 per cent of UCT x GB palms with a3 2  5/a was 
fomd to have significant biennial tendency ( X2 * 9.7). 
Uith the same value for *B* faotor all the MCD palms 
showed biennial tendency (X2 => 5.71). The biennial 
tendency of sotae hybrid varieties of palas arc given in 
Table 4*1.6 ,

.Shrlkande (1958) and Penkaoaltshan (1960) reported 
altornate bearing tendency in most of the coconut pains, 
though their magnitude was noc given.



Table 4.1,2. Biennial Tendency (Factor ’B*)
Variety - UCT Research Stacico -> Pllicode

Factor *B* (Proportion of palms showing blenniality)
Wo. of palos Percentage of palms Cumulativepercentage

0/8 0 0.00 100,00
1/8 0 0.00 100,00
2/8 13 7.69 100.00
3/8 9 5.33 92.31
4/8 25 14.79 85.98
5/8 26 15.38 72.19
6/8 27 15.93 55.01
7/8 38 22.49 40,83
0/8 31 18.34 13.34

Total 169 100.00



Sable 4.1*3. Biennial Tendency (Factor 'B*>

Varioty - UCT jc CDG no search Station • Pillcode

Factor *Bf (Proportion of pains shooing bienniality
No* Of palms Percentage of palms Cuaulativepercentage

0/0 0 0.00 100.00
1/0 0 0,00 100,00
2/8 2 2.41 100.00
3/8 3 3.61 97.50
4/8 5 6.02 03.98
3/8 9 10.84 87.96
6/8 18 21.69 77.12
7/8 26 31.33 55.43
8/8 20 24.10 24.10

Total 03 100,00



Table 4.1.4. Biennial tendency (rector ’B*)
Variety - UCT k GB Research Station - Pillcode

Factor *B* HO. Ofpalms Percentage ofpalms Cumulativepercentage

0/8 0 0.00 100.00

1/8 0 0 .00 100.00

2/8 0 0.00 100.00

3/8 0 0.00 100.00

4/8 1 5 .8 3 100.00

5/8 2 11.76 94.12

6/8 2 11.76 82,36

7/8 5 29.42 70.60
a/8 7 41,1 8 41.18

Total 17 100.00



Table ft»1*5, Biennial tendency (ractor *B')
Variety - MCD Research Station - Piiicode

Factor fB* Ho. OS palas
Percentage of palms Cumulativepercentage

0/8 0 0 100
1/8 0 0 100
2/8 0 0 100
3/a 0 0 100
ft/8 0 0 100
5/8 1 10 100
6/8 0 0 90
7/a 2 20 90
8/8 7 70 70

Total 10 100



Table 4*1.6 . Biennial Tendency (raster *B»)

31.Bo* hybridvariety Samplesiso Ot2 •B1 factor Percentage Of palms showing biennlality
1. AO jj GB 2 4,12 5/8 80.00
2. LO ir GB 5 8*76 5/8 100.00
3. IS x GB 5 4.12 5/8 80,00
4. CC x GB 5 8,76 5/8 100.00
5. Java k GD 6 9,73 5/8 33.33

Abeywardena (1962) reported that 38*5 per cent of 
the palms are significantly biennial in bearing from a 
study on 300 palms maintained under a uniform system of 
management for nineteen years from 1936 to 1934, Saraswathl 
(1933) repeated 41 per cent biermiality in coconut palms 
with a population of 132 ACT palms for a period of twelve 
years*

Intensity of tie dogroe cf crop fluctuations was 
measured by the *1* factor described in Chapter III. The 
results are presented in Tables from 4,1 ,H to 4*1*15'*
The values of I can vary from 0 to 100 per cent* 33*43 
per cent of the UGT palms shewed an intensity of crop 
fluctuation less than 50 per cent of which in 79*29 per cent 
the intensity ranged from 20 to 50 per cent* Bane of the



Table 4.1* 7 , Intensity of crap fluctuations (Factor •!•)

Variety - UCT Research Station - Piiicode

Factor *1’ No. of Percentage! Cumulativepalms of palms percentage

less than 10* 1 0.59 0.59
10 to less than 2Qb 6 3.55 4.14
20 to lass than 30* 48 23.40 32.54
30 to less than 40* 44 26.04 58.58
40 to less than SO* 42 24.85 83.43
50 to leas than 605$ 13 7.69 91.12
60 to less than 70* 10 5.92 97.04
70 to less than 80* 4 2.37 99.41
60 to less than 905 1 0.59 100.00
90 to leas than 100* 0 0.00 100,00

Total 169 100*00
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Tablo 4.1.s . Intensity of crop fluctuations (Factor *X*)
Variety - MCT :: CDG Research Station ~ Piiicode

Tactor *1* No. of pains Percentage of palms Cumulativepercentage

less than 1055 0 0.00 0,00
10 to less than 2055 9 10.84 10.84
20 to leas than 3055 23 33.74 44.58
30 to less than 4035 17 20,48 65.06
40 to less than 50'S 16 19.2B 04.34
50 to less than 6035 5 6.02 90.36
60 to loss than 70"5 2 2.41 92.77
70 to less than 005 4 4,82 S7.39
80 to less than 9055 2 2.41 100.00
90 to less than 10055 0 0.00 100,00

Total 83 100.00



Table 4.1«9i, Intensity of crop fluctuations (ractor •!*)

Variety - '.JCT k GB Research Station * Plllcode

Factor *1* No. of pains Percentage of palms Cumulativepercentage

less than 10̂ 1 5,83 5,83
10 to less than 2055 2 11,70 17.65
20 to less than 3055 5 29*41 47.06
30 to less than 40# 1 5,03 52,94
40 to less than 5055 5 29.41 82.35
50 to loos than SQ5S 1 5.83 C8.23
60 to lass than 70J> 0 0.00 83.23
70 to loss than 005 2 11.70 100.00
80 to loss than 9C5 0 0.00 100.00
90 to less than 10055 0 0,00 100.00

Total 17 100.00



Or-

Table 4»1.lo. intensity of crop fluctuations (ractor ♦!*)
Variety - NCD Research Station - Pilicodo

Tactor *!’ No. of pains Percentage of palas Cumulativepercentage

less than 101 0 0 o
10 to less than 20$ o 0 0
20 to less than 30'S 2 20 20
30 to loss than 406 1 10 30
40 to less than 50$ 2 20 50
30 to less than 60'S 0 0 50
60 to less than 706 2 20 70
70 to lass than 80j3 2 20 90
80 to loss than go6 1 10 100
90 to less than 100$ 0 0 100

Total 10 100
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Table 4.1.11. Intensity of crop fluctuations (Factor •!•) 
Variety - AO k GB Research Station - Filicode

Factor *1* No. of palms Percent age of palms Cumulativepercentage

less than 10# 0 0 0
10 to loss than 20$ 1 20 20
20 to less than 30h 1 20 40
30 to less than 40# 0 0 40
40 no less than 50# 2 40 80
50 to loss than 60# 1 20 100

Greater than 6® 0 0 100

Total 3 100

P



Table 4.1*12. Intensity of crop fluctuations (Faotor* ’I*)

Variety *» I»9 sc GB Research Station - Piiicode

Factor 'I* No* ofpalos Percentage of palas Cumulativepercentage

less than 10$ 0 0 0
10 to less than 20# 1 20 20
20 to less than 305 0 0 20
30 to less them 40# 2 40 60
40 to less than 3® 1 20 SO
SO to less than 60# 0 0 00
60 to less than 70# 1 20 100

Greater than 70# 0 0 100

Total 5 100



Table 4*1.13. Intensity of wop fluctuations (raotop •!•)
Vsrioty - id x GB Research station - Dilicode

Factor *1* Wo* of palms Percentage of pains Cumulativepercentage

loss than 103 1 20 20
10 to loss than 2075 1 20 40
20 to less than 303 1 20 60
30 to less than 403 0 0 60
40 to Zaoa than 503 1 20 80
30 to Isos than 603 0 0 00
60 to Isas than 70S 0 0 80
70 to loss than SOo 1 20 100
80 to less than 90̂ 0 0 100
90 to loss than 1003 0 0 700

Total 5 100
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Table 4.1.14. Intensity of crop fluctuations (factor *1*) 
Variety • CC x GB »teaoarcb Station - Pilieod©

Oactor ’I* No. of palms Percentage of palms Cumulativepercentage

less than 10# 0 0 0
10 to less than 2075 1 20 20
20 to less than 30# 1 20 40
30 to less than 40# 0 0 40
40 to less than 50/5 0 0 40
50 to less than 60# 1 20 60
60 to less than 70# 0 0 60
70 to less than SO# 1 20 SO

80 to less than 90$ 1 20 100
90 to less than 100#4 0 0 100

Total 5 100
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Table 4.1 *15. Intensity of crop fluctuations (Factor* *1*) 
Variety - Java x GB nosearch Station - Plllcode

Factor *1* Ho. of 
palas

Percentage 
of palas

Cumulative
percentage

loss than 10^ 0 0.00 0.00
10 to less than 20?$ 2 33.33 33.33
20 to loss than 3CT-$ 1 16.67 50.00
30 to less than 40"$ 1 16*67 66.67
40 to less than 50P5 0 0.00 66,67
50 to loss than 60/$ 1 16.67 83.34
60 to less than 70S 1 16.67 100.00

Greater than 705$ 0 0.00 100,00

Total 6 100.00



pains showed an intensity greater than 90 per con*, toons 
MCI x CDG 84.34 per cent of pains shewed on ’!• factor 
2os3 than 90 per cent of which 73.5 por cent of the palma 
shooed an intensity in crop fluctuation ranging froo 20 

to 50 per cont. 82.35 per cent of the MCI x QB palms 
gave an *1 • factor less than 50 por cent. But for 64.7 
per cent of those palms* tho crop fluctuations ranged 
from 20 to 50 por cont. Hcriover, only 3.83 por cont of 
these palms gave an ’I* factor within tho range 30 to 40 
por cent* 50 per cent of the MCD palms showed an 1 factor 
less than 50 per cant while for the remaining 50 por cant 
I ranged from 70 to 90 par cent. The I factor was found 
to he between 10 and 30 per cent for 40 por cent of AO x 
GB palms and for 60 per cent of the palms intensity ranged 
from 40 to 60 pier cent. 20 per cent of tho LO x GB palms 
showed an *1* factor ranging froo 10 to 20 per cent while 
60 per cent of the palms were found to tho range 30 to 
50 per cent. For the remaining 20 per cent of these palms 
the 'I' factor was found to He between 60 and 70 per cent. 
The *1' factor was found to bo between 0 to 30 per cent 
for 60 per cent of tho LS x GB palms. Tor 20 per cont 
of these pains toe I factor ranged from 40 to 50 per cent 
and for tho remaining 20 por cent the *1* factor ranged 
from 70 to 80 per cent. The *!• factor was found within 
the range 10 to 30 por cont for 40 por cent of the CC x GB

o o
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palma. *1* rangod from 50 to 60 pap csnt for 20 per cent 
of these palms* For the remaining 40 por cent tha value 
of 'I' was found botwoon 70 and 90 por cent. For 33,33 
per cent of the Java x GB paisas the intensity ranged froa 
1o to 20 per cent, far 33*34 per cont it ranged from 20 
to 40 por cent and for tho remaining 33*34 per cent tha 
rango was 30 to 70 per cent *

Abejwordena (1962) observed an *1* factor ranging 
from 5 to 15 per cent for 85*4 per cant of palms of which 
44*7 per cent was found between 10 and 15 per cent,

Saraswathi (1983) reported that 83*5 per cent of 
the palma showed an *1' factor ranging from 0 te 30 per cent
and for tho remaining 14*3 per cent of palms tho *1* 
factor ranged from 30 to 90 per cent.

When biennial tondency is observed among a largo 
number of palms one can expect 50 per cent of the pains 
in tho ’on1 phase and the remaining 50 por cent in the 
’off’ phase. However this oquiprobability may not be 
observed in each year. One con observe this from Tables
4.1. js to 4,1.24. Of the 169 UCT palms this equiproba- 
bllity was Observed in years 1971, 1976, 1978 and 1982,
This agreement of expectation and observation was tested 
by %2-tost of significance. In 1972, 74, 80 and 84
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Variety - WCT Reoearcn fetation - Pilicodo

Table 4*1.16, No. of palm showing ’on’ and 'off phase
during 1969-1984

Year equalyield •on'phase ’Off*phase y2 Percentage) •on* phase

1969 7 94 63 4,17* 55,62
1970 7 68 94 4.17* 40.2*
1971 7 70 92 2.99 41,42
1972 3 51 115 24.67* 30.18
1979 4 100 65* 7.42* 59,17
1974 2 47 120 31.91* 27.81
1975 2 86 01 0.15 50.89
1976 5 78 86 0.39 46.15
1977 8 109 52 20.18* 64.50
1978 1 74 94 2.38 43.79
1979 5 106 58 14.05* 42.72
1980 3 44 122 36.65* 26.04
1981 2 105 62 11.07* 62,13
1982 7 74 83 1,21 43.79
1933 4 65 100 7.42* 38,46
1984 9 41 119 38.03* 24.26

Total 76 1212 1416 44.82

* Significant at 5 per cent level



Variety - VCT x GDG Research Station - Pilicode

Table 4.1,17. No. of palms stowing 'on1 and 'off’ phase
during 1969-1984

Year equalyield •on'phase •off*phase
2X Percentage ‘on’ phase

1969 2 43 38 0.31 51,81
1970 2 38 43 0,31 45.7a
1971 0 56 27 10*13* 67.47
1972 1 35 47 1.76 42,17
1973 1 33 49 3*12 39.76
1974 0 33 50 3.40 39.76
1975 0 50 33 3,48 60.24
1976 1 31 51 4.88* 37.35
1977 1 54 23 8,24* 65.05
1979 0 25 58 13,12* 30.12
1979 0 60 23 16.49* 72.29
1980 0 22 61 18.33* 26.51
1981 3 38 42 0,20 45.78
1982 3 28 52 7.20* 33,73
1903 0 32 51 4.35* 38.55
1984 3 29 51 6.05* 34.94

fatal 17 607 704 45.71

♦ Significant at 5 por cent level



Variety - v*CT x OB Research station - Pillcode

Table 4.1,IS» No, of pains showing 'on' and 'off phase
during tho period 1969-1904

Year equalyield 'on*phase 'offphase
2X Percentage •on* shaoo

1969 0 9 8 0.06 52.94
1970 0 8 9 0,06 47.06
1971 0 11 6 1,47 64.71
1972 0 6 11 1,47 35.29
1973 0 13 4 4.76* 76.47
1974 1 3 13 6.23* 17.©
1975 0 11 6 1.47 64.71
1976 0 9 12 2.83 23.41
1977 0 14 3 7,12 82.35
1970 0 6 11 1.47 35.29
1979 u 9 3 0,06 52.9/*
1900 o 6 11 1.47 35.29
1981 1 12 4 4.00 70.59
1932 0 3 14 . * 7.12 17.©
19B3 0 11 6 1.47 64.71
1984 0 2 15 9.94* 11.76

Total 2 129 141 47.43

* Significant at 5 par ©ent level



Variety - NCD Research St a cion - Pilicodo

Table 4*1 ,.19. Ho, of pains ehotsing 'on* and ‘off* phase
during tho period 1959-1984

Year equalyield •on*ptaco •off'phase
2X Jtorcentagc 'on* phase

1969 1 6 5 1*0 60
1970 1 3 6 1 .0 30
1971 0 8 2 3.6 30
1972 0 2 8 3.6 20
1973 0 8 2 3.6 30
1974 0 2 8 3.6 20
1975 0 8 2 3.6 80
1976 0 1 9 6.4* 10
1977 0 10 0 lO.O* 100
1978 0- 2 Q 3.6 20
1979 0 a 2 3.6 80
1980 0 2 8 3.6 SO

1981 0 7 3 1,6 70

1982 0 2 8 3.6 so

1933 0 9 1 6,4 90
1984 0 1 9 $6.4 100

Total 2 79 79 49.38

* Significant at 5 per cent level



Variety - AO x GB Research Station - Pilicodo

Table 4.1.20. No, of paloa shewing 'on' and 'off* phase
duping tho period 1969-1984

Year equalyield 'on*phase •off*phase
2X Percentage •on* phase

1969 0 2 3 0.2 40
1970 0 3 2 0.2 60
1971 0 3 2 0.2 60
1572 0 2 3 0.2 40
1973 0 2 3 0.2 40
1974 0 3 2 0.2 60
1973 0 3 2 0,2 60
1976 0 2 3 0.2 40
1977 0 3 2 0,2 60
1978 0 2 3 0.2 40
1979 0 3 2 0.2 60
1930 0 2 3 0.2 40
1981 0 2 3 0.2 40
1982 0 3 2 0.2 60
1933 0 2 3 0.2 40
1984 0 1 4 1*8 20

Total 0 33 42 47.5
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Variety - LG x GB Research Station - Pilicode

Table 4.1.21. to. of palms showing 'on* and ‘off’ phase
during the period 1963-1 °84

Year equalyield •on*phase •off1obase
2Tt Percentage •on1 phase

1969 0 3 2 0.2 60
1970 0 2 3 0.2 40
1971 0 3 2 0,2 60
1972 0 3 2 0.2 60
1975 0 3 2 0.2 60
1974 0 2 3 0.2 40
1975 0 3 2 0.2 60
1976 0 3 2 0,2 60
1977 0 4 1 1.8 80
1978 J> 1 4 1.8 20
1979 0 4 1 1.8 80
1980 0 2 3 0.2 40
1981 0 4 1 1.0 80
1982 0 1 4 1.8 20
1983 1 2 2 0.0 40
1984 0 2 3 0.2 40

Total 1 42 37 52.5



46

Variety - LS x GB Research Station - Pilicode

Table 4.1,22, No. of palms shewing fon* and ‘off* phase
during the period 1959-1934

Year equalyield ’on*phase »off * phase >? Percentage •on' phase

1969 0 2 3 0.2 40
1970 0 3 2 0.2 60
1971 0 5 0 5.0 100
1972 0 1 4 1.0 20
1973 0 ' 4 1 1.3 80
1974 0 0 5 5.0* 0
1975 0 5 0 5.0* 100
1976 0 1 4 1.8 20
1977 0 4 1 1.8 80
1978 0 2 3 0.2 40
1979 1 3 1 1.0 60
1980 0 3 2 0.2 60
1981 0 5 0 5.0* 100
1982 0 0 5 5.0* 0
1983 0 3 2 0.2 60
1984 1 0 4 3.2 0

Total 2 41 37 51.25

• Significant at 5 per cent level
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Variety - CC x GB nesoarch Station - Pilicode

Table 4*1,23, No, of pains showing *on* and *off* phaso
during the period 1969-1984

Year equalyield •on'phase •off*phase x2 Percentage ♦on’ phase

1969 0 3 2 0*2 60
1970 0 2 3 0,2 40
1971 0 3 2 0.2 60
1972 0 2 3 0.2 40
1973 0 3 2 0.2 60
1974 0 2 3 0.2 40
1975 0 2 3 0.2 40
1976 0 3 2 0.2 60
1977 0 1 4 1,8 20
1978 0 3 2 0.2 60
1979 0 2 3 0.2 40
1980 0 2 3 0.2 40
1981 0 2 3 0,2 40
1982 0 2 3 0.2 40
1983 0 3 2 0.2 60
1984 0 2 3 0.2 40

Total 0 37 43 46.25



Table 4,1,24-. No. of palms shewing ‘on* and ‘off* phaso 
during -cho period 1969-1904

Variety - Java x GB Research Station - Pilicode

Year equalyield *on*phase ‘off*phase x2 Percentage ’em* phase

1969 1 2 3 0.20 33.53
1970 1 3 2 0.20 50.00
1971 0 6 0

, * 
6.00 100.00

1972 0 2 4 0.67 33.33
1973 0 5 1 2.67 03.33
1974 0 0 6 6.00* 0.00

1975 0 5 1 2.67 03.33
1976 0 1 5 2.67 16.67
1977 0 6 0

_ * 
6.00 100.00

1973 0 2 4 0.67 33.33
1979 0 4 4 0.67 66.67
1980 1 0 5 5.00* 0.00
1931 0 4 2 0.67 66.67
1982 0 0 6

„ * 6.00 0.00
1983 1 4 1 1.80 66,67
1984 1 1 4 1.80 16.67

Total 5 45 46 46.03

* Significant at 5 por cent level



percentage of palms In the 'on' phase was significantly 
low, In the remaining periods the percentage of palms in 
tho ‘On* phase was significantly high. Tor the UCT x COT 
palms, the equiprobablll'cy of ’on* and ’off' phase was 
observed in 1969, 1970, 1972, 1973, 1974 and 1973. The 
percent ago of palas in the ‘on' phase wag found to be 
significantly high in 1971, 1977 and 1979 and in the 
remaining years* it was found to be significantly low.
For tho UCT x GB variety except for 1973, 1974, 1977,
1981, 1982 and 1984, the cquiprafoabllity of *on* and 'off* 
phase was observed in all othor years. In 1973, 1977 
and 1981 the number of palms in tho 'on* phase was found 
to be significantly high and in 1974, 1982 and 1964 it 
was found to bs significantly low. Tor tho NCD palms 
the equiprobability of ’em* and ‘off* phase was not observed 
in 1976, 1977, 1983 and 1984, In 1977 and 1933* to per­
centage of palms in tho ‘on* phase wag found to bo signi­
ficantly high. Tor the Java x GB variety the cquiproba- 
bility of 'on' and ’off’ phase wan observed in 1969, 1970, 
1972, 1973, 1975, 1976, 1978, 1979, 1931, 1933 and 1934. 
IXiring 1971 and 1977 tho proportion of palas in the 'on* 
phase was fomd to be significantly high and in the remain­
ing years it wo3 found to bo significantly low, Tie CC x 
GB palma, LO x GB palms and AO x GB pains showed the 
oquiprobability of *on* and ‘off phase throughout the
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period 1969 to 192A-. Tho equiprobability of *on* and 
•off* phase for the LS x GB palms was observed in 1959, 
1970, 1972, 1973, 1976, 1977, 1978, 1979, 1980# 1983 and 
1934, During 1971, 1975 and 1981 tho proportion of palms 
in tho ‘on’ phase was significantly high and in the remain­
ing years it was significantly la?. The variations in the 
number of palms in the ’on’ end ’off* phase are attributed 
to climatic factors especially rainfall. A coocnut palm 
requires an even distribution of rainfall throughout the 
year than the total amount of rainfall received by the 
palm.

Significance of biennial tendency and tlrao-trend 
were tested using the criterion given in Chapter III and 
the reoults aro presented in Table 4,1,25, The biennial 
tendency of the pals© was first tested by criterion 
on the hypothesis of tho absence of tirae-trend« As such 
UCT palms and the hybrid varieties exhibited biennial 
tendency. Than the effect of tioe-trond was tested by 
using Fg criterion. WCT palms were found to be not 
influenced by time-trend during the study period. So the 
Vn ratio itself gives on evidence of biennial tendency.
In the case of UCT k CDG r2 was significant indicating 
tho presence of timo-trond • So the proper teat criterion 
for testing tho significance of biennial tendency is r̂ »



table 4.1 .2$. Biennial tendency and time-trend (test of significance) 
Research Station - Pill code

Variety Ho. of ri.S. due to contrasts F ratio
palms

X1 *2 *3 *4 X5 r 1 r 2 F5 f4
VJCT 169 3435.12 88892.16 30090.83 2640.63 23016.76 25.88* 1 .2 1 *8.38uCT x CDS S3 2734.16 77486.95 29505.73 2336.34 22034.53 28,34* 1.38*
yet x GB 17 7699.85 437524.51 106626.36 6200.63 119337.10 63.32* 0.84
BCD 10 2584,99 440475.21 83279*21 4880.28 102881.61 170.40* 0.76
AO x GB 5 1028.20 454916.00 89692.20 1985.20 139927.00 442.44* 0.78
10 X  GB 5 23958.00 1441705.70 176117.30 7716.70 301001.70 68.79* 0.47
LS X  GB 5 4268.70 930459.70 266188.50 3066.30 254865.70 217.97* 1.13
CC X GB 5 1143.30 569713.70 106150.50 587.30 148553.70 493.31* 0.74
Java x GB 6 13135.77 606868.30 184422.70 3891.50 226126.97 46.20* 1.14

* Significant at 5 per cent level



A significant value revealed the existence of biennial 
tendency in dCT x CDG in the presence of tise-trend. In 
the case of other hyorid varieties from Pilioodo, tho 
absence of time-trend was established by 'ohe Fg ratio.

4.2. Yield data from RAns, Huoarakom

The data used for too g-cudy refers to 243 pains 
of MCSf 9 palms of T x ss and 7 palms each of T x G,
T s AD and T x ID. A reugb idea of biennial tendency 
can be observed from Pig. 4.2. Tho figure consists of 
the trends of annual yields over years# Tho annual rain­
fall (in mm) and tho average yield por palm (in nuts) 
from 1976 to 1937 are given in Table 4,2,1. Proa tho 
figure one can see that biennial tendency exists among 
those pains# During the period 1976 to 1936 the trend 
lino for the UCT palms exhibited alternate increase and 
decrease in yield. However this was not observed in the 
period 1935 to 1937. The T s AD palms exhibited alter­
nate peaks and troughs throughout the period 1976 to 1937. 
Tho trend of the T x G palms exhibited marked peaks and 
troughs during tho period 1977 to 1931 and 1933 to 1935.
But this was not observed during 1976 to 1977# 1981 to 
1983 and 1985 to 1937. The average yields wore found to bo 
equal in 1976 and 1977. During 1976 to 1978 and 1932 to 
1983 the trend of tho T s ID polo© exhibited alternate



T=-1 (3 4 e T'R.S.HEiS in AvERA<5E V/'Ei.D - TiBSfiARCH STATION . KOMARAKoM

_V&. A,"F3.



Research Station - Kumarakom

Table 4.2,1 . Annual rainfall and average yield per palm
during the period 1976-1987

Year AnnualmV* rtfc 1 1 —
Average yield per palm (in nufcs)r<ia.n£cti..w *(in am) \JCT I x B ? X S3 i s m T x AD

1976 NA 27 17 12 47 20
1977 NA 45 17 4 9 21
1978 2206,5 23 14 16 25 14
1979 1580,6 30 19 42 33 25
1909 1936,1 21 8 21 23 13
1931 2001.1 25 24 38 25 29
1932 2037.1 22 26 31 27 25
1933 2305.1 39 45 58 58 54
1934 2317.9 28 41 48 33 28
1985 2997.2 31 44 44 46 40
1936 2238.8 24 63 49 49 32
1987 2114.8 17 44 68 47 35

HA - Not available



Increase and decrease in yield while this characteristic 
was not observed during the periods 1970 to 1932 end 1983 
to 1987* During 1976 to 1937 the trend of the T x SS palms 
showed marked peaks and troughs in yield except during 
1978 to 1983*

The Tables 4*2*2 to 4*2*6 gives the results of the 
Quantitative estimate of biennial tendency* The data 
covered a period of twelve years from 1976 to 1987* A test 
of significance of biermlality can be obtained by calcu­
lating the probabilities.

Pr (x) » 6 Cs d )x (i)6"**  ...... 6.
Based on the observed and expected probabilities one can 
observe teat a < CT palm shewing a *8* factor equal to or 
higher than 4/6 is significantly biennial in bearing 
(X s & 34*48). Thus 52.26 per cent of the UCf palms are 
significantly biennial in bearing. The *B' factor > 4/6 
was found to be significantly biennial in bearing for both 
the T x G ( oc2 a 4.26) and T x S3 ( x S =» 4.16) palas. Thus 
71.42 per cent of the T s G  and 66,67 per cent of the 
T x SS palms are significantly biennial in bearing* For 
the T x LD and T x AD hybrids palas a ‘B* factor s 6/6 
was found to show significant bienniality (y ? a 7*39) *
As such 14*29 per cent each of the T x 12 and T x ad palms 
are significantly biennial in bearing*
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Table 4.2.2. Biennial Tendency (Factor fB*)
Variety - UCT <, Research station - Kuaarakom

Factor *B* (Proportion of painc showing blennlallty)

Mo. of
pains

Percentage of pains Cumulativepercentage

0/6 0 0*00 100.00
1/6 26 10.70 100.00
2/6 65 26.75 89.30
3/6 25 10.29 62.55
4/6 38 23.87 52.26
5/6 42 17.28 28,39
6/6 27 11.11 11.11

Total 243 100.00
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Table 4*2*3« Biennial Tendency (factor 'B')
Variety - T x G Research Station - Kumarakom

Tactop *B' (Proportion of paisas shewing blenniality)
No, of pales Percentage of palms Cumulativepercentage

0/6 0 0.00 100,00
1/6 0 0,00 100.00
2/6 1 14.29 100,00
3/6 1 14,29 85.71
4/6 2 28.57 71.42
5/6 3 42*85 42.85
6/6 0 0,00 0,00

Total 7 100.00



57

Table 4.2.4. Biennial Tendency (ractor *B»)
Variety - T k SS Research Station - Kumarakom

Factor *B* (Proportion of palms showing blenniallty)
Ho. of palms Percentage of palms Cumulativepercontsgo

0/6 0 0.00 100.00
1/6 0 0.00 100,00
2/6 1 11.11 100.00
3/6 2 22.22 88.89
4/6 2 22.22 66.67
5/6 3 33.33 44.45
6/6 1 11.11 11.11

Total 9 100.00



Table 4,2.5? Biennial Tendency (factor ‘B’)

Variety - T x I*D Research Station - Kumarakotu

Factor *3* (Pronorfcion of paisas showing blenniality)
Ro« of pains Percentage of palms Cumulativepercentage

0/6 0 0.00 100,00
1/6 0 0.00 100.00

2/6 1 14.29 100,00
3/6 3 42.86 85.71
4/6 1 14,23 42,05
5/6 1 14.29 28.56
6/6 1 14.29 14,29

Total 7 100.00



Table 4.2.6. Biennial Tendency (Factor *B*)

Variety - T x AD Researoh Station - Kumarakots

Factor *B* (Proportion of palms showing bionniaUty)
Wo. of palms Percentage of palms Cumulativepercentage

0/6 0 0.00 100.00
1/6 0 0.00 100.00
2/6 0 0.00 100.00
3/6 3 42.86 100.00
4/6 2 28.57 57.14
5/6 1 14,29 28.57
6/6 1 14.29 14.29

Total 7 109.00



The •!* factor which measures the intensity of the 
degree of crop fluctuations are presented in Tables from 
4,2.7 to 4.2,11* The *1* factor was found to be less than 
50 per cant for 82,3 per cent of the WCT palms of which 
for 73.25 por cant of the palas the intensity ranged from 
20 to 50 per cent. For the remaining J7.7 par cent of 
pains the degree of crop fluctuations ranged from 50 to 
00 per cant. The *1* factor ranged from 30 to Go per cent 
for all the T x a palas of which for the 05.72 por cent 
of palro3 the 'I* factor ranged from 30 to 50 per cant.
For 88,88 por cent of the T x SS palas the magnitude of 
crop fluctuations was 10 to 50 per cent of which in 66.66 
per cent the 'I* factor ranged from 30 to 50 por cent.
For toe remaining 11.11 por cent of the pales the *11 was 
between 60 and 70 per cent. The intensity ranged from 10 
to 60 per cent for all the T x LD palms of which for 57.14 
per cent of palms, lu ranged from 20 to 40 per cant. For 
all the T x AD palms, the intensity was found to ba between 
20 and 60 por cent of which for 57»1 por cent of palms, 
the magnitude of 'I* was 30 to 40 per cent.

Tha cquiprobabillty of ’on’ and ‘off’ phase can be 
observed from Tables 4.2,12 to 4.2.16, For the 243 UCT 
palms, tha equiprsbabillty of 'on* and ’off* phase can bo 
observed in 1981, 1982 and 1935. The number of pates in
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Table 4,2*7. Intensity of crop fluctuations (Factor *1’)
Variety * WCT Research Station - Kumarakom

Factor 'I' No. of palms Percentage of palms Cumulative percentago

leas than 104 0 0,00 0,00
10 to less than 20‘s 22 9.05 9.05
20 to less than 30$ 54 22*22 31.27
30 to less than 40$ 69 28.40 59.67
40 to loss than 505 55 22,63 82.30
50 to less than ©0$ 20 8,23 90.53
60 to less than 70$ 18 7.41 97.94
70 to less than SOS 5 2,06 100.00
80 to loss than 90"i> 0 0.00 100.00
90 to loss than 100$ 0 0.00 100.00

Total 243 100.00
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Table 402.8. Intensity of crop fluctuations (Factor 'I’)
Variety - ? x o ^search Station - 'Suraraliom

Factor *1* Ho. of palms Percentage o** pains Cumulativepercentage

leso than 1054 0 0.00 0,00
10 to less than 20J5 0 0,00 0.00
20 to less than 3Cf5 0 0.00 0.00
30 to loss than 40 o 3 42.06 42.86
40 to l̂ ss than 50% 3 42.36 85.72
50 to less than 60A 1 14.28 100.00

Greater tnan 605 0 0.00 100.00

Total 7 100.00

5
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Table 4,2.9* Intensity of crop fluctuations (factor *!•)
Variety - T x SS Researoh Station «• Kutaarakom

factor *1* No. of palms Sercentage of palms Cumulativepercentage

less than 10>5 0 0.00 0,00
10 to less than 20’i 1 11.11 11,11
20 to less than 30% 1 11.11 22.2?
30 to less than 40/i 3 33.33 55.55
40 to less than 50°5 3 33.33 38.83
50 to less than 60% 0 0.00 83.S3
60 to less than 70% 1 11.11 100.00

Greater than 70’S 0 0.00 100.00

Total *5 100.00



Table 4.2.10. Intensity of crop fluctuations (Factor 'I*)

Variety - T x LD Ho search station - Kumaralioo

Factor »I* No. of palaa Percentage of palms Cumulativeoorcenfcage

less than 10 j 0 0.00 0.00
10 to less than 20% 1 14.29 14.29
20 to less than 30% 2 28.57 42.86
30 to less than 405 2 28,57 71,43
40 to loss then 50i 1 14.29 83.72
50 to less them 603» 1 14.29 100.00

Greater than 6035 0 0,00 100.00

Total 7 100.00
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Table 6.2.11. Intensity of crop fluctuations (factor •!*)
Variety - T x ©  Research Station - Kumarakcra

Factor *1* No. of palas Percentage of pales CurTulatlvepercentage

less than 10% 0 0,0 0*0
10 to less than 20"$ 0 0,0 0.0
20 to 2x538 than 30% 1 16.3 16.3
30 to less than 60$ 6 57,1 71,6
60 to less than 50$ 1 16.3 85.7
30 to less than 60h 1 16,3 100,00

Creator chan 59"$ 0 0,00 100.00

Total 7 100.00
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Table 4*2,12. He. of pals3 shewing 'on’ and 'off phase 
during 1976-1907

Variety - V!C7 Research Station — Rumarakoa

Year equalyield •on'phase ’offphase x2 Percentage 'on* phase

1976 2 65 176 51.12* 26.75
1977 2 176 65 51.12* 72.43
1978 6 20 217 163,75* 8.23
1979 16 146 81 18.61* 60.08
1980 7 65 171 47.61* 26,75
1981 16 117 110 0.22 48.15
1932 15 115 113 0,02 47.33
1983 a 207 28 136.34* 85.19
1984 8 48 187 82,22* 19.75
1935 12 120 111 0.35 49.38
1936 12 76 153 27.02* 31,28
1987 25 66 134 35.20* 27.16

Total 127 1221 1568 41.87

* Significant at 5 por cent level
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during 1976-1937iff
Variety « ? x  G Research Station - Kumarakom

Table 4*2.13. Bo. of palms shewing 'on* and ‘off* phase

Voar equalyield •on*phase •offphase y2 Percentage •on’ phase

1976 0 4 3 0.14 57.14
1977 0 3 4 0.14 42,86
1978 3 1 3 1.00 14.29
1979 1 5 1 2.67 71.43
1980 1 1 5 2.67 14.29
1981 0 7 0 *■7,00 100,00
1982 0 3 4 0.14 42.86
1983 0 5 2 1.29 71.43
1984 0 4 3 0.14 57.14
19B5 0 4 3 0.14 57.14
1986 1 5 1 2.67 71.43
1987 0 3 4 0,14 42.85

Total 6 45 33 53.57

• Significant at 5 per cant level



Table 4,2.14, Ho* of pains showing ‘on* ana ‘off* phase 
during 1976-1907

Variety -tsSS Research station - Kumarakom

Year equalyield •on*phase ♦off*phase
2
X Percentage ‘on‘ phase

1976 3 3 3 0,00 33.33
1977 3 3 3 0,00 33.33
1978 1 8 0 *8,00 89*99
1979 0 8 1 5,44* 83.89
1930 0 1 8 5.44* 11.11
1981 0 6 3 1.00 66.67
1932 0 3 6 1.00 33.33
1983 0 9 0 *9.00 100.00
1984 0 4 5 0.11 44.44
1985 0 7 2 2.78 77.78
1986 0 3 6 1.00 33.33
1987 1 6 2 2,00 66.67

Total 5 61 39 58.10

* Significant at 5 per cent level
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Table 4,2*13. Ho, of palms showing ’on* and 'off* phase 
during 1976-1987

Variety - T x LD Research Station - Kumarahom

Year oqualyield ’on1phase ♦offphase
2

X Percentage 'on* phase

1976 1 5 1 2.67 71.43
1977 1 1 5 2.67 14.29
1978 0 7 0 7.00 100.00
1979 0 4 3 0.14 57.14
1980 0 3 4 0.14 42.86
1981 1 4 2 0.67 57.14
1982 0 3 4 0.14 42.86
1933 0 7 0 7.00* 100.00
1984 0 0 7 *7.00 0,00
1985 0 5 2 1.29 71.*3
1986 1 4 2 0.67 57.14
1987 0 3 4 0.14 42.86

Total 4 46 34 54.76

Significant at 5 per cent level
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Table 4.2.16. Ho. of palioa showing »on* and ‘off* phase 
during 1976-1987

Variety - T x AD Research Station - Kumarakoa

Year oqualyield •on'phase •off’phase x2 Percentage •on* phase

1975 2 3 2 0.20 42.86
1977 2 2 3 0.20 28.57
1978 0 4 3 0.14 57.14
1979 0 5 1 3.57 85.71
1983 1 1 5 2.67* 14.29
1931 0 7 0 7.00 100.00
1932 0 2 5 1.29 20.57
1983 0 6 1 3.57 85.71
1994 0 0 7 7.00* 0.00
1983 0 5 2 1.29 71.43
1985 0 3 4 0.14 42.86
1987 0 3 4 0.14 42.86

Total 5 42 37 50.00

* Significant at 5 per cent level



the 'on* phase (luring 1977, 1979 and 1933 was found to be 
significantly high and during 1976, 1973, 1933, 1SG4, 1936 
and 1937 It was found to be significantly low. For the 
T x G pains the equiprobabllity of ‘an1 and 'off phase 
was observed throughout the period from 1976 to 1937 except 
In the year 1931. 100 per cent of these was observed In 
the 'on* phase in 1931. The T x 83 palms showed the 
equiprobabili-ey of 'on' and ‘off1 pnase in 1976* 1977, 
1931, 1932, 1984, 1985, 1956 and 1987. The percentage of 
pains in the ‘on* phase was significantly high during 
1970, 1979 and 1983 and in the remaining periods it was 
significantly low. Fo” the T x ID palms the oquioroba- 
bility of ‘on* and ‘off* phase was not observed oaring 
1978, 1983 end 1984. During 1978 end 1983 the proportion 
of palms in the ‘on* phase was 100 per cent. For the 
T x AD palms the equiprobability of ’on‘ and ‘off* phase 
was not observed during 1931 and 1934; 100 per cent of 
palms was observed in the 'on* phase during 1931.

The results on the significance of biennial ten­
dency and time-trend are presented in Table <*.2.17 . The 
WCT, T x G and IxSS palms showed significant biennial 
tendency* In the case of 2 s M  and T jz AD palms the 
ratio revealed vho absence of biennial tendency. In order 
to tost the significance of time-trend, toe r2 criterion



Table 4.2,17. Biennial tendency and nine-trend (Tests of significance)
Research Station - Kumarakom

Variety No. of H.S. du!3 to contrasts F - ratio

X1 X2 *3 X4 X5 rl r2 r3 r4

UCT 243 1370.06 9770.54 11675.19 2137.84 2219.33 »5.22 3.04* 1.52*
T X G 7 1610.33 6868,24 5234.31 5234.81 1570.33 4.24* 1.79
T x SS 9 3003.94 11842,28 6592.94 2114*50 2953.73 3.94* 1.26
T X ID 7 1045.24 2457.62 22385.31 2765.62 1621.14 2.35 2.65
T x AD 7 516.57 1044.29 12455.62 1445.62 1359.81 2.02 2.80

* Significant at 5 per cent level

-jro



wan considered. The significance of Fg ratio revealed 
the existence of tirae-trend in the case of WCT palas.
Then r4 criterion was used to test the significance of 
biennial tendency in the presence of time-trend, Signi­
ficant biennial tendency was observed in presence of time- 
trend for UCT palms* Timo-trend did not influence the 
T x 0 and T x 33 paltas during the study period* Since 
biennial tendency was found to be absent in the case of 
1 x LD and T x AD pains, the Fj criterion wo3 used to 
test the significance of tice-trend in the absence of 
biennial tendency* These tests revealed the absence of 
tioo-trend in the absence of biennial tendency*

4*3* Yield data froo CR3, Balaramapuroo

The data consists of 193 WCT palas, 23 T x D palms 
and 10 T x GD palas. A rough idea of the biennial ten­
dency can be observed from rig* 4,3* The annual rainfall 
(in am) and average yield per palm (in nuts) froa 1976 to 
1987 are given in Table 4.3*1* The trend of OCT palma 
exhibited oltomate increaso and decrease in yield during 
the periods 1976 to 1900 and 1933 to 1987. Proa 1980 to 
1903 marked peaks and troughs in yield were not observed. 
The trend in yield of T x D palms showed alternate peaks 
and troughs during 1976 to 1980, 1930 to 1933 and 1933 to 
1937* But a single trend was not obsexved. The continuity





Research Station - Balaramapuram

Table 4.3,1, Annual rainfall and average yield per palm
during the period 1976-1937

Year AnnualMm A 1 D M Average yield par palm (in nuts)
POXiUoX*(in mm} i/CT T s D T x G VCT(Exp .palms)

1976 HA 53 16 3 20
1977 2389.1 56 46 27 31
1976 1872.5 49 39 43 51
1979 1589.8 83 101 82 39
1930 1351.6 71 85 78 40
1931 2057.6 71 79 63 43
1932 1296.3 75 91 107 57
1933 1142.4 75 88 76 44
1984 1499.5 51 53 49 33
1935 1466.3 81 132 122 78
1986 1181.6 66 44 45 38
1907 410.2* 80 102 125 68

HA - Hot available
+ - The rainfall is recorded upto 15/6/1987



was lost In 1931 and 1984. The TssOB palms exhibited 
on increasing trend during 1976 to 1979 and a decreasing 
trend during 1979 to 1981* During 1901 to 1937 alternate 
peaks end troughs in yield were observed except for the 
year 1934,

The proportion of palms shewing varying degrees 
of bionniality os per tho *B» factor is presented in Tables 
from 4.3.2 to 4.3.4* This set of data severed a period 
of twelve years from 1976 to 1937 and os such the *B* 
factor is based on 6 pairs of successive signs. On the 
basis of the hypothesis that tho probability of like signs 
in successive pairs ia J, a test of significance of bie- 
nniallty can bo obtained by calculating the probabilities 
given by
Pr (x) a 6CX ( . i f  (i)6"x* x - 0,  .....6
where x is the number of like Signs in 6 pairs of conse­
cutive years. Based on tho probabilities cne con observo 
that a WCT palm showing a *B* factor 2.2/6 ia significantly 
biennial in bearing ( a 20.04). Thus 93.99 por cent 
of WCT palms shewed significantly blenniality. A pain 
showing a *B* factor 2 3/6 was fotnd to be having signi­
ficant blenniality in the case of T x D ( X2 a 9.19) and 
T x GB ( X2 a 4.32) palms. As such 95.65 per cent of the 
T x D palms and 83.89 per cent of the T x GB palms ore



Varioty - WCT Research Station - Balararaapuram
Table 4*3*2* Biennial Tendency (rector *B»)

Factor *B* 
(Proportion of pains shewing blenniality)

No. of p3lns Percentage of pains Cumulativepercentage

0/6 0 0.00 100.00
1/6 2 1.01 100.00
2/6 29 14.65 98*99
3/6 24 12.12 84.54
4/6 59 29.80 72.22
5/6 56 28.28 42.42
6/6 23 14.14 14.14

Total 193 100.00
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Table 4.3,3. Biennial Pendency (factor »B*>
Variety - T x D Research Station ~ Balaraoaptiraa

factor 'B*(Proportion of Mo, of Percentage Cusaalatlvopalms showing palas of palms percentageblenniality)

0/6 0 0,00 100,00
1/6 0 0.00 100,00
2/6 1 4.35 100.00
3/6 0 0,00 95,65
4/6 3 13,04 95,65
5/6 11 47.83 82.61
6/6 3 34,78 34.78

Total 23 100.00
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Table 4.3.4, Biennial Tendency (factor *B')
Variety — T x GB Research Station » Balaranapuran

factor *B* (Proportion of palms showing blenniality)
No. of palms Percentage of palmsg Cumulativepercentage

0/6 0 0.00 100.00
1/6 0 0.00 100.00
2/6 2 11,11 100.0Q
3/6 0 0.00 83.89
4/6 5 27,78 80,89
5/6 5 16,67 61.11
6/6 8 44,44 44.44

Total 18 100,00
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The intensity of crop fluctuations are presented 
in Tables from 4.3.5 to 4,3,7. For all the UCT pains 
the *1* factor was found to bo less than 60 per cent.
In that for 84,85 par cent of pains the *1* factor ranged 
from 10 to 40 per cent. The *1 • factor ranged froa 10 to 
50 per cent for 69.57 par cent: of the T x D palms. For 
the remaining 30.43 per cent of palms the ’11 factor ranged 
from 50 to 70 per cent. Tor all the eighteen T x GB pains 
the •!' factor ranged from 20 to 60 per cent of which for 
tho 50 por cent the ’I* factor was between 30 and 4o per cent.

The equiprobability of 'on* and ’off phase can be 
examined froa Tables 4.3.8 to 4.3.10, Tor the 199 OCT 
palms, the oqulprobability of ’on* and ♦off' phase was 
observed in 1981, 1932 and 1933. One can observe that in 
1976, 1978, 1980 and 1984 the percentage of palms in the 
•on* phaoo was significantly low while in the remaining 
periods the percentage of palms in the ’on* phase was 
significantly high. The equiprobabllity of 'on' and 'off' 
phase for the T s D palms was found in 1978, 1980, 1981 
and 1983. The number of palms in the ’on* phase was 
found to bo significantly high in 1977, 1979, 1982, 1983 
and 198? and significantly lou in 1976, 1984 and 1985,
For tho T x GB palms tho equiprobability of *on' and 'off*

significantly biennial in bearing.
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Tahlo 4,3.5* Intensity of crop fluctuations (ractor *1')
Variety - WCT Research Station - Balaramapuran

Factor »!• No, of palms Percentage of palms Cusulativepercentage

less than tQ$ 21 10.00 10.60
10 to less than 20$ 91 45.96 56.56
20 to less than 30$ 57 28.79 85.35
30 to less than 40$ 20 10*10 93,45
40 to less than 50$ 6 3.03 93.43
30 to less than 60,-j 3 1.52 100.00

Greater than 60$ 0 0.00 100.00

Total 198 100.00
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Table 4,3.6, Intensity of crop fluctuations (Factor ‘I1) 
Variety - T x D Research Station - Balaramapursm

Factor ♦1 • No, of palas
Percentage of palms Cumulativepercentage

less than 10$ 0 0,00 0,00
10 to less than 20$ 2 8.70 8.70
20 to less than 30$ 2 8.70 17.40
30 to less than 40$ 6 34.78 52*10
40 to less than 50$ 4 17.39 69.57
30 to less than 60$ 3 21.73 91.31
60 to less than 70$ 2 8.70 100.00

Greater than 70x> 0 0,00 100.00

Total 23 100.00
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Table 4.3,7# Intensity of crop fluctuations (Factor 'I') 
Variety «T x OB Research Station - Balaramapuraa

Factor *1* Ho. Of palms Percentage of palms Cumulativepercentage

less than 10# 0 o .o o 0,00
10 to less than 20# 0 0 .0 0 0.00
20 to less than 30 5 3 16.67 16.67
30 to less than 40/> 9 50,00 66.67
40 to less than 50# 5 27.78 94.45

50 to less than 60# 1 5.55 100.00
Greater than 60# 0 0.00 100.00

Total 18 100.00



Table 4.3,8. Wo, of palms showing ’on’ and ’off1 pbaso 
during 1976-19S7

Variety « Y7CT Research station « Balaramapuram

Year oqualyield ’on*phase ’off’nhase
2
% Percentage •on* phase

1976 19 70 109 0,50 33.33
1977 19 109 70 *8,50 55.05
1978 11 65 122 17.37* 32.03
1979 4 181 13 f145.48* 91.41
1Q80 7 45 146 53.41* 22.73
1931 4 96 93 0.02 40,48
1932 1 110 87 2,69 55.56
1983 2 97 99 0.02 48.99
1984 2 25 171 100.76* 12.63
1905 2 178 18 130*61* 89.90
1986 4 •1 CD 56 34.66* 69.70
1987 7 129 62 23.50* 65.15

Total 82 1243 1051 52.31

* Significant at 5 per cent level



Table 4.3*9* Mo. of pains stowing ‘on* and 'off* phase 
during 1976-1937

Variety * l * D  Research Station - Balaraaanuran

Year equalyield 'on*phase •off*phase
2X Percentage •on* phase

1976 2 1 20 17*19* 4.35
1977 2 20 1 17.19* 86.96
1978 0 11 12 0.04 47.83
1979 0 23 0 23.00 100.00
1930 1 7 15 2,91 30.43
1981 0 9 14 1.09 39.13
1932 1 18 4 8.91* 78.26
1933 0 9 14 1.09 39.13
1984 0 5 18 7.35* 21.74
1985 0 20 3 12.57* 86.96
1986 0 0 23 23.00* 0.00
1967 0 21 2 15.70* 91.30

Total 6 144 126 52.17

* Significant at 5 per cent level
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Variety - I x 03 Research Station - Balaranapuram

Table 4,3.10. Ha. of pains shaalng 'on' and ‘off’ phase
during 1976-1997

Year equalyield •on*phaso •off»phase
2 Percentage •on* phase

1976 7 0 11 11.00* 0.00
1977 7 11 0 11.00* 61.11
1978 0 15 3 8.00* 83.33
1979 0 17 1 14.22* 94.44
1980 1 7 10 0.53 38.89
1901 1 2 13 9.94 11.11
1982 0 18 0 18.00* 100.00
1983 1 1 16 13,24* 3.56
1984 0 2 16 10,89* 11.11
1985 0 17 1 14.22* 94.44
1985 0 1 17 14.22* 5.56
1987 0 17 1 14.22* 94,44

Total 17 108 91 50.00

* Significant at 5 per cent level



Research Station - Balaransaporara
Table A,3.11, Biennial tendency and timo-trend (Teats of significance)

Variety no. of palms n.s. due to contrasts r ratio
*1 X2 b X4 H F1 r2 r3 P4

WCT 193 2056.40 12897.96 19242.36 3241.26 3146.32 6.27® 4.04* 1.33*
T x D 23 3278.15 48470.02 10509.17 3027.83 10360.69 14.79* 0.72
T x GB 13 8966.84 30310.61 20341.79 3767.95 6058.59 *3.38 1.46

* Significant at 5 per cent level

cocn



phase was observod only In tha year 19S0. During 1977#
1978, 1979# 1982# 19® and 1987 the number of paisas in 
the *on* phase was found to be significantly high and 
in the remaining years It was significantly lou.

Tests of bionnial tendency and tlme-trond wore 
carried out with this data and the results are presented 
in Table 4.3.11* The significant ratio revealed the 
existence of biennial tendency in the ease of WCT, T x D 
and T x OB palas. Effect of time-trend was tested by 
using Eg criterion, Time-trond significantly influenced 
the VCT palms uhllo T x D and ? x GB palms were not influenced 
by this. The UCT palas wore hence tested by criterion 
and this revealed the existence of biennial 'tendency among 
these palas in the presense of time-trend.

4,4, Yiold data from Instructional Farm, Vollayani

The yield data of 4o Komadan palms for a period 
of four yoars from 1981 to 1984 were utilised for the 
study. A palm showing a ’B* factor 2/2 can bo said to be 
significantly biennial In bearing. Thus from the Table 
4.4.1 one can observe that 25 per cent of the Komadan 
palms are significantly biennial in bearing.

The Table 4,4,2 shows the intensity of crop fluc­
tuations. Tor 99 per cent of the palms the intensity
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Table A,4.1. Biennial Tcndoncy (Factor ’B’)

Variety - Komadan Research Station « Instructional
Parra, Vollayani

Tactor *B* (Proportion of palms shewing blenniality)
No. of palms Percentage of palms Cumulativepercentage

0/2 0 0 100
1/2 30 75 100
2/2 10 25 25

Total 40 100
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Variety - Komadan Research Station * Instructional
Farm* Vellayoni

Table 4.4*2. Intensity of crop fluctuations (Factor *I»)

Factor *1* 0o. of Percentage Cumulativepalms of pains percentage

loss than 105 1 2.5 2.5
10 to less than 205 9 22.5 23.0
20 to less than 30 11 27.5 52.5
30 to loss than 40r5 10 25.0 77.5
40 to les3 than 5Qr» 3 12.5 90.0
50 to loss than 6055 3 7.5 97.5
60 to less than 7055 0 0.0 97.5
70 to less than QO/j 1 2.5 100.0
80 to less than 90?5 0 0.0 100.0
90 to less than 100«a 0 0.0 100.00

Total 40 100.0
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Table 4.4,3. Mo. of palma showing ’on* and ‘off’ phase 
during 1931-136*

Variety - Ramadan Research Station - Instructional
Tara, Vellayani

Year oqualyield ■on*phase ■off*phase
2X Percentage ‘on* phase

1931 0 38 2 32.40* 95*0
1S32 0 2 33 32.40* 5.3
1983 1 15 2* 2.03 37.5
198* 0 11 29 , «• 8.10 27.5

Total 1 66 93 41.25

* Significant at 5 per cent level



Table 4.4 4. Biennial tendency end timo-trend 
(Test of significance)

Variety - Komadan Research Station -
Instructional earn. 
Vollayeni

Contrast Ilean souaros

X1 3766.55

Kg 9840.55

K_ 4178.77

X4 1050.76

X5 1505.94

a 2.61

r2 o 0.79

* Significant at 5 per oent levol



ranged from 0 to 50 par cent. Among these for 75 per cent 
of the palms the intensity ranged from 10 to 40 per cent.
The *1* factor ranged from 50 to 60 per cent for 7.5 per cent 
of palms. Tar the remaining 2.5 per coat of palms the 'I' 
ranged from 70 to SO per cent.

The equlprobability of ‘on’ and ’off* phase can bo 
observed from Table 4,4.3. This oquiprobabllity was 
observed only in 1983. During 1931 the number of palms 
in the *on* phase was found to bo significantly high and 
during 1982 and 1984 it was found to be significantly low.

The teats of significance of biennial tendency and 
time-trenc] are given in Table 4.4.4. The significant E\j 
ratio revealed the existence of biennial tendency while 
the non-significant Fg ratio revealed tho absence erf time- 
trend.

4.5. Effect of treatments on tbs magnitude of biennial 
tendency

The data utilised for this study was taken from 
RARS# Balaramapuran. The data consists of 109 ,fCT pain© 
which are subjected to NFK manuring during the period 
under study. A visual expression of biennial tendency 
among those palms can be seen from Tig. 4.5. The trend 
of these palms exhibited alternate increase and dcorease



in yield during tto period froa 1976 to 1937 except for 
the period 1977 to 1981.

The Table 4.5.1 gives the quantitative ostimato 
of biennial tendency, Tte data covered a period of twelve 
years from 1976 to 1907 and as such the *B' factor is 
based on 6 pairs of successive signs. A test of signi­
ficance of blenniality can be obtained by calculating the 
probabilities

Pr <x) - 6CX ($)* O)6-*, x =» 0, 1,.....6.
Eased on these probabilities a *B* factor :> 2/6 exhibited 
biennial tendency among these experimental palms (X * 15.35). 
As such all the 109 UCT experimental palms showed signi­
ficant blenniality.

The intensity of crop fluctuations are presented 
in Table 4,5.2. The Intensity was found to be less than 
50 per cent for 93.53 per cent of these palms. Tor the 
remaining 6.42 per cent of palms the *1* factor ranged 
froa 50 to 60 per cent.

The Taole 4,5.3 gives the cqulprofoabllity of ’on* 
end 'off* phase. Tor these palma the oquiprobability of 
■on* end ■off* phase was observed only in 1970. The number 
of palms in the *011' phase was found to be significantly 
high during 1977, 1979, 1930, 1931, 1982, 1935 and 1907
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Tablo 4.5.1 • Biennial tendency (Factor ’B*)
Variety - UCT (Exp. palms) Research Station - Balaraoapuram

Factor *B' No. of palms Percentage of palms Cumulativeparcontaga

0/6 0 0.00 100.00
1/6 0 0.00 100.00
2/6 22 20.16 100.00
3/6 3 2.75 79.82
4/6 24 22.02 77.07
5/6 36 33.03 55.05
6/6 24 22.02 22,02

Total 109 100.00



Table 4.5*2. Intensity of crop fluctuations (Factor *1*) 
Variety - VCT (Exp. palas) Research Station - Balaraiaapurao

Factor 'I' Mo* of palma Percentage of palms Cumulativepercentage

less than 105 1 0.92 0.92
10 to less than 20* 20 18.35 19.27
20 to less than 30\> 31 28.44 47.71
30 to loss than 4055 31 28.44 76.15
40 to leso than 50'S 19 17*43 93.58
50 to less than 60# 7 6.42 100.00

Greater than 60# 0 0,00 100.00

Total 109 100.00
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Variety - WCT (Exp, palms) Research Station - Balaraaapuram

Table 4.2*3* So, of pains stew Inc 'on* ana ’off* phase
during the period 1976-1997

Year equalyield ’on'phase *off«phase
2% Percentage

•on* phase

1976 3 21 85 33.64 19.27
1977 3 85 21 38*64* 77.93
1978 6 57 46 1*17 52,29
1979 3 69 37 9,66* 63.30
1980 1 62 46 2.37 56.63
1931 6 69 34 11.89* 63.30
1932 0 79 30 22,03 72.43
1933 2 29 78 22.44* 26,61
1984 3 27 79 25.51* 24.77
1985 0 103 6 86.32 94.50
1936 4 11 94 65.61* 10.09
1987 1 95 13 ■»62,26 07.16

Total 32 707 569 54.03

• Significant at 5 par cent level
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and In the remaining years it. was found to be significantly 
low.

Tests of biennial tendency end time-trend were 
carried out with this data end the results are presented 
in Tables from 4.5.4 to 4.5.7* For all the varying levels 
of N» P and K the test of clgnifieence of biennial ten­
dency and time-trend were carried out. For the zero, 
first and second levels of W, P and K the sigaificom,
F̂  ratio revealed the existence of biennial tendency. 
ratio vqb not found to be significant in any of these 
cases pointing out the absence of time-trend. Significant 
biennial tendency was observed among all these pains 
treated with t! and P. Except for the Oj and p-j level of 
N and P, time-trend did not influence these palms at all 
the other levels of NP combination. The F^ ratio was used 
to test the significance of biennial tendency in the 
presence of time-trend for the palas treated with rijp̂ »
The significant ratio revealed the existence of biennial 
tendency in the presence of time-trend among the palms. 
Biennial tendency was observed among palms treated with 
K and K but was not Influenced by lino-trend. Since the 
yield of palms was very lew In the absence of K at these 
combinations, those pains were excluded from the tests 
o£ significance. For all the other palms treated with P 
and K The existence of biennial tendancy and the absence



Table i .5.4. Biennial tendency and tioe-trcnd (Teats of significance)
Variety - 7CT (Exp. pales) Research Station - Balaramapurora

Treatment no. of palffis H.S. due to contrasts P ratio
X1 X2 X4 X5 r1 F2 r3 F4

n0 26 1494,82 22073.98 3050.66 1089.08 3261.77 14.77 0.5S
U'j 39 1095.78 14412.47 7529.44 1521.72 3238.64 4­13.15 1.70
°2 45 1693.48 41940.08 11431.36 2671.06 7615.07 24.77* 0.97
Po 32 992.82 30720.22 10595.42 1727.32 6244.95 30.94* 1.26
Pi 41 18-44.19 29864.93 12748.39 2384.40 6320.71 16.19* 1.44
*>2 36 1353.17 29274.71 5579.96 2232.75 4471.22 21,63* 0.67
»b 6 520.67 4024.97 1935.77 612.27 466.57 ■fi*7.73 1.42
*1 49 1512.87 16019.20 6244.36 1571.04 2834.69 10.59* 1.22
**2 54 1352.14 41206.48 12131.17 2615.66 7158,32 30.48* 1.07

# Significant at 5 per cent level
ipCO



Sable 4.5.5. Biennial tendency and tloo-trend (Tests of significance)

Variety - UCT (Exp. pains) Research Station «* Balaramapuram

Treatment M.S. due to contrasts T ratio
*1 Xg h X4 *5 r1 F2 F3 r4

nopo 10 624.71 32851.30 5162.34 1428.23 4933.84 52.59* 0.59
«Qp1 7 2135.48 14090.67 3996.62 1070.62 1992.62 6*60 0.78
n0P2 8 1532.79 12474.00 3069.71 831.71 1813.36 8.14* 0.72
°1p0 8 1160.29 14938.00 3318.06 1053.64 3805.64 12.67* 0.72
°1p1 17 1336.36 17562.00 11905.55 2427.07 4134.93 13.14* 2.21 2.57*
UlP2 14 921.98 8361.30 2821.26 754.23 1370.40 9.07* 1.01
napo 14 952.25 40741.45 14700.75 2237.91 8190.59 , * 42,73 1.35
n2p1 17 2431.51 51679.33 15493.26 2829.57 10804.76 %

21.25 1.03
n2p2 14 1649.57 23785.81 4392.25 2252.99 3196.23 &14.42 0.63

Significant at 5 per cent level
CDCD



Variety - <7CT (Exp. palms) Research Station - Balaramapurao
Table 4.5*6* Biennial tendency and tine-trend (Tests of significance)

flo. of M.S* di_o to contrasts . . r ratio
paln3 *1 *2 *3 X4 X5 r1 P2 r3 P4

n0&i 3 2033.53 12286.36 2667.00 538.50 1688.00 *5.85 0.58
n0fe2 13 1220.0? 32978.03 5265.36 1642.74 4772.03 27.03 0.57

19 <X)8.69 13592.92 7017.04 1234.99 3006.93 14.96* 1.72
19 1143.18 14883.05 7222,93 1739.09 3499.34 13.02* 1.58

*2*0
“2^ 22 1314.69 21396.41 5349.47 1706,16 3357.57 11.79* 0.80
n2*Z 21 1689.25 56521.53 13007.49 3168.09 10131.66 33.46* 0.84

* Significant at 5 per cent level



Table 4*5.7. Biennial tendency and time-trend (Tests of significance)
Variety - UCT (Exp, pains) Research Station - Balaramapurao

Troatoenc No. ofpains M.S. due to contrasts T ratio
X1 *2 *3 X4 X5 r1 r2 P3 F4

pO%
17.27*«0*1 15 984.21 16995.50 9224.24 1270.35 3899.74 1.85

*0*2 13 1195.03 43517.76 12238.58 2546.60 7743.73 36.42* 1.04
p^o
P1^ 21 2117.93 12374.85 5757.43 1098.46 2130.69 5.84* 1.23
Plk2 18 1517.23 46641.55 14397.23 2664.60 10050.25 30.74 1.12
p2ItO

14 1262.40 19897.21 4111.52 1740.07 3571.23 15.76* 0.69
V ^ . 22 1362.18 32455.69 6752.36 2473.ee 3918.54 23.83* 0.74



of tlme-trend were revealed by the F-test.

Tho presence of biennial tendency was reported by 
Soraswathi (1933) during the pre-experlmental and experi­
mental periods and its acsence during tho post-oxperi- 
mental period. Her studies revealed the predominance of 
biennial tendency at various love la of H and K and at 
higher levels of P. At 0.25 kg (per palm por year) lovol 
of P» presence of blenniality has been established.

A knowledge of the magnitude of blenniality In 
various hybrid varieties of coconut will be helpful to 
design experiments on them by utilising calibration 
techniques and also in tho analysis of several years' 
yield data. If the yield data of 'on' and 'off' years 
are combined tho biennial effect will bo nullified and 
this combined data can be usod for design and analysis. 
Blenniality is found to bo Independent of fertilizer 
application. So the production in tho 'off* year may not 
be improved by fertilizer applications. Sinco blenniality 
is established In all the varieties of coconut studied the 
selection of adult palms for experiments need bo selected 
on the basis of an even years' of yield data.
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CHAPTER V 
SUMMARY

Coconut is a perennial crop which is also not free 
froa the special characteristic of poronnials, namely 
biennial tendency* The present study is conducted with the 
objective of estimating the magnitude of biennial tendency 
among hybrid varieties of coconut end to test for the signi­
ficance of this tendency in comparison with UCT variety of 
coconut* Non-paransotrie and parametric approaches i,ere 
U3ed to estimate the magnitude of biennial tendency and 
time-trend and to test for their significance* The inten­
sity of crop fluctuations v?as also estimated*

The trend line fitted to yield data for UCT and 
hybrid varieties of coconut for a period ranging froa 12 
to 16 years exhibited pealts and troughs in alternate years 
giving a rough idea of their biennial bearing tendency.
An increasing or decreasing trend oxMbited for shorter 
periods in the time interval may be attributed to clinatic 
factors, especially rainfall.

■f*
A quantitative estimate of biennial tendency was 

obtained by the non-parcmetric approach using *B* factor. 
The UCT pains tahen from RARS, Pilicodo; RARS, Kuaarakoa 
and CRS, Balaramapuram showed biennial Tendency to a magni­
tude of 103 per cent, 52.26 per cent and 64.34 per cent 
respectively* The UCT pains which wore subjected to HEK



manuring at CRS, Balnraaaouram showed 100 par cent biennia- 
lity* Among hybrids I5CD, LO x GB* and CC a GB palms exhi­
bited 100 per cent blenniality* 97*39 per cent of OCT x CBG 
pains shewed the biennial bearing tendency. Biennial ten­
dency was less far 1 x AD and T x 10 palms. 14.29 per cent 
of these palms showed significant blenniality* For the 
other hybrid varieties, via, UCT x GB, AO x GB, Java x GB,
LS x GB, T x G, T x SS, T x D, T x GB and Kooadan, the 
magnitude of biennial tendency was respectively 94.12, 80, 
83.33, 80, 71,42, 66*67, 95.69, 88.89 and 25 per cent.

She value of *1‘ which is a measure of tho intensity 
of crop fluctuations was found to bo less than 50 per cent 
for almost all theso varieties. For more than 60 per cent 
of the palms of all varieties the value of ‘I* ranged from 
20 to 50 por cent. The number of palms showing an 'I • value 
higher them 70 per cent was very few. For 82 to 93 per cent 
of the ViCf palms the Intensity of crop fluctuations was 
less than 50 per cent, 100 por eent of tie AO x GB, T x G,
T x AD, T x ID and T x GB hybrid varieties exhibited an 
intensity less than 60 per cent. Intensity of crop fluc­
tuations was less than 50 per cent for 30 to 90 per cent 
of WCT x CDG, WCT x GB, LO x GB, LS x GB, T x S3 and Kooadan 
varieties, 60 to 70 per cent of CC x GB, Java x GB and 
T x D and 50 per cent of BCD palms. 50 per cent of the 
BCD palms showed high intensity of crop fluctuations, rang­
ing from 70 to 90 per cent.



■LUO

Distribution of palm3 in tho ’on’ and ‘off* phase 
with respect to all varieties also gave an evidence of 
biennial tendency among these pates*

The test of significance of biennial tendency 
revealed the existence of biennial tendanoy among all the 
UCT and hybrid varieties except for T x AD and T x LD 
hybrid pate* Almost all the palms were found to bo not 
Influenced by time-trend. But the UC2 experimental palms 
and UCI x CDG palms wore influenced by both the time-trerd 
and biennial tendency*
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ABSTRACT

The prosent study doalo with tha objective of esti­
mating the magnitude of biennial tendency rncng cooonut 
hybrids and UCT and to tost for their significance, Non 
parametric and parametric approaches were tried for the 
study. The intensity of crop fluctuations was also esti­
mated.

The magnitude of biennial tendency was 100 por cent, 
52.26 per cent and 84.34 por cent respectively for the UCT 
palm3 taken from RARS, Pilicodo; RARS, Kumarakom and CRS, 
Balaramapuram. 100 per cent biermiality was observed for 
the uCT palms which wore subjected to NPK manuring and for 
the hybrid varieties NCD, LO x GB and CC x GB palms. 97.59, 
94.12, 80, 03.33, 80, 71.42, 66.67, 95.69, 83.89 and 25 
por cent af the pains of UCT x COS, UCT x GB, AO x G3,
Java s GB, IS x GB, I x O, I x SS, T x D, T r  GB and Komsdan 
exhibited biennial tendency. T x AD and T x LD palms showed 
only 14.29 per cent blenniality. Intensity of crop fluc­
tuations was less than 50 per cent for almost all these 
varieties. The distribution of palms in the 'an* end 'off' 
phase also established the existence of blannlal tendency. 
Tho test of significance of biennial tendency established 
the existence af biennial tendency among all tho UCT and 
hybrid palms except for T x AD and T x ID. The time-trend



was not found to bo a significant characteristic for almost 
all the varieties. UCT palms which ware subjected to ferti­
liser management during the period of the study and WCT x C03 
palms were found to be influenced by both the tioe-trend and 
biennial tendency.


