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BmODUGXIOH

The Icproveasnt of crops by agronoaxc and 
genetic mean* involves Eanipulation of the physiological 
and hloohes&csl characters of the plant* The likelihood 
of success of a particular project vith such an objective 
could bo giiage?! only by on epproeiatlc^ of the various 
mechanisms at cellular and molecular l^vel* Approach In 
the same line is neeossaxy to understand the causes of 
failure or to identify the future possibilities* Biooheaical 
methods ore increasingly used to evaluate the crop 
varieties* bhenged mtfaodo of Management and to predict 
tile performance of the plant as such*

The magnitude of resources end amount of time 
spent towards improving the perennial ci'pps* agronomic or 
genetic* Is much loss, rexamerative when the not-so-sure 
re milts ore considered* In such oases especially 
biochemical tools for evaluation will bo of intense help.
In t&ie instance ©election of proper biochemical consti­
tuents assumes much importance* The relationship for the 
selected parameter© with various plant psrforaance 
characteristics m nt b© ssedo known. This sust be monitored
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thence from the seed or seedling stage to the field 
production stage before such tools could be standardised#

Research prograuraes vith such broad objectives 
ere already underway to many perennial crops* She present 
study is undertaken to order to characterise the yield 
coigponeats to coconut pals to relation to biochemical and 
morphological char&oterlafcleo of the palms* could
be of use to identifying toe components associated vith 
better yield and for selecting potential yieldsra*
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mvxm OF U3SSRA2UBS

As vito most of the perennial plants, coconut 
Improvement works take:, a lot of time and apace but a 

certain amount of both can be saved by way of forming 

.criteria for early selection* Monitoring the biochemical 
components at the juvenile stage nnd establishing their 
relation ship, vith the field performance forms toe latest 

line of work in such cases* Thorough information 

regarding toe basic biochemical nature of the plant is 

necessary for this.

Crop yield is described as an expression of the 

physiological activity in the plant system, which in 

turn is influenced by the amount or activity of toe 

biochemical constituents* Of late, the use of chemical 
diagnostic techniques are on the increase, to judge the 

general state of health of toe plants and to assess the 

nutrient needs* The foliar diagnostic techniques 
standardised for various crops have had commendable 
Impact on economic management of crops* Uae of such 

techniques for improving yields has been reported in 

coconut also* ,. A brief review of tha available information 

on toese aspects are presented in this chapter*
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Yield and yield components

Patel (1938) had observed that variation, in nut 
end yield characters say be due to the age of pola, the 
soil end environmental conditions and the inherent nature 

of the trees* Considerable data cm the effects of eastern 

on the different oh&r&eters of tall variety of pala of 
the vest coast h&go been gathered as a result of detailed 

investigations carried out at CPGBI, Khsaragode. For an 

ordinary tf*C,2* type highest yield as veil as maximum 

copra are obtained during summer season* Xhe smallest nuts 
vith lovsst yield of copra ore obtained during north east 
monsoon* Effect of season on crop vary vith varieties*

Yielding capacity of the palms is  to be identified 

during the early stages of growth* Myahagc and ^beyvardane 

(1958) had pointed cut that the yield of second and third 

year of bearing had a relation to the yielding capacity 

of the p&Xa at adult stage* She initial yield is time 

helpful In spotting out the lev ylelders and replacing 

them in the early stages,

imocg the, various components of yield, Smith (1969) 
expressed the viev that number of nuts per bunch v&s the 

aost variable component, vhich vas influenced by ferti­
lizer treatments.
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la coconut palas It  was suggested that yield 

variations duo to weather factors arc more pronounced 

then in other ireo crops (Absyverdane, 1971)- it  was 
reasoned that the X<pg reproductive cycle of coconut 
cannot obviate from vagaries of climte in its external 
Ksnifestatiens* According to him, although rainfall Is 

the chief factor controlling these yield variations, a 

quantitative demonstration of this influence leading to 

a prediction of crops on that basis has been elusive ►

Variation in  morphological characters and yield

Attempts hav© been made to establish the degree 

of relationship that exist between various morphological 
characters and yield of palms. Patel (193b) reported 

that the length of a tea and number of leaves on tie crown, 
arc positively correlated to yield*

$ht dlrocton of leaf orientation on the crown 

was stated' to be associated ?̂ifch yield of the palm by 

Davis ( 1963) who observed that the anticlockwise arrange- 
m nt of the 2/$ spiral of loaves have superior yielding 

capacity over clockwise arrangement. Sut Satyabslan e j. 
(19&0 ruled out such possibility end stated that the 
♦lefts1 have no superior yielding capacity over tha ♦rights1*
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In 1972* Satyabalan reported significant 
positive correlation for plant height and number of 

leaves vith yield* Positive correlation for stem girth 

just bolov the crown* number of leaves present at a 

given time, the average number of flowers per bunch at 
the time of opening end yield have been reported by 

Abayvardane (1976)* He also found that there was signi­
ficant correlation between yield,leaf length and number 
of leaflet*# per leaf,

Foliar nutrient status in relation to yield

Siller and Prsvofc (13&2) suggested critical 
nutrient levels for coconut palms in the leaves uhloh hoe 
attained fu ll maturity* Shey observed that the nitrogen 

content of loaves increases from leaf number one to leaf 
number sir and than decreases* Phosphorus and potassium 

content decreased with age of leaf but calcium and 

magnesium content increased, aynergistio relation existed 

between K and Ha when the amount of K was below the 

critical level* but the inverse relationship was true 

when K was above the critical level* Such relationships 

were also suggested in between K end Ga* and K and Kg. 
Indirekuity and Pondhlai (1968) observed significant 
difference between low* medium end high yieldsra in teres
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of foliar ll9 P and K content. They attributed this 

variation to tlie ability of the palms to absorb 

nutrients which In turn is affected by genetically 

controlled factors oporating through its effects on root 
production or physiology. They also suggested that the 

critical foliar nutrient levels nay very from soil to 

soil when trees falling under the same yield group are 

grcvn on different sons.

2)evi bikI Pandaloi (1963) reported a progressive 

fo il in nitrogen* potash and phosphorus as the yield from 

the pains decreased. They found little  effect for calcium 

and Boron. They also worked cut the following correlation 

coefficients and regression equations.

H -  Q.9C** Y s 625**82 x -916.82
PgO  ̂-  0,91** Y a 656.00 x -238.8
JCgO -  0.89** Y a 96.61 x -100.23
CaO ** 0*30 y a 11CO*PQ x -tytf3*36
Fs -  0.90** t «  3.58 x -983*73
» i  • - 0.96'* Y * 2.56 x -257*67
Bo -  0.07 Y «  2.17 * -  81.71

(x *  ppa of nutrient in leaf* y a average yield)
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the very concept of independent critical level 
of m $or nutrients in foliar diagnosis was challenged 

by Smith (1969) tfoo stated that the ratio between foliar 

W end K is related to yield*

Thomas (1973) observed relation between yield 

end N/P, H/K, and Ga/Hg ratios* According to hte the 

level of K had to be interpreted in terms of a balance 

between K and Ca# With regard to the individual nutriente, 
he could observe positive correlation with yidd only in 

caso of B n»d Os* Ho also opined that to some extant 
nutrient composition of leaves could reflect the nutrient 

status of soil*

Significant genotypic variation In foliar nutrient 
concentrations wore observed by HahiA at al» (1981).

Gopi (1981) found significant correlation for 

yield with nitrogen content of lecf is leaf position*
3# V* 8, 10, lWf 15 end 26 froa the first fully opened 

leaf* S&e highest correlation for potassium with yield 

was obtained from the leaf at position 2* He obtained no 

significant correlation for leaf phosphorus with yield*

BiochQalool components of yield

identification of biochemical components respon­
sible for crop productivity had been attempted in Many



9

crops. Factors such as activity of various enzyme** 
content of free amino acids* mitochondrial activity,
Co2 assimilation rates etc* have bean studied. Srinivasan 

and Kao (1971) reported increased peroxidase enzyme 
activity during inflorescence formation in grapevine 

shoots. According to Hagcsan *t (1967) enzymatic acti­
vities assessed cen provide an estimate of the metabolic 

potential of a genotype* by virtue of which other criteria 

for early selection can be furnished. 2he enzymatic 

activities can also reflect the Influence of environment 
and mineral nutrition on plant function.. 3b situations 

where the activity of a single ensyas can be related to 

some particular aspect of development or to sane important 
property of the final product? according Draper (1976)* 
there exists a possibility of using ezizyme techniques 
as a tool for selection of improved genetic material.

Studies relating to enayae activities and their 
correlation with growth have bean carried out by scientists. 
Vora and Vyas (19?^) found that catalogs activity 

Increased conceal tan tly with active growth. Shey also 

put forward an inverse relationship between the activities 

of catalaae and peroxidase and growth in oats. Peroxidase 

activity increased whenever there was differentiation*
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Enxyase Analysis as a tod to judge the mineral 
nutrition statue is also being locked into# Barret (1982) 
suggested cnrymafctc markers for phosphorus deficiency 

in wheat# He found that althouga the total phosphatases 

activity had no consistent relation with P deficiency, 
the •fraction B» of phosphatases separated by batch chroma­
tography vith cation exchange matrix CM cellulose, where 
the •fraction B* was absorbed by the matrix contained 

phosphatases which increased with P deficiency*

Isehbach (1982) based on hie studies on biochemical 
components of yield in oil palm, arrived at the conclusions 
that although significant differences occur for each 

parameter among different groups of oil pelts, there is no 

overall relationship between the biochemical characters 

and yield* Ha also found that the enzyme activities 

especially nitrate reduotaee and acid phosphatase are 

distinctly influenced by mineral nutrition to such an extent 
that they could be considered as diagnostic tods*

Studies made on the mitochondrial activity In oil 
pain have afcown that there is significant correlation 

between such activities measured during nursery stage and 

field production. Such relations could rack© it  possible 

to sort out most productive material at very early stage 

(Kouame and Hoiret, 1981)*
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In coconut paLzas, Investigations vith regard to 

ensyu* relation a, relationships of other cell components 
vith yield had been attempted by son* workers* Keinicks 

(1923) and Esoll and Christ (1927) have shown that 
estalase activity la related to growth end vigour of the 

pals* Sadaslvan (101) had found that the endosperm of 
coconuts contains peroxidase, dehydrogenases, catalase and 

phosphatase. Hagorajan and Pandalai (1977) studied the 
influence of agricultural practices on oxidising enzymes 
of coconut water. They suggested the possible use of 
selection and adoption of agricultural practices using the 

information on carbohydrate, fat and protein splitting 

ensymes in coconut water.

The apparent rate of photoeynthas: 

estimated by Hathew and SUisadasan (1975)< 

its correlation with annual yield end ch]

Characters r

Hate of apparent phototshynthosis + 0.6137**
vs annuel yield

Bate of apparent photosynthesis *  0.2233*
vs chlorophyll

Total chlorophyll vs yield + 0.2735**

Variation In chlorophyll content among different 
0m  and hybridg wore reported by Mathew and Bamadasan (1973).
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Two high yielding hybrids i.e ., Dwarf x Tall (DxT) and
Tell x Dwarf (TxD) had more chlorophyll compared to W.C.T.
end others in the 8*1 or 8/2 leaf which had minimum

2
coefficient of variation.

Besadaaan and Mathew (1977) reported variation in 

starcht reducing sugars and non-reducing sugars In coconut 
palms. They observed higher total carbohydrate content in 

the trunk of hearing pains compared to non-hearing palas. 
The bearing palms hod a CiH ratio of 1*0. compared to 0*6 in 

non-bearing palms* Hathew (1977) described ohonges in 

carbohydrate constituents in disease affected palms. Total, 
reducing end non-reducing sugars were significantly higher 
in foe foliage, i&ile there was a depletion of these con­
stituents from the roots.

8ai end Rasaddsan (1978) described variations in 

starch, reducing and ncn-reduoing sugars during coansnce- 
ment of flowering* Tho starch content reduced and 

non-reducing sugars went up*

Analysis of free amino acids (FM) can throw light 

to the nitrogen nctnbolisrn. F ilia l (196h) performed 

circular and two dimensional chroootogrephy on coconut 
tissue extract* He identified aspartic acid, serine,
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glycine, glutamine, threonine, olenine, tyrosine, 
valine, methionine, leucine, aainobutyrio acid, proline, 
aetheonino sulphojslde, aopnrganc, lysine, cystine, 
argehine, histidine* and pipocolic acid in different 

tlaeues* ®ia salient findings war® sumad up as

(1) Free amino acid content of nut water 
increases vith maturity while that of 
tesraoX decreased*

(2) Petiole, stwm, roots and loaves vers fomd 

to contain lower quantities cjf FM*

Bdasubranedsia et a l« <195**'J studied the FM 

pattern in bearing and non-bearing palms, Tmy found 

that non-bearing palms had significantly lower FAA level
than that ctf bearing palms* She pattern they observed, 
were similar to that shown by nitrogen starved young 
palms* $hay found inai zm bearing palms had atlcost 
50 per cent more FM content than fcho nan-bearing ones. 
Amino acids Xlko sorino, aspartic acid, glutamic add 

and alanine vliich are Isaporfcant In glye cully tio cycle and 

grab’s cyolo ware vary less in aoa-besring palms, 
lyrosin© wee detected only In bearing palms.
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Barcelon (1983) after studying fra©
anlno acid pattern An cseny pals varieties, correlated 

i t  uith susceptibility of these psl&s to lethal yellowing 

disoaso end found that thoro is soho correlation between 

presence of free arginine and the susceptibility of the 

pala to the disease*
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KAm iAX# AND JE2BQDS

Ihe ©xperiacntaX palms, ov West Coast Tan 

ware selected frees the existing plantation at the 

Agriculture! Be search Station t Mannuthy (12° 32* North 

latitude, 0*° 20* East longitude, 22*2? a above )•
Belss were selected based on yield data for the previous 

five years* The group I  consisted twenty pales which 

gave less than **0 nuts per year on an average* She twenty 

pains under group XI gave **0*80 nuts per year on an 

average and the twenty palms of group II I  gave more than
00 nuts per year* Xfte experimental palms are maintained 

according to the package of practices recommended by the 

Kerala Agricultural University*

1 Yield data

Yield data for previous five years were collected 

from the register maintained in the research station* 
During the experimental period yield of nuts was recorded 

during each harvest*

I I  Observations on growth characters

Observations on the following asj 
recorded from the sixty selected palms*
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1 , Total number of leaves <m the crow

Tho total count of leaves on the crown were 

recorded every two months, taking the first fully 

opened leaf us number one and counting dovnwarda • She 
average leaf number on the canopy was then calculated.

£» Periodicity of leaf exasrgoaeo

Observations on the rate of emergence of leaves 

wero recorded at biaonthly intervals end the R©sn number 
of doys elapsed between oraargcnce of two successive 

leaves were computed*

3. Length of leaves

The total length of tvo oldest leaves at the 

base of the crow was recorded from each pain*

k* length of petiole

The length cf petiole vat measured from the 

proainal end of the rachls .to the position of the first  

leaflet m  the rachis*

5, Number of leaflets

The total number of leaflets In the leaves 

selected for length measurements were counted and recorded*
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6, Keen length of leaflets

She mean length of leaflets vas calculated 

from random aoasureaent of length of leaflets fro a basal, 
middle and diot&L parts of th® leaves.

7. Girth at collar

She girth of the trmflc at the collar region vas 
measured and recorded.

I l l  Chemical analysis 

1* Collection of .samples

From each palm, samples were collected selecting 

the 1bth leaf from the top excluding the unopened leaf, 
vhich vas suggested by £111 er and Frevot (1962) aa the 

physiologically mature loaf of the pals. Sampling vas dene 
during tvo periods i*e*6 during Just prior
to the Sout$i»Vest nonsocn and during Septesber-Qctober, 
just towards tho clous of monsoon.

For the enrtlyais of mineral elements, carbohydrates 
end phenols, tho samples vere collected between 0730 h 

and 1030 h* Sforao to four leaflets free the middle poriicti 
of the loaf ver© collected and the mid rib vas removed.
7h© middle cm portion vas cashed is distilled v&ter
and after blotting the vater, it  vas dried in a hot air oven
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at GO°C| t i l l  it. attain id c existent weight* She dried 

samples vers povdercd and stored in polythene bottles*

Sables for the estimation of chlorophyll 
content* Catal&e© and peroxidase activity vere collected 

fresh. In order to arrest the enzymic action end
degradation of the Mochesftool crape® onto 3 tlia oeaplea 

vere icaasdl&leXy tr&n^orred to* cas ice bucket after 
covering with polyfchc&a wappero. Before weighing out 
suitable carjple iota in the laboratory* they î ere washed 

in distilled water#

2. Analysis of mineral nutrients 

a* 1’otal nitrogen

The total nitrogen present in leaf tissues vas 
estimated following the mlorokjeldahl digestion and 

distillation method (Jackeon* 1'958). She nitrogen content 
estimated thus vas expressed as per cent nitrogen on dxy 

weight basis.

b* Phosphorus

Phosphorus vas ostinatsa by variadoniolybdate 

yellov cdour method on the extract prepared by digesting 

powdered leaf camples in 9&2*1 nitric acids sulphuric acids 
perchloric acid mixture* She phosphorus content vas 
expressed as per cent cn dry weight basic#
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c* Potassium

Potassium content of the loaf sanjpls vas 
determined flame photometrically as suggested by Jsckson 

(19J8) is  the triaold digests, and vas expressed os
p&r on dry veight basis.

d. Calcium and magnesium

Content ot calcium and magnesium vas estimated 
by ferssne titration method using Calcon m& Kridiroa* 
Slack 1 as i?jdicato2S| on the vat digested samples 
mentioned earlier. The contents vero expressed as per cent 
on dry velght basis.

3* Analysis of biochemical constituents

a. Soluble sugars

The soluble sugars present in the pov&ereu
samples *?©rc extracted In alcohol imd veto estimated by 
an throne icstfcqd (Dubois 1951)» Shssa vers expressed
as per cant on dry wight basis,

b. Starch

Ehe residue le ft after extraction of soluble 

fraction of e&rbshydratea vas used for this estimation.
The starch fraction vas hydrolysed to soluble fractions
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vith Js pas* cent perchloric acid at 0°C for 20 ainutea 

twice as suggested by Mc-cready at tiL. (1950 >• and toe 

content vaa estinatod by enthrone asthod# The conversion 

factor 0*9 vas used to calculate the starch content.

Co Total phenols

Tko total phenolic constituents were Gstliaated 

in the water extracts froga the powdered saaples by the 

Hsjthod* sugdestod by A0A0 (1970) with Fc&Uia-iltennis resgsnt* 

Tte contorts vera ©spressea as per cent on dry weight basis.

d* STreo a îne acids

The frse amino aold fractions in the leaf saaples 

were extracted In aquocs dcohdl end veto qualitatively 

separated by paper chronatogr&pby vith n̂ butenoCU acetic 

acids water <Wt1s1). The oaino acids were identified by 

nithydxin colour re action.

©i Totol chlorophyll

Chlorophyll In the freshly collected ssisplea was 
extrested in aeotens by lacerating 1 g esasple in a /soriar 
with acid washed sand. A pinch of Ca CÔ  vas added to 

avoid ptieophytih formation. Chlorophyll estimation vas 
done by recording the differential absorptivity of toe
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filtered extract at and 665 nm as suggested by 

stames and Hadley (1968)* The chlorophyll fractions 

were estimated using the following formulae*

Chlorophyll *a* «  12*72 A ^
Chlorophyll *h* a 22*87 Aĝ g -  ^*67 Ag^

total chlorophyll t» 8*05 4 20*29

too contents war» expressed as ag/g on fresh 

weight basis*

f « Catalaso activity

toe outclass ensyme activity of the fresh tissues 

vas estimated by the method suggested by AOAC (1970) on 

the extracts prepared by comminuting 1 g portions vith 

20 mg Ca CÔ  end water, and vas expressed by the arbitrary 

units as ;u zsoOLes of HgOg decomposed per hour per graa 

of sample*

g* Peroxidase activity

Peroxidase onsyno activity vas estimated in the 

enxyae extracts prepared by blending 1 g fresh sample mads 
into 1-2 cm pieces, in chilled phosphate buffer pH 6*Gf 
by its colour development reaction with Gualaool 
(Q-methoxyphenol} in presence of 1 per cent HgÔ  as 
substrate (Addy and Goodman, 1972).
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Goil anslysia

Soil eaarapiea wore collected from the basins 

of each palm to a depth of 50 cm from the surface using 

a harmer driven soil tube* She sasg>les vero collected 

from ** points covering 1*5 a radius around the pais*
She bulk of sample van reduced by Quartering* Shea® vere 

then air dried, sieved to pass through 2 so seive end 

stored. The soil pH vas measured in the suspension vith 

one part soil in 2*5 parts of water*

The nitrogen content was detomdnod by kjeldahl 
digestion god distillation method* The available P vas 
extracted using Bray Ko*1 and vas estimated by the stannous 
reduced ehlorocolybdic blue colour method in I&1 syotear 
The available K vas extracted in neutral normal 
acetate and vas estimated by flame emission spectroscopy.

IV Statistical analysis of the data

The data recorded on various morphcaogical and 

chemical param eters war© analysed as described by Sncdecoi* 
and Cochran (HI967}*

Ginpl© linear correlation coeffi U*VU WO W*« © 

worked cut between yield and the characters under study*
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CheF£Qta?$ which exhibited significant correlation with 

yield were selected to find out their Interrelationship** 
Yield prediction models* were proposed based on the 

regression analysis of these characters and linear predi­

ction equations voro evolved*

fha mathematical nodal of the linear regression 

equation is

y ® bo * S  bi  xi
l=d

where bQ* ,«..«*** arc the pamoate*
«*•«««»» « )  bolng the p,irtisl regression c 
Significance of tha regression coefficient 
by using the student*® *t* test* 3he coofnciant or 
multiple detenainaticin (H^) vas calculated to tost the 

adequacy of the fitted model* direct effect of Various 

characters were calculated by using the statistic Pi

i&ere Pi «  % x Sx»
*■ ■■■Jh.w

£x̂  «  B*S>, of X̂ * Oy* »  @«9» of yield*
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This chapter presents the salient findings 

from the observations recorded during the course of 
the stuay, based on general trend and statistical analysis 

of the data.

3*1* Yield from the experimental paisa

3te yield data of esperiiasfltsl pdms for six 

years inclusive of the year of Invaatig&ticn have been 

presented in Tables 1a, 1b and 1o« The classification 

of palms to low yielding, medium yielding and high 

yielding groups $ was done based on this* The low yielding 

group of palms on m  overage produced £6*6? to 36*0 nuts 
per psira annually* In fee s&dlua yield group it  ranged 

from 51*5 to 93*83 nuts per annum* The high yielding 

palms produced ??»Q to 117*8 nuts on_nn average, annually.

The yeorwlso variation in the yielding habit 

of the three groups nas been graphically depicted in 

Flg.1» The low yielding group presented a narrow range 

of variation compared to the medium and high yield 

groups. From 1980-81 onwards, a ll the three groups showed 

similar tend, Thera was a general decrease in yield 

during 1980-81 period.
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Table 1a« Xleld of the experimental paXrao, Group X
(IlutQ/palo/year )

Si.
No. 1977-’78 1976-'79 1979-*80 1980-*61 198l-<82 1982-»83 Keen

1 »»2 36 21 *»5 26 36 *.33
2 31 13 If? 28 1*1 50 35.00
3 ■20 26 39 36 **•3 52 36.00
W 33 18 Sfc 17 35 36 27.17
5 15 19 27 38 31 30 26.67
6 18 0 30 23 1*0 58 30.67
7 27 19 !h 23 38 M* 29.17
8 36 29 17 18 1*2 51 32.17
9 U6 33 23 26 1*6 51 37-50

10 36 31 1*2 30 29 50 36.33
11 21 17 19 21 15 22.83
12 29 «+7 29 25 51 1*9 38.33
13 30 29 30 30 50 Wf 35.50
1U 29 19 3N- 18 27 **3 28.33
15 19 27 31 30 26 33 27.67
16 27 19 16 &■ M 3* 28.50
17 16 21 32 38 33 **3 30.50
18 18 19 35 1*1 36 37 31.00
19 21 37 32 28 23 1*8 31.50
20 19 27 31 2fe 38 38 29.50

Kean 27.15 25.05 29.15 27.15 35.55 ^3.55 31.̂ 3
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Table 1 b* 2ield of szperiscnfeal palse, Group II
(ftufce/palia/year)

81.
No. 1377-'78 1979-*79 1979»»80 1980-*81 198l-»82 1982-*83 Mean

1 89 73 56 21 M* 65 58.00
2 70 39 28 1*6 65 65 52.33
3 52 39 U9 61 63 79 57.17

$0 1*8 52 30 72 87 56.50

5 k$ 89 8>;- M* 67 89 70.33
6 35 Mi- 85 *>0 78 83 60.83
? *>9 58 **9 62 53 9k 60.83

8 Vf 72 109 90 53 69.83
9 22 62 51 32 67. 75 51.50

10 1*9 55 79 86 78 81 71.33
11 88 89 W» 101. ?*► 73.17
12 51 & 98 115 67 79.83
13 61 1**3 119 72 98 70 93.83
lU 63 72 101 92 60 108 82.67
15 52 0* 75 80 90 83 77.83
16 M 80 73 72 102 87 75.83
17 39 10k 55 81 50 . 111 . 73.33
18 39 58 % 51 82 62.33
19 t*6 90 57 81 50 93 69.50
20 69 62 67 56 69 80 67.17

Ms an 50.5 71.2 72.5 63.^5 68.9 82.2? 68.13
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Sable 1c. yield of experimental palas, Group in
(N uts/paln/y ear )

61*
No* 1977-*78 1978-*79 1979-*80 1980-»81 1981-*82 1982-*83 Mean

1 57 92 1b8 11** 73 127 101.83
2 67 80 79 89 112 107 89.00

3 97 118 73 112 108 112 103.33
b 1*0 5b 127 103 116 Ibl 97*67

81 7° 117 81* 78 1lb 91.33
6 77 111 127 116 13b 126 115.17

7 101 95 117 99 81 126 103.17

8 60 119 97 97 60 127 93.33

9 ?b 83 163 89 99 126 106.50

10 99 157 126 106 76 139 117.17
11 62 89 121 96 91 110 Sb.83

12 60 83 6** 72 108 126 65.50

13 67 98 96 79 112 86 89.67
1b 70 76 110 9b. 8b 98 88.67

15 ^3 98 96 79 126 90 68.67
16 73 105 89 88 10! 92 91.33

17 50 100 75 6b 82 91. 77.00
18 ?b 98 71 .3* 95 £b £b.33
19 117 102 71* 60 63 8b 83.33
20 67 87 76 79 90 62 80.17

Ms an 71.0 95.75 102.55 90*65 9b.b5 109*b 93.97
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3*2 Morphological characters
3*2*1 Number of leaves retained by the palm

lbs average number of leaves retained by the 

palm vas computed from the bimonthly observations collected 

year round* She data pertaining to this are presented in 

Sables 2a, 2b end 2c*

Lev yielding polos, in general had lesser number 
of leaves an the crown at any.given time* In the twenty 

pains of this group observed under the study* it  ranged 

between SO and 33*33* In the medium yield group this range 

was between £&• and ho* 5* while it  vas 31 to ho. 8 3  In the 

high yield group of palms* She general Tirana nas seen 

given in Fig*2*

She simple linear correlation coefficient between 

yield and number of leaves was worked out*' It was found 

that number of learns had a significant positive linear 

correlation with yield (r  *  0.697**). © » partial regression 

coefficient of number of leaves and yield vas found to bs 

positive and significant (Table 19)* She path coefficient 
analysis indicated that number of leaves do not have marked 

direct effect on yield (Table 20)*

When the Intor relationships between the number 
of leaves sad other characters were studied* it
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showed that this character had significant linear 
correlation vith laaf potassium (r  a G.W39**) chlorophyll 
(r  a 0*617**) total phenols (r  0 -0#$76**) ond leaf 

nitrogen <r a 0*312*).

3 r2 *2  Leaf length

The observations on leaf length of the experi­

mental palms are shown In Tables 2a, 2b and 2c and the 

general trend is  represented graphically in FIg*2*
/

The observations indicated that there is an 

increase in the average length of leaf corresponding to 

the increase in yield* In the lov yield group the leaf 
length ranged between 3*86 to **98 metres* It vas 
between **,61 and $*98 n in medium yield group end between 

I* . 2 7  end 6 * 3 6  sa in high yield group,

There vas a significant positive correlation 

between yield and leaf length and the linear correlation 

coefficient <r) was worked out as 0*67*f**v Regression 

analysis also indicated that the partial regression 

coefficient is significant (Table 19)* The direct effect 

of leaf length as obtained from the path analysis is  

shown In Table 20* This shows that a 1 per cent change 
in leaf length w ill be followed by about 0*3 per cent 
change in yield.
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Tha intercarrelaticns between various 

morphological and chendcal characters uaa also studied 

end It  vas observed that the length of loaf Is signi­
ficantly correlated vith leaf number (r »  0*621**) 

loaf nitrogen end potassium (r «  0*297* >and 0*336**) 
and also vith the leaf chlorophyll content and soluble 

carbohydrates (r  a GA60** and 0*312*)* It vas also 

recorded that a significant negative correlation exists 

for this character with the total phenols present in the 

leaf (r  »  -0^55**).

3*2*3 Petiole length

The petiole length recorded from the palms 

selected for the study la presented In Tables £&, £b and 

2o* The general trend is shown In Pig*2.

2?roza the data collected, it  is  observed that 
there is  a considerable difference between the lav yield 

group end the medium yield group while that between the 

latter end the high yield group is not oo* The mean 

length in low yield group was 1*08 m end 1*27 »  and 

1*26 a respectively in medium and high yield groups*

The relation between yield end petiole length 

was found to be linear vith the correlation coefficient
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0*1*97*** It  vaa also significantly correlated vith 

the total length of leaves (r «  0«J>lU**)f &nd loaf 

nmabor (r «t

3*2*** Humber of leaflets

lables 2a to 2c shevs the number cf leaflets 

recorded from the e^periissntal palras. In the first  

group it  ranged frora 1̂ 8 to 260* Group II had 2C8 to 

26k leaflets vhile group III' had 213 to 276 leaflets*

She simple linear correlation between number 
of leaflets and yield vas found to be significant 
(r  a 0*507**)* It  olao had similar relation vith leaf 
number, leaf length and petiole length* Among the 

cheated constituents chlorophyll and leaf potassium 

posted significant positive correlation vfeile total phenols 
recorded a negative coefficient (Ihble 18).

3*2*5 Keen leaflet length

t o  data m  »ean le a fle t length have 

given in to la s  2af 2b and 2c* In group I s i t  averaged 

to 87*16 csa U iilo  i t  was 93*65 era in group IX end 

88*77 ca in group III*



3 2

Oia&liitlQaX analysis showed that there is no 

ooaaiatont relationship between yield and leaflet length*

3*2.6 Periodicity of leaf eaergenc©

The nucibar of days elapsed between the emergence 

o f tvo successive leaves in each palnj has been computed 

and given in Tables 2a,, 2b and 2c, The relation of this 

character vith yiold has been shown in Fig* 2. Approxi­

mately 30*b days elapsed between two successive leaf 

ezsergencej in the low yielders» I t  vas about 20,1* days 
in raedium yielders and 2 8 ,3 deycs. in high yieldera* Consi­
dering this as the lea f production capacity of the pales, 

i t  could be observed that the difference between low and 

jsedium yielders was sens id© ratlin*

fesrrs was a significant negative correlation 

between the periodicity of leaf production and yield ofi
palsis* It vas also observed that similar relationship 

exists for thin character with leaf niiisber, length,
i

petiole length, leaf potassium gik! leaf chlorophyll. With 

total phenols and leaflet number it  had a poaitive 

correlation enable 10).

3#2o7 Girth of the trunk at collar region

Tho data pertaining to this have been t:ivcn in 

Tables 2a, £b and £e* In the low yield group, it  ranged'
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T&ble 2a» Morphological characters of the experimental palm*.
Group I

81.
Bo.

Mean 
Ho, of 
leaves

Length
of
leaf
(9)

length
of
petiole

(a)

Ho. of 
leaf­
lets

Ms an 
length 
of leaf­
lets 
(cm)

Periodi­
city of 
leaf
emergence
(days)

Girth
at
collar
(ca)

1 22.33 b.38 1.10 182 73.50 bo. 00 68
2 27.83 b.62 1.13 198 eb.oo 32.73 6b
3 25.67 b.Sb 1.02 176 98.0 25.71 62
b 2b.50 b.52 1.20 21b Sb.OO '30.00 65
5 20.00 b.bS 0.85 1b8 85.00 bO. 00 53
6 29.17 b.28 1.06 210 85.20 25.71 61
7 21.67 b,?b 1.15 192 86.00 bO.OO 68
8 J*t-«5Q b.TQ 1.1b 226 86.00 bOiCO 6b
9 32.50 b»86 1.15 220u Sb.OO 30.00 72

10 31.33 b.32 l.bO 208 '98.75 32.73 75
11 33.33 U.10 1.20 212 79.00 32.73 71
12 30.67 b.52 1.27 239 78.00 30.00 68
13 28.00 **•72 1.bb 250 103.0 30.00 73
1b &.33 **•33 1.09 216 65.00 32.73 57
15 29.33 >*.31 1.00 178 73.50 30.00 5b
16 22.17 b,58 1.26 186 86.25 30.00 ?b
17 23.67 3.86 0.79 192 76.00 32.73 56
18 21.50 b.11 0.8b- 21b 98.00 32.73 53
19 S+.33 b.91 0.81 260 1lb.80 30.00 81
20 33.33 bi?6 0.8b 256 85.2 30.00 8b

Mean 27.00 b,b9 1.08 208.8 87.16 32.39 66.15
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Table 2b* MarpholQslcGl characters of the experimental palesf
Group 11

81.
Mo.

Mean 
Bo. of 
leaves

Length
of
leaf
(a )

Length
of
petiole
<a>)

Bo. of 
leaf­
lets

Msan 
length 
of leaf­
lets 
(on)

Periodi­
city of 
loaf 

emergence 
(doye)

Girth
at
collar
(on)

1 3*.5Q 5.38 1.07 & & 98.00 32.73 66
2 29.33 5.69 1.16 238 100.00 30.00 72
3 32.67 5.3* 1.20 208 85.75 25.71 69
1* 36.33 5.59 1.1*2 228 95.25 25.71 78
5 3W.50 5.72 1.11 3*8 92.75 25.71 66
6 37.67 W.89 1.08 226 98.00 15.71 71
7 39.67 5.29 1.38 230 91.00 30.00 86
8 &.00 5.63 1.37 232 3*. 00 25.71 81
9 39.50 5.22 1.28 252 100.00 25.71 9i

10 37.33 5.98 1.50 26l* 98.75 30.00 @2
11 W0.50 5.71 1.35 232 1Ck.6o 32.73 87
12 32.17 W.61 1.3* 230 88.Wo 25.71 82
13 38.00 5.65 1.13 230 88,Wq 25.71 71
1W 33.67 5.?* 1.37 256 96.00 30.00 *1
15 31.56 5.1W 1.60 232 3*.5o 30.00 86
16 3*.00 W.67 1.52 3*8 101.00 25.71 8*
17 29.50 W.82 1.03 236 105.00 30.00 75
18 33.50 5.09 1.23 3*0 88.88 32.73 78
19 35.00 K 7 8 1.06 3*8 81.00 32.73 76
20 32.50. W.79 1.3* 228 81.75 25.71 70

Mean £.29 5.27 1.27 237.5 93.65 28.U'0 77.25
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Table 2c» Morphologicel characters of tits expariaental pains,
Group XIX

SI.
No.

Mean
No. of 
leave*

length
of
leaf
(m)

length
of
petiole
(a)

No. of 
leaf* 
lets

Ifcan 
length 
of leaf- 
lets 
(cb)

Periodi­
city of 
leaf
eosrgence
(days)

Girth
at
collai
(cb)

1 **0.83 5.10 1*23 3VJ> 86.0 25.71 73
2 37.83 5.26 1.1** 276 81.3 25.71 77
3 &.50 5.35 1.26 228 102.75 30.00 7**
1* 3M7 5.59 1.52 E**6 97.75 25.73 98
5 39.00 5.87 1.**0 25** 81.75 25.73 90
6 3*. 83 5.89 1.**9 222 87.2 25.73 82
7 39.83 5 M 1.26 236 80.6? 25.73 75
8 39.17 5.33 1.27 226 85.75 25.73 70
9 38.50 6.13 1 M 230 100.00 30.00 76

10 37.67 6.38 1.37 230 88.75 25.73 82
11 36.00 5.**3 1.38 256 92.20 30.00 8*
12 3 .̂83 **.72 0.99 £**6 90.80 30.00 68
13 32*67 **.73 1.30 2**0 91.*»0 30.00 77
1** 32.03 5.0* 1.23 0*6 90.80 30.00 69
1? 35.83 **.27 1.32 230 90.60 30.00 73
16 31.83 **.87 1.23 238 79.25 30.00 67
17 31.00 >*.88 1.09 232 90.00 30.00 70
18 32.83 5.2** 1.13 2**0 10**.25 30.00 69
19 32.83 **.99 1.15 232 87.2 30.00 71
20 35.03 **.88 1.11 213 86.00 30.00 73

Maen 35.59 5.26 1.26 237.65 88.7 7 28.29 75.9
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bstvetn J>3 7? ca. In nedlua yield group it  waa
between 66 and 96 cm rJid in high yield group It  vas 

between 67 and 93 on. Statistical analysis Indicated 

that the girth of pda had a significant positive corre­
lation vith yield (r  © O.J?G8**).

3.3 Conical const! tusnts 
3*3*1 Tot̂ X nitrogen In the leaf

Foliar nitrogen content of the samples draw 

fro® the experimental pat&a during Hareh«*April and 

Qeptembeiv-Ootober in presented in Table 3* The Variation 

in foliar nitrogen content is also presented graphically 

in Fig.3 considering the m m  values f rm  moli yield group.

ihe variations observed vere within a range of 
0*97? per cent to 1.97 per cent in the first group, m 

the group I I  i t  ranged between 1*̂ 3? per cent and 2*66? 

per cent W ile In group I I I  it  was between 1.35 P*r cent 
and 2.69? per cent. 5h© general observation vas that 
the foliar nitrogen was low during Bepbo&ber-Oetober period 

coopered to that during the &aroh~April period.

When the relation between leaf nitrogen cenlwt 

and yield was studied a significant positive linear 

correlation between these two was observed (r »  0.M3**).



si,
Ho,

1
2
'3
k
5
6
7
8
9

10
11
12
13
1**
15
16
17
18
19
20

faKLo 3. Elfcrogen contact o f  l e a f  (p er c en t)

Held groups

1 2 3
Period of saajoXiEg Period of stapling Period of sampling
——  ...... -——»■ Maan — ■■.•■■■■■■■ ■■■■■■--■■■.  He an   ifoan
March September March Septcrahsr March September

2.2k 0.90 1-570
1.68 1.57 1.625
1.68 1.75 1-715
1.90 1.69 1.825
1.68 1.18 1.̂ 30
1.12 t.k? 1.295
l.kO 1.27 1.385
2.52 1.09 1.805
2.2k 1.5? 1.875
3.02 1.81 1.ki5
1.68 1.37 1.525
1.68 1.88 1.730
2.6k 0.72 1.680
2.2k 1.32 1.78
2.10 1»Vf 1.755
1.68 1.32 1.50
2.80 1.1k 1.970
1.12 0.83 0.975
2.2k 1.5? 1.875
1.68 1.270
1.967 1.65

2.80 1.22 2.010
1.k0 2.02 1.710
1.68 1.63 1.655
1.96 1.91 1.685
1.9$ 1.kt 1.685
1.*»0 1.k? 1.k35
1.62 1.69 1.655
3.76 1.57 2.665
1.68 1.88. 1.780
2.2k 1.1k 1.690
2.2k 1.57 1.905
2.80 1.81 2.305
2.2k 1.32 i.7S0
1.96 1.52 l.jko
1.38 1.32 1.350
1.96 1.32 l.fiko
2.58 1.37 1.975
1.68 2.02 1.850
1.68 1.63 1.665
1.ko 1.k? 1.k35
2.021 1.539 1.78

2.80 1.57 2.185
1.96 1.63 1.795
2»2k 1.5? 1.905
3.36 1.32 2.i»0
1.62 1.22 1.k20
2.2k 2.09 2.165
2.58 1.22 1.900
2*58 1.67 2.225
3.08 1.75 2.kl5
1.68 2.18 1.930
2.80 1.52 2.160
1.28 1.27 1.275
1.k0 1.32 1.350
1.96 1.59 .1.775
2.80 1.32 2.060
3.0S 1.k? 2.275
2.09 1.76 1.925
2.2k 1.63 1.935
1.96 1.63 1.795
3.92 1.k7 2.695
2.38 1.57 1.975
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Foliar nitrogen content also had positive correlation 

with potassium content in tho leaves (r «  286*). nitrogen 

had a significant partial linear regression vith yield 

(Table 19)* The path coefficient analysis shoved that 

c«e per cent change in foliar nitrogen level wajLX be 

followed by 0*15 par cent change in yield*

3*3*2 Phosphorus content in leaf

Bata presented in Table h relate to the phosphorus 
status analysed during Marcb-April and Baptsraber-Qotober 
In the three yield groups, Tho phosphorus content was 

generally higher during Soptember-Dctobar seasons;* 3h 
group Ij the moan values ranged from 0*133 per cent to 

0*2^5 per aor.t vhHo Sx$ group n  it  was between 0*153 *^r cent 
and 0*2^8 per cent* The third group shoved phosphorus 
content rouging from 0*^18 per, cent to 0*2?3 por cent.

T&sxa was no significant linear correlation for 

the phosphorus content with yield from the palms* Except 
for a significant linear correlation exhibited vith 

potassium (?  r 0*325*) phosphorus did not show any rela­
tionship with other chemical and morphological characters 

studied*

3*3*3 Fotassium content in leaf

The foliar potassium level was found to vary 

within 0*95 per cent to 1.55 per cant In tfee lav yield group*
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In the nedlun yield group the variation was within a 

range of 1 *275 per cent to 2#025 and In high yield group 

i t  was between 1.325 per cent and 2# 175 per cent (Table %  

Fig.V). The overall potassium status vas low during 

8apteab«r~0etober period. Biere vas a narked difference 

between the low oncl medium yield groups in terms of 
potassium but between medium and high yield groups this 

difference was not that projected.

Monitoring the relationship between potassium 

content end yieldf it  was found that high linear correlation 

exists between these two (r  «  0.61V**). The partial 
regression coefficient for potassium on yield was found 

significant (Table 19). Tho direct effect of potassium on 

yield vas found to be 0.289 (Table 20). This indicated 

that about 0.3 per cant change in yield can be observed 

with one per cent change in foliar potassium level, leaf 
potassium end chlorophyll also exhibited significant 

correlation (r *  0.35**). There was a negative correlation 

between total phenols and potassium in loaves (r  &-0.V69**)*

3.3*V Calcium content in loaf

The calcium content in leaves recorded f  roa 

the samples is given in Table 6. Kean calcium status 
ranged from 0.31 per cent to 0.525 per cont in Group I,



Zahlo hm Pho^phoccus content o f  l e a f  (per cen t)

81.
Ho.*

. • Ti'jld groups

1 2 3
Period of asapling 

March September
Mast

Period of sampling 

March September
■ Mean

Period of sampling 

llarch September
Mean

1 0.152 0.221 0.187 0.2*5 0.250 0.2*8 0.152 0.260 0.206
2 0.152 0.22.1 0. 18? 0.152 0.231 0.187 C.128 0.270 0.199
3 0.128 0.221 0.175 0.128 0.319 0.22»* 0.192 0.2*5 0.219
If 0.00* 0.221 0.153 0,0®* 0.221 0.153 0.108 0.270 0.189
5 0.152 0.295 0.22h 0.108 0.201 0.155 0.128 0.3M* 0,236 .
6 0.177 0.313 0,2*5 0.152 0.250 0.201 0.152 0.211 0.182
7 0.128 0,^+5 0.187 0.00* 0.2U5 0.165 0.09* 0.152 0.118
8 0.00* 0.221 0.^3 0.177 0.21*5 0.211 0.103 0.2*5 0.177
9 0.108 0.221 0.165 0.128 0.368 0,2*8 0.201 0.221 0,211

10 0.128 0.260 0.10* 0.085 0.2*5 0.165. 0.152 0.202 0.177
11 0.Q&* 0.201 0.133 0.177 Q.221 0.199 0.201 0. 2M* 0.273
12 0.152 0.2*5 0.199 0.108 0.295 0.202 0.103 0.221 0,165
13 0.09* 0.368 0.226 0.108 0*221 0.165 0.128 0.295 0.212
ik 0.152 0.2*5 0.181 0.128 0.295 0.212 0.128 0. 2*5 0.167
15 0.128 0.212 0.170 0.103 C.260 0.182 0.177 0.285 0.231
16 0.128 0.221 0.175 0,0®* 0.270 0.177 0.177 $.368 0.273
1? 0.201 0.221 0.211 0.0®* 0.3?*** 0.21̂ * 0.108 0.295 0.202
18 0.152 0.201 0.177 C.108 0.270 0.189 0.108 0.177 G.1U3
19 0.177 0.2*5 0.187 0.178 0.295 0.237 0.221 0.270 0.2**6
20 0.128 0.221 0.175 G.177 0.221 0.199 Q. 108 0.295 0.202
Mean 0.132 0,2*1 0.187 0.135 0.263 0.199 G.1U3 0.261 0.202



si,
Bo

1
2
3
b

5
6
7
8

9
10

11

12

13
ib

15
16

17
18
19
20

Sa&le 5* Potassium content o f l s a f  (per cen t)

Xleld groups
1 2  3

Period of sampling ~ Period of sampling Period of sampling
.■■„ ■ ,„ Mean «— ■  item — -....   -■■■ ■■■ ---

March Sep tender March Scptoisber MarSh September
1.325 1.150 1.238 1.65 1.90 1.775 1.55 1.65
1.50 1.20 1.35 1.35 1.35 1.35 ,2.05 1.50
1.20 1.20 1.20 1.65 1.55 1.60 1.725 1.55
1.**5 1.25 1.35 1.5& 1.30 1.**Q 1.80 1.75
0.90 1.00 0.95 1.60 1.*»0 U50 1.85 1.60
1.35 1.^5 1.W 1.75 1.50 I.625 1.70 1.50
1.35 1.10 1.225 1.25 1.60 1.V25 1.30 1.35
1A5 1.20 1.325 1.975 1.70 I .838 1.55 1.35
1.35 1.^5 1.M)' 1.80 2.00 1.90 1.85 1.95
1.05 0.95 1.00 1.05 1.50 1.275 1.55 1.95
1.525 1.300 1.*H 1.65 1.95 1.80 2.00 1.55
1.60 1.50 1.55 1.95 2.10 2.025 1.65 1.95
1.22? 0.70 0.963 1.75 1.90 1.825 1.85 1.^5
1.65 1.65 1.65 1.30 1.90 1.60 2.025 1.65
1.60 1.20 1.M) 1.95 1.55 1.75 2.10 2.25
1.U5 1.30 1.375 1.70 1.25 1.W75 1.80 l.*»5
1.M) 1.30 1.350 1.80 1.60 1.70 1.55 1.30
i.5o 1.**5 1.̂ 75 1.55 1-35 i.«*5 1.60 1.M)
1.05 1.15 1.50 2.175 1.30 1.738 1.60 1.60
1.35 1.301 i.3a*j i.ao 1.555 1.595 1.75 1.55
1.»K* 1.3» 1.322 1 .655 1.603 1.629 1.718 1.605
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Fig-A  RELATIONSHIP BETWEEN POTASSIUM CONTENT OF 
LEAF AND YIELD
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Average yield (Nuts/palza/year),



'*2

0*33 par cant to 0*52? per cent In group II end 0*2fi5 

per cent to 0.?2 per cent In group i n *

£h<*ro was no consistent trend in calcine content 
in relaticn to yield,

3*3*5 MagnesiUB content in loaf

fable ? presents the variation in teras of 
magnesium observed In the exporinrntaX poles under three 

groups* A slightly higher magnesium level was observed 

during Septezaber-Qctober period* Generally i t  ranged 

frora 0*035 per cent to 0*325 per cent in lev yield group, 
0*092 per cent to 0*39 per cent in medium yield group 

end C.'fc per cent to 0*26 per cent in high yield group*

The negative linear correlation observed between 

Eagnesiua status and yield vas not significant*

3* 3* 6 Nutrient ratios

From the data collected on the nutrient status 

of the psizss, various nutrient ratios were worked out 
and their relationships with the yield of palms wore 

analysed (fable 8b and Co), Ancng the nutrient 
ratios studied H/Ca& K/p, K/Ca* K/lig and £/Ca*Hg showed 

significant linear correlation with yield of paisas (Table 17)*
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Zable 8a* Nutrient ratios Is

S/e 11/K N/Ca H/Hg K/P

8.1*2
8.71
9.83 

11.97

5.29 
7.16 

12.67 
11 .**0 
12 .**5 
11.51 
8.97 
7.**3
9.83 

.10. 3*
8.60
9.3**
5.52

40.05
10.28

1.27
1.20
1.V3
1.35 
1.51
0.93 
1.09
1.36  
1.3*
2.15 
1.08
1.15 
1.75 
1.08
1.25 
V09
1.»*6 
0.66
1.25 
0.06

3.65 
**.22 
5.53 
**.56 
3.25 
3.81
3.66 
5.39 
5.68 
**.31 
3.11 
5.09 
3.73 
3«**6 
5.**o 
**.29 
**.69 
2.**** 
**.12 
9.*+1

18.**7
13.5**
10.09
13.0**
6.09
9.25
8.90

12.V5
8.72

19.32
8.87
7.*>2 
6.00
8.**8 
8.56 
8.33 
8.96 
10.83 
5.77 
9.**1

6.6** 
7.5** 
6.88 
8.85 
>*.25 
5.71 
6.57 
9.30 
8.51 
5.16 
0 •&*- 
7.81 
**•26 
9.12 
8.25 
7.88 
6.**0 
8.36 
8.C** 
7.59

, Group Z

S/Ca ■ K/J% K/Cn*Vg Ca/Hg

2.88 1**.56
3.51 11.25
3.87 7.06
3.37 9«6*f
2.16 **.0**
3.18 10.00
3.36 6.28
3.96 9.1**
**•2* 6.51
1.79 8.00
2.86 8.20
**.*♦3 6.1*6
2.1** 3. M*
3.20 5.89
**.31 6.83
3.93 ?.&*■
3.21 6.1**
3.69 16.39
3.30 **.62
.79 9.82

2.**0 5.38
2.67 3.21
2.50 1.82
2.**9 £.88
1.**1 1.87
2.92 2,**3
2.19 1.87
2.76 2.31
2.57 1.51*
1.**6 **•**8
2.13 2.85
2.63 1.1*6
1.32 1.61
2.73 2.**5
2.6** 1.59
2.59 1.3*
2.11 1.91
3.01 **.****
1.92 1.1*0
2.73 .2.59



Table 8b* Nutrient ratios 3d loaf, Group I I

a .
m . S/P S/E S/Ca s/m S/P S/Ca Ca/Mg

1 8.12 1.13 k.96 7.73 7.17 k.38 6.83 2.67 1.56
2 8.17 1.27 **•39 10.66 7.3* 3.k6 7.3* 2.1*1 2.29
3 ? M ,1.03 k.ki 5.71 7.16 k.27 5.12 2.1*2 1.29
i* 11.05 1.20 **♦32 6.21* 9.18 3.59 5.19 2.12 1.1*1*
5 10.91 1.12 **•32 8,02 9.71 3.85 7.1k 2.50 1.86
6 7.1k 0.88 2.73 6.3* 8.09 3.10 7.0? 2.15 2.28 ,
7 10.06 1.16 **.09 10.68 8.66 3.52 9.19 2.55 2.61
8 12.63 1.1*5 7.51 15.68 8.71 5.18 (0.81 3.50 2,09
9 7.18 o.3* 3.79 7.91 7.66 k.Ck 8.1*1* 2.73 2.09

10 10.2k 1.33 3.6? 6.50 7.73 2.77 k*90 1.7? 1.77
11 9.57 1.06 5.01 16.1** 9.05 k.Tk 15.25 3.61 3.22
12 10.09 1.11* 6.99 12.81 10,05. $• l'* 11.25 3.97 1.83
13 10.82 0.93 k.tk 9.13 11.09 k.2k 9.36 2.92 2.21
1** 8.23 1.09 5.89 1k.38 7,57 5.k2 13.22 3.® 2.1*1*
15 7.kk 0.71 3*1*6 13.50 9.6k i*.i*9 17.50 3.57 3.90
16 9.27 1.11 k.56 8.1*1 8.33 1*. 10 7.56 2.65 1.85
17 9.23 1.16 k.12 5.06 7.3* 3.3* b,3& 1.95 1.2k
18 9.79 1.28 5.29' 20.10 7.67 15.76 3.28 3.80
19 7.0k 0.95 k.tf* 11.82 7.35 k.sk 12.1*1 3.16 2.93
20 7.21 o.3* 2.50 6.83 7.65 2.65 7.26 1.3* 2.7k



X&ble 8c. Eutr&erJi ra t io s  in  l e a f  9 0ronp X U

mam

81*
So* H/P IJ/JS S/Ca S/Hs K/Sg K/Ca+Kg Ca/Mg

1 10,61 1.37 6.52 10.07 7.77 **.77 11.03 3.33 2.31
2 9.02 1.01 *♦•08 10.88 8.92 **.03 10.76 2.93 2.67
3 8.72 1.16 **.?o 13.61 7.**9 **•<9* 11,69 3.00 £.89
** 12.38 1.32 5.78 11.1** 9.39 **.38 8. **9 2.88 1.93
5 6.02 0.82 3.89 7.**7 7.31 **.73 9.08 3,6$ J.92
6 11.93 1.35 7.09 13.62 8.82 5.25 10.05 3»**5 1.92
7 16.10 1.^3 1**32 8.6»* 11.23 3.01 6.02 2.01 2.00
8 12.61 1.53 6.?** 11,71 8.22 **.39 7.63 .2.79 1.5**
9 11.**5 1.27 a,»*7 18,16 9.01 6.67 19.29 **.55 2.1**

10 10.90 1.10 6.13 8,73 9.89 5.56 7.92 3.27 1.**3
11 7.93 1.22 5*08 1W.69 6.51 **.18 12.08 3.10 2.89
12 7. 75 0.71 **.11 9.11 10.2* 5.81 12.86 **.00 2.21
13 6.38 0.82 3.33 8.60 7.80 **.07 10.51 2.9** 2.58
1** 9.**1 ).97 **.08 12.59 9.85 **.22 13.03 3.19 3.09
15 8.92 >•95 5.57 10.96 9.**2 5.88 11.57 3.90 1.97
16 8.35 iM 5.00 8.75 5.96 3.5? 6.25 2.2 7 1.75
17 9.55 1.31 U.ofe 10.13 7.32 3.78 7.76 2.5** 2.05
18 10.05 1.29 3.72 8.80 7.79 2.89 6. 82 2.03 2.36
19 9.31 1.12 3.63 8.76 6.52 3.23 7.81 2.29 2.**2
20 13.88 1.?** 7.19 17.97 7,69 **•13 10.33 2.95 2.50



3*3*7 Soluble eug&ya In lea f

Table 9 gives the amount of soluble sugar* 
in the sanples and Fig* 5 shown the general trend between 
yield groups over the tvo periods* 2n the low yielding 
palE3} soluble carbohydrates were fcnnd varying between 
0*581 per cent and 1*297 per cent in the saediusa yield 
group i t  was from 0*758 to 1*$*6 per cent and in the high 
yield group It  was frosa 0*y6l per cant to 1*355 psr cent* 
The difference observed between the two periods was not 
that projected in the high yield group compared to the 
other two groups*

From the statistical analysis i t  was concluded 
that there is a significant correlation between yield of 
paisas and content of soluble sugars in leaves (r »  G.362**) 
With regard to the inter correlations studied* this 
constituent was found to have significant relationship 
with total chlorophyll content in leave* also (r e Q*3W**)

Soluble sugars had a significant linear regression

on yield (Table 19}* The direst effect of this constituent*

on yield was not Barked (Table 20)*

3*3*8 starch content in leaf

Ena data pertaining to this ore given in Table 10*



SI
Kb

1
2
3

5
6
7
8
9

10
11
12
13
1̂
15
16
17
18
19
20

Held groups

Table 9 * Soluble sugars in  l e a f  (per c en t)

1 2 3
Period of* sampling Period of sampling Period of sampling
— . -......... Mean -...................  Moan — Msan
March Sepi>aber March September March September

O.S78 0.878 0.878 1.W*5 1.C&9 1.2k7 1.088 0.955 1.022
0.580 0.501 0.581 1.16k 0.703 0.93* 0.951 1.038 0.995
0.903 0.903 0.9P3 0.655 0.805 0.867 1.19k 1.398 1.296
0.986 0.905 0.985 0.726 0.667 0.697 1.281 0.811 1.0k6
0.986 0.905 0.986 0.689 0.88k 0.787 1.6k6 0.768 1.207
0.878 O.878 0.878 0.880 1.281 1.081 9.329 0.955 1.1k2
0.957 0.957 0.957 1.130 1.6M> 1.388 0.878 0.929 0.90k
0.986 0.783 0.885 1.007 1*381. 1.1Sk 1.017 1.130 1.07k.
0.783 0.783 0.783 1.233 0.666 0.950 0.829 1.008 O.919
0.623 0.957 0.795 0.811 O.Sk2 0.877 1.681 1.066 1.35k
1.098 0.722 0.910 1.G66 0.7Ck 0.885 1.357 1.353 1.355
0.955 0.878 0.917 1.129 0.630 0.880 0.8*0 0.7^7 0.75k
1.W»5 0.836 1»1*H 1.098 0.70k 0.901 0.981 0.833 0.907
1.0J8 0.666 0.682 1.312 0.320 0.916 0.930 0.632 0.781
0.929 O.806 0.868 0.7**7 0.550 0.6k9 1.235 1.729 1.k83
7.663 0.806 1.235 0.811 0.7Gk 0.758 0.806 0.768 0.787
0.726 0.858 0.789 0.726 0.630 0.678 4.017 1.130 1.05k
1.663 0.930 1.297 1.233 1.017 1.120 0.830 0.856 0,3*3
1.098 0.7^3 0.921 1.129 0.566 0.3*3 0.830 1.130 0.980
1.008 0.1*92 0.750 1.600 1.tf*9 1.k25 Q.7k3 0.833 0.813
1.013 0.621 0.917 1.050 0.859 0.955 1.073 1.003 1.038



F ig .5 relationship between soluble sugars
AND YIELD

 # September
 * March
 * Mean

i------ r
ho 80 120 

Average y ie ld  (Nuts/palm/year)



5 0

Taa aeaa ctnrch extent over the two per lode 

varied from 0*719 per cent to 1*953 par cent in group I  

0*66? to 1*HU1 per cent in group 21 and 0*719 to 1*285 

per cent in group ill*

The relationship of this constituent with yield 

vas not found significant in Idle linear fashion*

3*3*9 Xofcal phenols xn j.eai

Xha Values for total .phenols In leaves estimated 

as tannins have boon given in Sahle 11* While it  ranged 

1*78 to 3*75 P*?r cant in low yiolders, in the medium yield 

group it  y&s looser to a considerable extent putting a 

range of 0**f?8 par cent to 2*596 per cent and there vac 

no iaiKdi change for this in the high yield group where the
i

rang# was between 1*261 to 2*556 per cent. It  la also 

seen that during September̂ Outober period the anount is 

slightly sore compared to Harch-April porlod {Fig,6). The 
total phenols showed a significant negative correlation 

with yield of palms (r  »  ~0*553*®)* Sts relation with 

loaf potassium and chlorophyll was also significant 

(r  *  and <*0#U85**)* paftiol regression
coefficient for fcfto effect of total phenols on yield was 
also found to W  sign i f  io ant (Table 19), Tbs direct 
effect of this constituent on yield was found to be vexy 

low (Xable 20)*
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Stable 10* Starch content In  l e a f  (p er c e n t )

H e ld  groups

si* 1 2 3
Ho. P eriod o f s a ilin g

Kean
P eriod o f san p lln g P erio d  o f seed lin g

Mess
March Qepteaber Karcli September Hssn Kerch Septesiber

1 1.W55 0.709 1.097 1.260 0.826 1.0*+3 0.756 1.333 1.0*+5
2 0.756 0.958 0.857 1.161 0.**66 0.813 l.tf+1 1.3&9 1.205
3 1.101 0.802 0.957 0.801 1.228 1.015 1.269 0.601 0.93+
I* t'.OM 0.781 0.911 0.825 1.012 0.919 0.825 1.228 1.027
5 0.825’ 0.709 0.803 G.90f 0.826 0.905 1.296 1.261 1.279
6 0.687 0.877 0.782 0.99* 1.297 1.1*+l 1.011 1-333 1.172
7 0.957 O.90fc 0.930 1.368 1.51^ 1M 1 0.93+ 0.877 0.930
8 1***5 0.757 1.101 1.227 0.826 1.026 0.6?+2 0.958 0.780
9 1.161 0.781 0.971 0.957 1.228 1.091 0.601 1.261 1.031

10 1.131 1.228 1.180 0.621 0.877 0.5*+9 0.801 1.Cl+2 0.922
11 1.0+1 1.369 1.205 0.957 1.012 0.935 0.732 1.261. 0.997
12 0.93+ 0.958 0.971 0.903 0.985 0.0* 1.161 0.958 1.060
13 1.227 2.105 1.666 0.708 0.757 0.732 §.792 0.5»+1 0.666
1*+ 0.951 0.622 0.786 Q.fi*+2 0.802 0.722 1.011 0.^26 0.719
15 0*896 0.562 0.719 0.637 G.6*+3 0.665 1-101 0.580 0.3+0
16 1.071 0.580 0.825 0.708 1.228 0.968 0.621 0.357 0.*+89
17 0.852 0.601 0.726 0.732 0.960 0.3+6 0.780 0.3+3 0.711
18 ■1A85 0.622 1.053 0.732 0.688 0.710 1.161 1.U08 1.285
19 0.093 3.003 1.953 0.792 0.90*+ 0.3+8 0.930 1.162 l.tf+6
20 0.663 2.390 1.527 0.903 0.733 0.818 0*6fe2 0.853 0.5*+7

\ ̂ il* i™* 11 0.992 1.066 1.029 O.898 0.0+1 0.920 0.918 0.973 0.0+6

*4

Co
0̂

CT



Table 11« Tota l phenolic cocgjaundai In  l e a f  (per c en t)

Sold groups
g. Period of sampling Period of aanpXlng Period of sampling
zr* ----------------  ■» ■■■■ ■- Kean,   - ■ ■■ Ha an ■■■- ......   — ——  — lie an

* March So^toober March Sep tester £&rch September

1 2.771 2. £72 2.522 2.628 1.8*8 2.238 2.113 1.9*8 2.031
2 3.292 3.337 3.3*0 2.055 3.015 2.535 1.9*8 1.550 1-5*9
3 3.828 2.590 3.209 2.55* 2.055 2.305 1.598 2.*31 2.015
* 2.05$ 1.501 1.781 1.50* 1.9*8 1.726 1-550 1.789 1.670
5 3.381 3.292 3.9*0 1.£*8 1.773 1.861 1.789 1.508 1.6*9
6 2.55* 2.761 2.658 0.722 0.23* 0,*78 1-789 2.919 2.35*
7 3.196 *.109 3.653 1.508 .1.6*6 1.577 1.6S* 1.69* 1.69*
6 3.016 3.196 3.106 1.693 0.913 1.030 1.508 1.789 1.6*9
9 3.387 3.3S7 3.387 1.598 3.015 *307 1*173 2.3*7 1.760

10 2.628 3.337 3.Q0B 1*598 1.550 I.55** 2.171 2.835 2.503
11 2.*21 2.0*9 2.235 1.550 1.693 l. 622 1.217 3*896 2.556
12 3.600 3.3S7 3.*2* 1.9*8 1.26* I. 606 3.197 1.789 2.*93
13 1.*60 2.760 2.110 2.293 1.8)2 2.068 2.628 1.217 1.922
1b 2.293 2.760 2.527 1.8*2 .1.508 1.675 1.*60 1.*** 1.*52
1? 2.628 *.8?1 3.750 2.*21 2.293 2.357 1.099 2.197 1.6*8
16 2.357 3.790 3.07* 2.*21 2.771 2.596 2«*21 1«*60 1.9*1
17 2.771 3.896 3.33* 1.6g* 2.229 1.961 2.357 2.055 . 2.206
18 2.*90 1.709 2.100 2.230 2.293 2.262 0.92* 1.598 1.261
19 1.9*8 2.771 2.̂ 60 2.229 2.230 2.230 I .508 2.*31 1.970
iso 2.113 2.357 2.235 2.230 2.590 2.*10 2.055 1.9*8 2.002
Mean 2.692 3.008 2.85 1.915 1.937 1.923 1.81 2.0*2 1.926
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3.3*10 Free anino acids (FM)

fa© FAA present in the crude leaf extracts were 

separated chro&atogr&pbicalXy and were identified by 

hlnhydrln colour reaction* Quantification with the
t

chromatogram vas not attempted but it  was concluded that 
the FAA are present only In traces* £here vas no marked 

difference between yield groups In the type of amino acids 
located but for the difference with regard to alenlne 

and tyrosine as indicated in the 'fable 12.

3*3*11 Chlorophyll content in leaf

In fable 13a, 13b and 13c chlorophyll content of 
the fresh oasples extracted in acetone la presented. It  

ranged froa *1*658 asg/g to 2.6W5 mg/g in group I. la group 

2 1  it  woe from 2.1 ag/g to 3»**3& mg/g and in group III  

it  ranged from 2*28k csg/g to 3*831 m/&« Generally a 

higher chlorophyll cob tent was recorded during Karch-Aprll 
period, fho variation between yield groups observed 

during itoch*April period was sora conspicuous then that 
observed during Saptasber-October (Fig,?)*

£he relation between yield eisd chlorophyll occtent 
vn$ Gftrked with a fairly high degree of linear correlation 

(v  = 0.6376**)* It  also had a significant positive corre- 
latter with leaf pot&soiun <r »  0.3k*0,). Significant partial
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Table 12* Free cuninoaaiGs in  leat

sa.
Ho* Adnoacid Group

X
Group
n

Group
in

1 DL-Alanine + - m
2 DL-2-aain3-n-toutyr£a add - * » -
3 L-Arglnina nano chloride m mm •

Dl-Aspartic add 4 4 4
5 L-Cystdno hydrochloride • «*

6 L~Cyatln« 4 *-t- 4
7 DIi-3*̂ - dlbyclrcxy xiieuyl - alonlno 4 4 4
8 L-gluton&c add 4 4 4
9 Glycine + 4 4

10 L -H lstld ln a  o aao o h lo rid i - -
11 L -Iiyd ro ryp rcslin e 4 4 4
12 L-Louclne «• - •
13 B L -ie o -le u d Jie 4 4 4
1U D L-nor-leuoina «* -

15 L -Itf alo e nsonahydrochloride 4* 4 4
16 D L-K et!ilonlne «p • -
17 L~0rnith«n® coaobydrochlorlde m - m
18 D L-B-Fhanyl a len in o e » m -

19 L-Proline - «•

20 D L-sarin e 4 4 4

21 DL*Xbraanlno • - «•

22 BL-Iryptophan - • -

23 I*~ Tyrosine - 4 4

filf DL-Valin# m «e

4 »  Present
u Absent



13&* CftloropljylX eoctect &g/g, Group Z

March sampling Sepfcsnber sailin g
SI.
Ho. (2£Lorophyll

a
ChLaropbyll

b
Tot el Chlorophyll 

. a
CKLorophyll

b
total

1 o.85o 0.950 1.80 .85 0.97 1.82 1.81
2 1.33 1.58 2.91 .01 0.91 1.92 2.k2
.3 1.29 1.53 2.82 ,29 .1.18 2.k7 2.6?
k 1.37 1.51 2.88 i.71 .0.82 1.53 2.21
5 0,71 0.69 i.ko 1.73 0.80 1.53 1.85
6 1,11 1.2k 2.35 .23 1.07 2.30 1.97
7 0,78 0.78 1.56 ,13 1.2k 2.37 1.97
.8 0,96 1.1k 2,10 *16 1.01 2.17 2.1k
9 1.33 1.6k 2.97 .08 1.12 2.20 2.59

10 1.1k .1.28 2.k2 -31 1.0k 2.35 2.38
11 1.29 1.52 2.80 •23 .1.07 2.30 '■•55
12 1,2k 1.2k 2.58 1,07 0.93 1.99 .31
13 0.66 0.75 1.kt 1.05 0.86 1.91 .65
1k 1,31 1.k2 1.73 1.50 1.27 2.83 1.27
15 0,82 0.88 1.70 0.80 0.90 1.70 .70
16 1.23 1.38 2.61 1.3) 1.13 2.k3 .52
17 1.06 1.20 2.26 1.k2 1.20 1.62 .Sk
18 1.72 1.99 3.71 *.23 1.07 2.30 1.00
19 0.83 1.03 1.86 1.37 1.#» 2. 61 2.2k
20 0.77 0.90 1.6? 1.22 1.11 2.3» 2.00
Mian 1.09 1.238 2.297 1.12k 1.0k7 2.13* 2.206



ZtKls 13t> «. Chlorophyll content ssg/g, Group 11

SI.
Bo.

torch SBBpliBg Septsohor sajaplins
Mess

Chlorophyll
a

Chlorophyll 
•ft ■

Total Chirophyil
a

Chlorophyll
b

Total

1 0.8S 0.92 i.7fe- 1.16 1.30 2.66 2.10
2 1.23 l.l>5 2.68 Uk8 1.57 3.C6 2.862
3 1-37 1.50 2.89 1.3k 1.11 2.66 2.673
** 1.35 1.**5 2.80 1.19 1.0k 2.23 2.517
5 1.W» 1.78 3.20 1.23 1.15 2 ,ty> 2.80
6 1.71 2.12 3.83 1.73 1.32' 3.05 3.638
7 1.29 1.53 2.82 1.78 1.66- 3.21 3.028
8 1A7 1.%) 3.37 0.99 0.&- 1.81 2.603
9 1.32 1.67 2.99 1.65 1.17 2.82' 2.905

10 1.2k 1.67 2.91 1.65 1.65 3.10 3.005
11 1.^3 1.8h- 3.27 1.51 1.26 2-75 3.010
12 1.kl 1.6k- 3.05 1.k2 1.17 2.60 2.85k
13 1.26 1.^9 2.75 1.67 1.30 2.9S 2.863

1.23 1.k5 2.66' 1.18,. 1.50 2.68 2.68
15’ 0.8k 0.63 1.52 1.38 1.19 2.57 2.065
16 1.21 1.37 2.88 1.90 1.18 3.09 2.83*
17 1.72 2.01 3.73 1.50 1.36 5.86 3.2 87
18 1.*»9 1.76 3.25 1.59 USB 3.17 3.212
19 1.29 1.53 2.82 1.*»2 1.20 5.62 2.721.
20 1.55 2.05 3.60 1.37 1.22 5.59 3.096
Mast 1.33k 1.591 2.925 1.U58 1.26? 2.725 2.825



Table 13c. chlorophyll ccat-ent ng/g, Group IH

Karoh aaap lln g  September sam pling
31*
Ho* Chlorophyll

,a
C h lo ro p h yll

b
Total C h lo ro p h yll

a
C h lo ro p h yll

b
Total

1 1.51 1.60 3.11 1.59 1.1*7 3.06 3.086
2 i.*fr 1.76 3.20 1.26 1.15 2.V0 2.80
*3 1.25 1.1*8 2.7^ 1.51 1.0* 2155 2.7**5
h 1.1*5 1.70 3.15 1.30 1.08 2.39 2.769
5 1.M 1.59 3.00 1.30 1.13 2.’-*3 - 2.715
6 1.77 2.11 3.88 1.66 1.3* 3.C1 3.W*
7 1.85 2.53 ^.38 1.59 1.1*7 3.06. 3.821
8 1.85 2.53 *..38 1.69 1.58 3.28 3.831
9 1.»*5 1.71 3.16 1.12 0.95 2.07 2.617

10 1.63 2.27 3.90 1.1*5 1.31 2.76 3.331
11 1.1*8 1.83 3.31 1.17 0.93 2.10 2.70*
IS 1.19 1.52 2.71 1.37 1.56 2.87 2.79
13 1.55 S.60 j.w» l j f t 2.62 2 .W J 0.037

1.37 1.59 2.96 1.37 1.22 2.09 2.776
15 1.23 1.V. 2.67 1.V5 1.26 2.71 2*69
16 1.23 1.38 2.61 1.1*1 1.27 2.68 2.6b8
17 1.23 1.39 2«6l 1.37 1.16 2.50 2*59*
18 1.03 1.13 2.16 1.22 ■1.11 2.3* 2.0*8
19 1.50 2.00 3.50 1.69 1.28 2.97 3.235
20 1.20 1.V} 2.61 1.07 0.97 2.03 2.321
Kean 1.̂ 32 1.751 3.183 1.1*02 1.218 2.62 2.902
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linear regression was recorded for this constituent on 

yield <Table 19)* the path coefficient analysis indicated 

that about 0*25 per cent change in yield is  possible with 

m e por cent change in chlorophyll content In the leaf*

3* 3*12 Catalase activity

Leaf catalase activity in terms of micro sides of 
BgOg consumed per hoar in fresh samples collected from the 

palms under investigation is presented in Table 1***

It was found that the variation in the activity did 

not exhibit any consistent trond» and the statistical 
analysis showed no significant effect for this towards yield 

of pdas* But it  was observed that catdaae activity has 
significant correlation with leaf potassium (r  »  0*359**)* 
phenols (r  n-0*336**) and starch (r  a Q*Mj6**)*

3*3*13 Porozidaso activity

Leaf peroxidase activity in terms of change in 

optical density (OD) at BO second intervals are given in 

fables 1?af 15b and 15c*

!3&© average change In Op in the low yield group 

was between 0*0601 to 0*2508 while it  was 0*0713 to 0*2029 

in the medium yield group and between 0*0763 to 0*2131
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Table 1V„ C&talaae activity in leaves ( n ool ELQ2
conamed per h)

31.
Ho. Group X Group XX Group XXX

1 372.58 3*5.97 505.65
2 399.19 1*79.03 •*96.77

3 3*5.9? 1*87.90 1*96.77
l* 328.23 390.32 1*25.81

5 186.29 1*16, 0* 239.52
6 1*52.1*2 1*87.90 1*87.90

7 310.̂ 9 1*96.77 1*67.90
8 i*3*.68 l*3*.68 21*3.39

9 159.68 1*61.29 1*87.90
10 115.32 266.13 328.23

11 i*70.i£ 1*52.1*2 168.55
12 1*52.1*2 1*87.90 1*25.81

13 106.1*5 1*70.16 W*3.55
11* 30*.®* 3*5.97 363.71

1? 156.68 319.35 1*87.90
16 156.68 1*1*3.55 11*1.0*

17 3^5.97 275.00 159.68
18 1*3*. 68 1*96.77 1*87.90

19 $1*1.13 283.87 195.16
20 1*70.16 159.68 399.19



Table 15*u Peroxidase activity to leaf, Group 1

0 D at 20 seconds Interval Average
51. *
Ha. *o 60 80 10 b 120 1*0 160

Chengs In 
00/20
seconds.

1 0.2757 0*202 0.5686 0.6990 0.8239 0.9586 1.0969 0.1359
2 0.3979 0.6198 0.8539 1.0*58 1.2219 1.3979 1.5229 0.1875
3 0.2676 p*089 0.5528 0.6990 0.8239 0*586 1.<*58 0.1297
h 0.292?* 0 *^ 9 0.6990 0.8861- 1.0969 1.3010 1.3979 0.10*3
5 0.2292 0.3566 0*815 O.6198 Q.5**7 0,8539 1.0000 0.1285
6 0.3372 0.5229 0.7213 0.9208 1.0969 1.3010 1.3979 0.1768
7 0.3010 0*685 0.6383 0.7959 0.9586 1.0969 1.3010 0.1667
8 0.2757 0*089 0.5376 0.6576 0.7696 0.8860 1.0000 0.1207
9 0.2*1 0.3566 0*559 0.5528 O.6383 0.7213 0.7958 0.0920

10 0.5086 0.7**7 0.9586 1.15**9 1.3979 1.5229 - 0.1690
11 0.3279 0*819 0.6198 0.7**7. 0.8606 1.0000 1.15**9 0.1378
12 0.2*1 0.3665 0*815 0.6021 0.6990 0.7959 0.9208 0.1128
13 0.2*1 .0.3665 0*815 0.6021 0.6990 0.7959 0.9206 - 0.1128
1*- 0.1079 0.1675 0.2366 0.29* 0.3566 0*089 0*685 0.0601
15 0.2757 0*202 0.5086 O.6383 0.7213 0.8239 0.9208 0.1075
16 0.2757 0*202 0.5086 O.6383 0.7213 0.8239 0.9208 0.1075
17 0.1079 0.1675 0.2366 0.29!* 0.3566 0*089 0*685 0.0601
18 0.1938 0.3279 0.5086 0.6990 0.9208 1.2219 1.6990 0.2509
19 0*815 0.6778 0.8539 1.*5S 1.3979 1.6990 I 0.2029
20 0.3566 0.5376 0.6778 0.7958. 0.9208 1.0^58 1.12*9 0.1331



'J&&C PercsiOasa activity in leaf f Group XI

$L«

0 0 at 20 SBConds interval Average

**0 60 80 100 120 1**0 160 £X>/£0eacends

1 0.13*9 0.2007 0.275? 0*3*63 0*202 0*815 0.5528 0.0713
2 0.3372 0 * * 9 0.6576 0.7959 0.9208 1.0*58 1.12*9 0.1363
3 0.2$»0 0*202 0.5528 0.6778 0.7959 0.8851 1.0000 0.1193
** 0.28*0 0*202 0.5528 0.6778 0.7959 0.9208 1.0000 0.1193
5 0.28*0 0.3979 0.5229 0.6193 0.7213 0.8239 0.93)8 0.1061
6 0*815 0.7696 1.0000 1.2219 1.5223 1.6990 0.2029
7 0.3*1 0.3^68 0.5*37 0.5376 0.6198 0.6990 0.7696 0.0876
@ 0.3279 0*815 0.6021 0.5M*7 0.8539 1.0000 1.0969 0.12S2
9 0.5520 0.8239 1.0969 1.3979 1.5229 ' - 0.1617

10 0.2757 0.3979 0*95*9 0.6821 0.55*7 0.7695 0.8539 0.09*
11 0.3010 0*318 0.5528 0.6778 0.7696 0.8S61 1,0000 0.1165
22 0.3072 0.5528 0.7213 0.8539 1.0000 1.12*9 1.3979 0.1688
13 0.2292 0.3098 6.3980 0*815 O.5528 0.6198 0*6990 0.0783
* 0.6021 0.8861 1.155*9 1.3979 1.6990 - -  0.1828
15 0.3979 0.6021 6.7959 1.0000 1.2219 1.3979 0,1667
16 0.28*1 0*202 0.5376 0.51*7 0.7959 0.9208 1.0000 0.1193
17 0.3979 G.58JO 0.7696 0.9586 1.155*9 I .30IO 1.3979 0.1667
18 0.3010 0.5*37 0.5850 0.5**7 0.8539 1.0000 1.15** 0.1**23
19 0.3979 0.6021 0.7959 1.0000 1.2219 1.3979 0.1667
£0 0.3010 O.W*37 0.5850 0.55*7 0.8539 1.0000 1.151*9 0.*23



SI.
So.

t
2
3
b
5
6
7
8
9
10
11
'12
13
1*»
15
16
17
18
19
20

Table 15ei. Peroxidase activity in leaf. Group ZU

0D at 20 seconds interval Average
ho 60 80 100 120 ■(1*0 160

cnange 3£
0D/20
seconds

0.3566 0.5080 0.6778 0.3239 0.9586 1.0969 1.2219 Q.lM*2
0.3768 . 0.5376 0.6576 a. 8239 0.9566 1.0’*56 1.2219 0. 1V09
0.I»S15 0.6778 0.8861 1.C&5B 1.301G 1.5229 ** 0.1736
0.3572 0.6021 0.7959 0.9586 1.15**9 1.3979 1.5229 0.1893
0.3010 0.1*318 0.5376 0.6579 0.5M*7 0.8539 0.9586 0.1096
0.5229 0.7213 0.9203 1.0969 1.3010 1.5229 1.6990 0.1960
0.5086 Q.7213 0.8861 1.C&58 1.2219 1.3979 1.69970 0.198*
0.5850 O.S539 1.0969 1.3979 1.6990 - - 0.1857
0.1*202 0.6198 0.8239 1.0000 1.15*»9 1.3979 1.6990 0.2131
0.1*089 0.5850 O.’fltb? 0.8861 ®.o>*58 1.15V9 1.3977 0.161*8
0.3098 0.1*559 0.6021 0.7M*? 0.9539 0.9586 1.0969 0.1312
0.2219 0.3279 0.!*318 0.5376 . 0.6383 o.7**i*7 0.8239 0.1003
0.2219 0.3372 O.M>37 0.5528 0.6576 0.761*7 0.8539 0.1053
0.28*0 QA202 0.5376 0.7M*7 0.7959 . 0.9209 1.000 0.1193
0.2076 0.3098 0.3979 O.Ugt*9 0.5686 0.6383 0.7213 0.0856
0.3979 0.5850 0.7696 0.9586 1.15**9 1.3010 1.3979 0.1667
■0.1805 0.2596 0.3372 0.1*202 0.1* 9̂ *9 0.5686 0.6383 0.0763
0.3010 0.W318 0.56 % 0.6990 0.8239 0.9208 1.01*58 0.12M
0.3979 0.6021 0.7959 1.0000 1.2219 1.3979 • 0.1667
0.2076 0.3098 0.3979 0.**gl*9 0.5686 0.6383 0.7213 0.0856

o>
N
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In the high yield group, Peroxidase activity aUo did 

not show any consistent relation v±th yield or other 

characters under the study,

3»U>, Soil analysis

2Ii© coil of the plantation site la veil drained 

laterite with pH ranging from **,8 to 5,6,

Table 16 gives the data on soil nitrogen, phosphorus 
and potaaaiua status* The soil nitrogen content varied 

from 0,028 per cent to 0,252 per cent when the basins of 
low yielding palms was considered. In the medium yield 

group It  was between 0,08k to 0,616 per cent and in the 

high yield group it  was between 0,112 and 0«M»8 per cent.

The available phosphorus (Bray Ho*1) ranged between 1*>-33 ppm 

In both low and medium yield groups and 18-M̂  ppm in the 

high yield group, ' The available potassium content ranged 

from 0,016 to 0,032 per C9nt, 0,01 to 0,036 per cent 
and G.<1 to 0,0^ per cent in low, medium and high yield 

groups respectively. The nutrient status of soil and 

plant were colored and it  was found that soil and plant 
nitrogen had a significant positive correlation (r *  0,273*),
Soil and plant potassium also had significant correlation

/
(r  o 0,39**), There was no linear relationship between 

soil and plant phosphorus.



SI,
So,

1
2
3
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5
6
7
3
9

10
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Table 16. Content of nitrogen, phosphorus and potassium in soil

yield groups ________________

1 2 3
2otol

3
Available 
P <Epra)

Available. 
K (?)

Total.
H<?)

Avail able
P (ppn)

Available 
K (?)

Total
H<?)

Available AVp.il- 
P(ppraJ able 

K«3
0.1ft 18 0.017 0.308 28 G.P23 0.36ft 22 0.027
0.22 1s* 0.022 0.196 26 0.011 o.ftfts 18 0.027
0.1ft 18 0.017 0.22ft 18 . 0.019 0.336 31 0.026
O.G56 22 0.021 0.360 2ft 0.032 0.112 31 0.036
0.028 20 0.017 O.lftO 31 0.036 0.168 18 0.030
0.028 16 0.021 0.056 21 0.029 0.36ft 32 0.028
0.168 18 0.022 0.360 27 0.028 o.ifto 31 0.030
O.IftQ 18 0.021 0.36ft 28 0.028 0.168 32 0.028
O.lftO 20 0.021 0.616 26 0.026 0.36 ftft 0.027
0.168 3ft 0.016 O.ftftS 26 0.027 0.36 26 0.028
0.168 16 0.017 0.36ft 28 0.026 o. 36ft 28 0.027
0.168 1ft 0.016 0.112 1ft 0.027 0.36ft 31 0.025
0.252 25 0.032 o.o£ft 20 0.027 0.221 18 0.018
0.112 33 0.025 0.168 22 0.036 0.36ft ftft o.ofto
0.2 52 26 0.919 0.168 33 0.029 0.392 30 0.023
0.112 22 0.032 0.168 23 0.022 0.312 30 0.023
0.056 33 0.009 0.196 26 0.022 0.112 22 0.019
0.056 30 0.010 O.ffO 27 0.017 0.22ft 30 0.026
0.252 33 0.032 0.168 fto 0.02? 0.1ft 26 0.01
0.252 30 0.032 0.1ft 26 0.010 0.196 28 0.028

o.lft5 22.55 0.022 0.239 2ft.75 0.022 0.279 29.3 0.027
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Sable 17* Coefficients of correlation (sltsple lanfia?) betveen
yield (y) morphological and biochemical character! ot ice.

Character Character

Husber of leaves 0*693**
Length of loaves 0«675?**
length of petiole 0,̂ 97'**
Ifuzaber of leaflets 0*̂ 31**
length of leaflets 0*09^
Periodicity of a kan#*

leaf e »2rg(snoo "

Girth of the trunk at 0.508** 
cdlar

UteS iiltrogea  0A17**

Phosphorus 0.192?®
Potasalua 0.61^**

Calcium -0.017s8
Hagnoaium -O.QW®
Chlorophyll G.631**

Sotal phenols '-*Oa553 °̂

Sdublo sugars C.36M**
Starch 0,120?®
Gatelasa aotivity 0.176s®

Paroxidnas activity O.OWP® 

Hutrtent ratioa

H/P 0.188?®

M/K -0.113?®
H/Ca 0.239*
H/kg 0.203s8

K/P 9 0.360**
K/Ca C.5^5**
K/Mg 0.268*.

K/Cu+Kg 0.510**
fa/ilg -0.132?*8

* Gignif &egnt at 3% level
** Significant at 1$ level 
25B=Hot significant



Table 18. Cosffidents of intereorrelatics between selcctecl characters

Character
Us l  eaf

Total 
15&X phenols 

Is leaf
Soluble 
sugars 
is leaf

Total 
nitre- 
gen is  
leaf

Ho* of 
leaves

Length Length
of of 
leaf petiole

So*of PeriocSi- 
lea f- city of 
lets lew  pro­

duction

Girth
at

collar

Pot&ealuia 0.360*"* -0.b69** 0.189® 0*28^ Gj!»89»* 0*336** 0.2M»,! 0.38k** -0.398** 0.373*®
Sotrl
chlorophyll 
Is leaf

«Q«it85** 0.3*7** 0.15**3® 0.616** O.H6g** 0.290* 0.379** -0.522** 0.382**

Total 
phenols 
Is leaf

-0.2£»fr® -0.539*#- o.kk6** -Q.^53**

Soluble 
sugars is  
leaf

0.172s3 0.237 0.312* 0..23*1® 0.091® -0.156® 0.166*3

Total nitrogen 
in leaf 0.312* 0.29k* 0.3Ck* 0.06?B3 -0.206® 0.277*

JStaber of leaves 0.619** O.Mi-1** -0.631** 0.663**
length o f leaf o.5ik«* O.Vtfi** -O.k-30** 0.600*#
length of petiole 0.303* -0.338**
Kutsber of leafletc -0.271* 0.565**
Periodicity of loaf produetics - -0.39?**

* Significant at 5$ level ** Significant at i£ level H3 ss Hot significant
05
05



Table 19* Partial regression coefficients fo r yield on selected
characters.

^.b no. Character Regression
coefficient

......%  .....

Standard 
error 
m  B1

t

1 Potasataa content lb leaf 33.293 1.237 26.909**
2 Total chlorophyll content in loaf 1 .̂399 0.699 20.596**
3 Total phenols content in loaf *  1i^68 0J*$&
h Soluble sugari content in leaf 6.U32 1.tf*3 6.168**

5 Nitrogen content in leaf 11.798 0.7# ■fr.857**
6 leaf master 0.6̂ 1- 0.236 2.691**
? L^af length 19.220 1'0.6ao Sfc.258**

E2 » 0.736

** significant at coe per cent level



Table go* Direct and indirect effects of selected characters m yield

Characters Potassium Glilorophyil to ta l
phenols

Soluble
sugars ' Sltrogcn le a f

number
leaf
length

T o tal
Or)

Potassiua 0,28.2 0.0918 C.0166 0.0117 0.*21 0.0608 0.102 0 .6 *

Chlorophyll 0 .1* 0 .5 * O.G1?2 0.0215 0.0228 G.C7* 0 . * 0.637

Totcl phenols -0*155 -0.123 =£Ufl352 -0.01* -0.0331 -0.0715 -0.133 -0.553

Soluble
sugars 0.0*7 0.08* 0.0088 feflftiH. 0.05* 0 .0 * 0.0*9 o .3 *

Nitrogen 0.0822 0.0393 0.0019 0.0106 o..*a 0.0387 0.0&95 0*16

Deaf nurfcer o .* i 0.156 0.02* 0. 01V7 0.*62 0 .1 * • 0.188 0.692

Leaf length 0.0971 0.117 0.0161 0.0193 0.*3S 0.0768 P..3S& 0 .6*

Direct effects are denoted by underlined figures

cr>
oo
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Identification of yield components has definite 

advantage in perennial crop breeding and production 

Morphological characters are accounted generally to Judge 
the overall productivity of the plant* .Although this 

can furnish a general assessment* a sound knowledge of 
causal mechanisms at cellular or molecular level la 

necessarily warranted for any kind of manipulations. Moni­
toring ttye biochemical end physiological mechanisms attain 

importance at this point.

Identification' of biochesicel parameters responsible 

for better plant performance In terms of yield* breeding 

value* disease resistance etc. is being attempted in various 

crops. In the following pages the results recorded from 

the data collected during this study are briefly discussed.

h.1 Yield from the experimental palms

Coconut palms especially the tall typlca types 
take W-6 years to reach the stage of first bearing* During 

the initial years* there is  much variation in yield with 

the increase in age* It  usually takes another 6-8 years 
to come to the stage of fu ll bearing* The variations in
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yield, once the palms attain stabilised yield, mostly 

confine to a limited range unless they have the alternate 

or irregular hearing habit* The realisation of good 

yield from a plantation is thus dependent on systematic 

selection procedures carried out to ensure the yield 

.potential and also the maintenance practices* A aisable 

port of the yield from the plantation w ill he contributed 

by the high yieldera. Hurray (1950) found that 9 cent 
of the trees in & plantation which cams under the high 

yielding category contributed as much as 21 per cent of 
the crop*

Observing the yield variations of the three groups 
of palms under study, it  was found that the high end 

medium yield groups showed a wider range of variation 

compared to the low yieLdora* According to Abeywardana 

(1971) weather parameters have more pronounced effects in 

coconut yield than on my other crop* She high and medium 

yielders chow a bettor capacity to utilise the cogeniai 
conditions for higher production, while under the 

unfavourable conditions they con sustain optimal levels 

of growth and production* The potential ability of the 

poor yielders being low, increased production need not be 

obtained even tinder congenial* conditions.
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k92 Morphological characters
W.2.1 humber of loaves retained by the pajira

Humber of leaves have been marked as an 1rcdex 
to the production potential of the pala. The total 
dryaatter production by the palm can mostly be manifested 

from the production of leaves and nuts* as the annual 
increment in the length and girth of the trunk la only 

marginal* Wuabor of leaves and drymattor production arc 

two mutually reciprocating characters one enhancing the 

other.

From tho observations recorded under thin study 

it  was found that tha high yield group of pains had ^0*83 

leaves on an average compared to 33*32 in low ylelders.
A fairly high degree of correlation (r a 0*692**0 was 
recorded between the number of leaves and yield. Path 

coefficient analysis with selected characters (Table 20) 
indicated that loaf number contributes to the yield more 
indirectly than its direct effects on yield. Loaf length 

was one of the most important parameters contributing 

to the yield in this respect. The potassium status ntfd 
chlorophyll content were also found to give substantial 
contribution. Tale may substantiate the effect of leaf 

number on yield in such a way that tho net increment in
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dry matter accumulation realised through the enhanced 

photosyntfretlc area and synthesising capacity reflects 

In nut yield else* The partial linear regression 

coefficient of leaf nuc&ar m  yield was found to he signi­
ficant. The correlatiuiitf Ewntioned between leaf number 
and leaf potassium el&oropliylX, total phenols and nitrogen 

were also found to .be significant* This Indicates that 
these constituents can Influence the net production of 

leaves by the pain*

Thus as a recapitulation it  can be stated that 
number of leaveo retained by the palm is an indication 

to its yield potential which inturn results from the 

indirect influence of this character through the chemical 
constituents such as potassium, chlorophyll etc* and the 

number of leaves. Itself is also influenced by the amount 
of chemical constituents present* Siailar observations 

vere also recorded by Patel (1938)> SatyabaLan (1972), 

Mathew and Bamadasan (1975) and Gopi (19&1)«

tr*2«2 Leaf length, petiole length, number of leaflets
and length of leaflets

From the observations recorded uu*~.ui& s.u, vuu&ae 
of experiments it  was concluded that the high yielding 

palms differ significantly with respect to the leaf 
characters such as leaf length, petiole length, nunber of



7 3

leaflets and length of leaflets from the low yielding 

palrac. These parameters can generally enhance the net 
photosynthesis by increasing the leaf area and by better 
leaf orientation* !2he positive correlation for these 

characters recorded "under this study can ho vlowed as 
their combined effect on the dry matter production of the 
pain. I&a ,high yielding palms have the inherent capacity 

to utilise the photosynthatos accumulated for the produ­
ction of nuts by way of improving the sink, capacity*

Loaf length vas found to be one of the most 
important parameters contributing towards the yield directly* 

Th© path coefficient analysis indicated that a ons per cent 
change in leaf length een cause 0*3 per cent change in 

yield, of nuts* The linear regression for this character 
on yield was also recorded as significant* Thus leaf 
length can also give as indication of the yield potential 
of the palm* Uhllk© the number of leaves , leaf length 

had a direct effect on yield* Its indirect effect was 
most pronounced through the chlorophyll content.

The positive correlation observed between leaf 
length and other characters like leaf number, potassium 

content| chlorophyll, nitrogen and soluble sugars, and
the negative correlation with total phenoie indicate that
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a ll thead components of yield are intex-rel&ted and
the sanifcstation of the production potential of the 

pain can be done only by giving allowance to those 

components* The findings, are in confomifcy with the 

earlier observation a recorded by Abeywardene ( 1976)*

U*3 Periodicity of loaf production

The loaf production rate Is another indication 

to the health and vigor of the palm, She observationst

recorded during the course of this study indicated that 
the high yielding palms produce leaves more frequently 

than the low yielders* It took approximately 23 days for 

a hign/sediun yielder between two successive leaf emergen 

while it  was about 30 days for the poor yieldera. This 
interval is influenced by the season of the year* During 

the sufficer season the recurrent leaf emergence takes even 

shorter intervals while during the rainy season It  tpkea 

more* Considering the net nursbar of leaves produced per 

year, the difference between low and high yieldere will 
not be more then one or two leaves per year. But the 

nirsbor of leaves retained by a high yielder is rsuah ©ore 

than that in a low yielder indicating that Hie high 

y I  elders not only produce leaves ©ore frequently but are 

also capable of retaining them for longer period then
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the low yieldors. This can also be influenced by the 

cultural practices followed,

The leaf production rate and the duration of 
retention is veil marked on the men leaf stand on thei

crown, This can give a good indication of the vigour 
of the palm and thereby its production potential*

W.W Girth at collar

The observations indicated that the yield of 
palms are correlated significantly with the collar girth
of the pains. The vegetative growth in terms of develop*/

nent of the columnar trunk takes about **-5 yoars to 

initiate. The girth of the developing trunk depends on 

the fertility and varietal nature* It undergoes minimum 

change once the marioum has been attained, unless there 

±c serious malnutrition or disease infection. Tim girth 

of mature pala at the collar region la a resultant of 
the vegetative growth attained by the palm during the 

previous season* This odd thus give a good indication 

of the possible yields as veil* Its positive relationship 

with yield is further stressed by the significant 
positive correlation observed with a ll the yield components 
studied* Similar finding was reported earlier by 

Harayena and John (19^2).
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hm$ Chemical conatituents
W* J*1 Total nitrogen content In the loaf

The total nitrogen in the leaf lamina ahovod
i

significant differences among the three yiold groups* 
fee Increase in foliar nitrogen level observed in medium 

and high yieldars could be attributed to the difference 

in the ability of pt&ss to absorb the nutrient element 
from soil which results from genetically conWpjJLed 

factors operating through their effects on root production 

and physiology* fee root producing capacity of poor 
yielders has bean found to be lay compared to high yielding 

P«1e2s> resulting In the reduced uptake of nutrients* 
Variations towards both sides ware observed in the foliar 

nitrogen level, from the critic cl level of nitrogen 

proposed by ZHXer Prevot (19&2) in the 1 t̂h leaf*

fee fd la r  nitrogen level exhibited a significant 
linear regression m  yield of'nuts from the palms* fee 

path analysis has indicated that the direct effect of 
nitrogen on yield is most pronounced* A one per cent 
change in foliar nitrogen can cause 0*15 per cent change

, i
In yield of nuts from the palms* * fee significant corre-i
laticn observed between yield and foliar nitrogen level 
of the pBlaa was mostly due to this effect* Smith (1969) 
had observed that fd la r  nitrogen has a close association



with the female flovor production in the patos# The 
rote of production of flowor bunehea also was reported 

to have close relation with foliar nitrogen level* Thus 
lov level of nitrogen In the leaf laodna oen be 

reflected4 in the realised yield from the palms* It me 

also observed that during taonsocn season the nitrogen 

level falls* tteducsd uptake of nitrogen yith the onset 
of men soon had earlier been noted by Wahid *£ &• (1981)*

*S5*2 Phosphorus content in the leaf

Phosphorus level In the lamina of the leaf did 

not exhibit any linear relationship with the yield of 
the palms* the observed levels of phosphorus vore auch 

higher then the critical levels proposed earlier by 

Ziller and Prevot (1962) for optical level of production* 
In such a nitu&tion fcOLinr phosphorus level could not 
have United the production oven in th© low yielding 

palxae* There had been earlier reports that the content 
of phosphorus in leaf does not influence the yield 

(Indirakutty and Pandalai* 1968; Gopi, 1981)* It is  

also generally accepted that phosphorus application can 

be skipped depending on the son phosphorus reserves 

in the case of coconut palms. But a contradictory 

finding was also reported by Thomas (1973) vho found that 
significant difference in foliar phosphorus levels exists 

between yield groups*
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t**5»3 Potassium content In tee loaf

The results obtained from the experiment indicate 

teat there la a definite relationship between leaf 
potassium status and yield* Aacng the prinary nutrients 

it  was tills element which shoved maximum correlation 

with yield* From Fig*W it  is evident that the difference 

In potasalun states between the low and medium yield 

groups is quite conspicuous* This may indicate that in 

the low yield groups potassium remains as the major 
limiting factor. 3hs arndiun and hi^h yield groups did 

not Shaw much difference indicating that tee potential
t *

production of the mediua yia&dera are not limited by this 

nutrient.

Potassium had a significant linear regression 

on yield* The pate coefficient analysis indicated that 
tho direct effect of potassium is important* About 0*3 

per cent shift In yield lu found possible with mei
per cent change In tee potassium states*

Tim positive relationship exhibited between leaf 
potassium leva! and other yield ccspcnente like leaf 
number, length, leaflet number, leaf chlorophyll, nitrogen 

etc*, could explain its ultimate, effect on tee yield of 
nuts frca tee pales.
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F$$son<2 (1966) considered coconut as a
luxuriant feeder of potassium, vhlch has proa&nent role 

In flower production and nut development, Salgatlo (1952 

stressed the catabolic isqportanca of potassium for 

chlorophyll production Moat of the absorbed potassium 

goes to the production of nuts (F ilia l and l)avla, 1963)* 
Hecently, Baffin and Quencejs (9980) suggested that the 

extraordinary response for K£1 by the pnlmn is not due 
to the effect potassium alone, but due to the effect of 
chlorine also. But the present study indicates that asonf 
the nutrients studied' potassium has maximum direct 
effect cxi yield. Thus potassium does chow definite 

influence on yield of nuts from the palms.

Calcium content in the leaf

Calcium statue of the leaves in xsoat of the cases 
were well below the critical level of this element 
proposed by IBHO* There were also instances where calcium 

content was more than the critical level recorded.
Coconut Is reckoned as a lime loving tree and higher 
levels of calcium is  not uncemnon, But from the obser­
vations, it  nay be concluded that there is no significant 
linear, relationship for the foliar level of this element 
with yield.
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patacaiui* and calcium levels have tfaom  a
 gatlvo correlation ba tween than* Although this vas
not significant it  may indicate that there can ha a 

certain degree of antagonist between the two. It vas 
also observed that JS/Ga ratio has a significant corre­
lation with yield* 2his indicates that it  is  the balance 

be tween - potassium mid calcium that is important than the 

amount of calcium alone* Filial £& <1973) had
roportad that coconut roots have low CEG and thus have 

more affinity towards monovalent cations which roeults 

in tlis antagonism between monovalent end divalent cations*

k.*?*5 Magnesium content in the leaf

She foliar magnesium level exhibited & negative 

linear correlation with the yield of nuts from the palas, 
but this relationship vas not significant. In this case 

also the £/Kg ratio had shown significant positive 

relationship with yield of the palaa* it  vas also observed 

that the ratio between monovalent potassium and divalent 
calcium + magnesium possesses fairly high correlation 

with yield* From these observations it  Ccn b© deduced
that for batter yields a balanced state of nutrient 

* * ■ 
elements should be attained in the paints* Similar obser­
vations were recorded by Thomas (1973)*
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b-,5,6 Soluble sugars In the leaf

Toe observations recorded on soluble sugar 
content of the leaf Xnraiua indicated that the high 

yield group palms have fairly high percentage of this 

constituent compared to the lev yield group* This 

being the tesediate product of photosynthesis the higher 
percentage observed In the high m& medium yielding
palms confirms the point that' they are having a better

\
synthesising capacity* This results from the larger 
photosynthetic surface and higher chlorophyll content 
possessed by them* The difference in soluble sugar content 
observed during Sapteabsr-Ootoher period shows that the 

synthetic processes take place at a lower Intensity 

during this period* The fa ll in photosynthetic rate 

fudged through the fa ll in accumulation of soluble sugars 
was very low for the high yielding palms, which may be 
due to their cosparifcively bettor efficiency in utilising 

the resources for synthetic processes.
r

The direct effect shown by this constituent on 

yield vas not that Masked. This being the primary 

product of the synthetic process, it  must undergo various 

metabolic changes and has to play many metabolic roles, 
before the overall effect la manifested in the nut yield,



i t  is  possible, that soluble sugars in leaf shows no 

direct effect on yield.

The Soluble sugars in the leaf had shown sign!-* 
fiocnt positive correlation with its chlorophyll content 
Since the accumulation of phofcosynthat© has a direct 
bearing on the efficiency with which the piga«its 

function, such a positive relationship can exist. The 
observations are in conformity with the earlier reports 

by Bamadasan end Mathew (1979)*

^•5*7 Starch content in the leaf

The variation in starch content between the 

different yield groups was not statistically significant 
From the observations it  can be deduced that the high 

yielding palms had a slightly low level of starch in 

the leaf lamina compared to the low yioldera* This may 
indicate better ability of these palms to translocate 

the photosynthates to the sinks, She low yielders have 

low sink capacity resulting in the accumulation of 
photosynthates.

b-*5*8 Total phenols in the leaf

There woe a distinct indication that the amount 
of phenolic constituents reduced as the nut yield from 

the pain increased. The amount of these constituent!
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had nog&ttve correlation vifch most of the yield 

components d »o . Tho phenolic constituents also had 

shown a significant linear regression on yield. The 
path analysis revealed that the direct effect of 
pjxonciic constituents on yield Is less pronounced. The 
Indirect effects through the leaf length, leaf potassium 

and leaf chlorophyll content were mainly responsible 

for the high negative co^o^aticn between this constituent 
end yield.

The funoi&on of phenolic constituents in the plant 
la more regulatory than production. The negative corre­
lation between yield and this component shows that the 

partition of metabolites for production and regulation 

function is carried cut more efficiently In high yielding 

palms. In the low yielding palms a major portion of the 

synthctes goes for the regulatory and defence function* 
as the metabolic, activities as a whole proceed at a low rate.

***5«9 Free amino acids (FAA) in the leaf

The free amino acid fractions present In the 

coconut leaf were Identified as shown In Table 12.

It  Was observed that free amino acids are present 
only In traces. The date collected from the present 
Investigation could not furnish enough details so es to
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characterise the three yield groups according to the 

amount of free amino acids present in them# the free 

amino acid alanine was Identified only from the low 

yielding palms, while tyrosine was Identified only from 

medium and high yield groups*

It  has been reported that deficiency or poor 
balance between nitrogen, phosphorus and potassium can 

result in increased levels of FAA due to the unsatisfactory 

incorporation of amino acids with proteins# Conclusive 

deductions are possible only after quantification of the 

different amlnoacids in order to support such a view*

‘+•5*10 Chlorophyll content in the leaf

the results obtained from this study shoved that 
there is a marked difference between the yield groups 

with respect to the total chlorophyll content* Chlorophyll 
pigments being the site of the synthetic processes Its 

amount could influence the net photosynthesis* A sun 

loving plant like coconut can perform with fu ll efficiency 

when the actual site of synthesis Is not limiting* She 
comparatively high chlorophyll content recorded during 

the summer season shows that the palms could cope with
V

the demand for increased production during this period*
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Shis also shews that the polsna could adjust the 

Bstabolic activities for utilising the increased avail* 

ability of sunlight.

She linear regression of chlorophyll on yield 

was significant. She direct effect of chlorophyll on 

yield was found to ha 0*25^ per cent# It also had 

indirect effects on yield through the leaf potassium and 

leaf length* The high degree of correlation observed 

for chlorophyll with yield* to the most part* was shared 

by these threo factors#

**#£• 11 CatalasQ activity

She catalaae cngyias activity in the leaf Iwsina 

presented erratic Variation acong the different yield 

groups* The data collected on tola aspect could not 
indicate any definite trend* nor does it  exhibit any 
definite relationship with yield of nuts from the palms. 
Thus characterising the low* medium end high yield groups 
based on the activity of catalasa enryns present in the 

lamina o f leaf at position 1̂ * was not possible* However* 
catalase activity Showed positive relationship with 

leaf potassium levels* loaf starch content and a negative 

correlation with phenols# This any Indicate that Increased 

catalase activity con indirectly influence the yield of 
the palms*
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Yhore had been earlier reports of the asoociation 

between cataLaae activity end vigour of the plant (£; sell 

and Christ, 1927)* Vora and ?yaa <195*0 also suggested 

that active growth and catalase activity are associated* 
But the results from the present study do not fa n  In line 

with these suggestions*

**♦?* 12 Peroxidase activity

Sie peroxidase activity in leaf lamina also did 

not indicate any consistent trend with the change In yield 

characteristics of the polac# She inter-relationships 

between the peroxidase ensyce activity and other consti­
tuents under study also was not indicating any Conclusive 

deductions possible* Although peroxidases are known to 

influence multitude of metabolic functions like regulation 

of indigenous auxin levels, ethylene biosynthesis, 
disease resistance eto*±t may be concluded that the 

activity of this ensyrae cannot be considered as a Barker 
character to Suugo tbs yield potential of the palas*

Yield prediction models

Fran the different yield components studied it  

was concluded that loaf number, leaf length, petiole 

length, leaflet number, periodicity of leaf emergence
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and girth had significant influence on yield, smong 
the morphological features* Leaf nitrogen content, 
leaf potassium, chlorophyll, total phenols and soluble 

sugars also had shown significant correlation vith yield* 
Baaed on the multiple regression analysis it  was 
concluded that expo cted yield of nuts froza the palas 

could he predicted using the above 11 char actor a to the 

tune of 7** per cent efficiency (R2 m 0,7**7**) vith the 

aofiel given below*

Y * . 25^*& ♦ 33*2 K ♦ 1W*1 c -0,978 P
4^*872 a ♦ 10,953 H + 0.97 L.8 

4* 1 .̂6^3 L»L + 25,20  ̂ L.P 4- 0,0^63 LW 

4- 0*32 f  r 0.555 0*

(K * potassium, G a chlorophyll,, P a phenols, a m sugars*
H sa nitrogen, l«H »  nuaber of leaves, Lh o length of 
leaves, L*P e length of petiole, LLH »  number of leaf lets, 
f  o periodicity of leaf emergence end 6 e girth)

Another linear regression equation was worked 

out retaining only seven apparently prominent characters 

!•©• 1 leaf potassium, chlorophyll, total phenols, soluble 

sugars, nitrogen, number of leaves end leaf length and 

i t  vas found that yield prediction can be done with almost 
sane level of accuracy (R2 »  0.736**)*
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The difference in zno vaxue of coefficient of 
multiple determination coses to 0.011. Thus it  is 

evident that the contribution of four characters vis*, 
petiole length, number of leaflets, periodicity of leaf 
emergence and girth is suite negligible Thus
yield prediction can be done using, the simpler linear 
function aa given below*

X «  t  M .575 + 38.298 K + 1̂ *399 C -  Uk6& P 

4* 6A32 S *  17.798 H + 0.63* m  + 15*219 t*L*

The above mathematical model can be efficiently 

used for forecasting the expected average yield of coconut 
palms with known values of the morphological and ehemicsl 
parameters*
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The study was under taken to characterise 

coconut polms In relation to yield, bused on various 

morphological and biochemical characterlstico* £*Ixty 

poles, cv West Coast Tall were selected and were 

grouped as low, sodium and high yield groups each group 

comprising of twenty pains. Morphological observations 

and chonical analyses wore conducted aurong wu s^uuy.

1. The low, medium and high yield groups of 

coconut palms differed significantly interms of their 

morphological characteristics such a a number of leaves 

length of leaves, length of petioles, number of leaflets 

per loaf, periodicity of leaf emergence and collar girth. 

The number of loaves which was judged as nn indication 

of the yielding capacity, influenced yield indirectly 

through the chemical covenants especially chlorophyll 

and potassium. High yielding palms produced leaves more 

frequently and-also retained them for longer period. Tin 

length of leaf had a direct e ffect on yield. The overall 

e ffect shown by those characters was presumed to have 

resulted from the not increase In dryxoatter production 
due to Increased phofcosynthatic area.
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2* The nitrogen level in the lM>h leaf lamina 

exhibited significant difference between the three yield 

groups* Hltrogen had a direct effect the yield of 
nuts from the palcu

3* The phosphorus o on tent In leaf neither showed 

any remarkable variation between the yield groups, nor 
did It exhibit any linear relationship with yield*

1/3&f potassium exhibited high degree of 
correlation witK yield* The difference between low and 

high yielders vac conspicuous* The direct effect of this 

nutrient on yield was marked*

2* variation in calcium content of leaf was not 
significant between the low, sasdius and high yield groups*

6* Magnesium content In leaf did not show any 

definite pattern of variation between the yield groups*

7* The nutrient ratios espeeldly B/Ga, K/P,
K/Ca, X/Mg and X/Ga + Mg had significant influence on 

yield of nuts from palras* It was concluded that a balance
i

betoen various nutrients is highly essential for bettor 
production*

8* Soluble sugars in t o  leaf imd a significant 
positive correlation vith yield* The extent of reduction
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in the content of tills constituent van loss in the 
high yielding palms during fteptozabor *-Qc£ober period 

compared to low yielding pg&sfl*

9* 3tolch content of leaves did non snow any 

significant relationship with yield*

10* Total phenolic compounds present in the leaf 
had a negative correlation with yield of nuts from the 

palms* Similar relationship was shown with other yield 

cospomnts also* Its ultimate effect on yield was dus to 

the Indirect effects through the leef chlorophyll and 

leaf potassium*

11* The free amino acids present In the leaf 
lasdLme were identified* AXan±»o whs detected from low 

yielders while tyrosine was detected from medium and 

high yieldere.* There was no other qualitative difference 

hotween the yisld groups*

12* Loaf chlorophyll was found to hava positive 

correlation with yi&ld* It was also related to the 

potassium statue of the lo&f. Chlorophyll content of 
loaf increased during summer season*

13* The catalaso enzyme activity measured In the 

extracts of leaf lamina failed to give indication of any
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relation $iip tilth yield* It vas however significantly 

correlated to leaf potassium and starch content*

1lr. Peroxidase enzym activity in leaf also did 

not exhibit any consistent relationship with yield*

15* Linear regression model which could predict 
the yield of nuts from the palms with fa per cent accuracy 

was proposed using seven selected characters*

16* She results indicated that characterisation 

of yield groups bused on biaohecaic&l components is 

possible* SJhoso characters which *sm indicate the yield 

potential md precocity at the seedling levels itself 
ia to bs identified by adopting long term experiments*
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■ABSTRACT

An investigation on the morphological and 
chemical components of yield In coconut palms was 
conducted at the College of Horticulture, VolXanlitkara 
during 1981-83, in order to characterise the yield of 
palms based m those characters. Bixty palms of 'da© 
cultlvar West Coot Tall (vi.G.T,) were sslectcd from the 
asiistins plantation at Agricultural Eeaoarch Station, 
Mannuthy Qosprledng twenty palma each under low, medium 
and high yield groups {<**0, UD-80 and >80 nuts/palm/year 
respectively)*

Observations on morphological characters such
t

as number of loaves, length of leaf, length of petiole, 
number of leaflets, length of leaflets, periodicity of 
leaf emergence and girth at collar were recorded at 
bimonthly intervalu*' Analysis of leaf oc&ples from the 
loaf position 'ih were taken up to estimate the contents 
of nitrogen, phosphorus, potassium, calcium, magnesium, 
soluble sugars, starch, total phenols, free amino acido, 
total chlorophyll, cmtalase activity end peras&dase 
activity during March*April and Bcptenber-Qctober season*,

There was a significant positive correlation 
for sniaber of leaves, length- of leaves, number of leaflets,



length of leaflets and girth at collar with the m m  

annual yield* The periodicity of le e f emergence had 

a negative correlation with yield,

Among the mineral nutrients, nitrogen md  

potassium had significant positive correlation with yield, 

Phosphorus, c a lc ic  and magnesium failed to show m y  

linear relationship* The nutrient ratios v is ., IT/Ce,

K/P, K/Ca, K/bQ and K/Ca + Mg also osliibitcd significant 

positive correlation vith yield,

Ihe biochemical components such as soluble 

sugars and total chlorophyll oaatent ±n tte locf lamina 

had significant positive correlation vith yield, Totsl 

phenolic coEpounds present in th© lea f latnina had a 

significant negative correlation vith yield. Starch 

content in the lea f did not show ouch relations, The 

free amino acids present in traces in the leaf were 

identified, leaf catalase and porosidaee activity exhi­

bited ho definite pattern of variation in relation to 

yield.


