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INTRODUCTION



ISTRODUOCTION

Gashev (Anassrdinm asaidanials L.)» & native of
tropioal delt of tastern Brazil, wes introdused to India
in the sixteenth century. It is presumed that oashevw
wvaz originmally introduced to this ocountry, mainly for
cheoking soil erosfion, But gradually by virtue of its
hardiness and wide adaptability, it established itself
as an important commerocial orop on the westi~soast of
peninsuler India, The proosssing of the nmut is an
important industry, ziving employment to over 13 lakh
persona,

Cashewnut is the msat popular of ths edibls nuts
and its demand in the vorld market is on ths inoreese,
It is highly matritious and ocontains fat (47.0%),
protein (21,07), earvehydretes (22.07), minersls and
vitaning., Cashewnut shell liguid whieh is a bye-product
of the proeessing inlustiry is an important rav material
in paint, chemiocal and water-proofing industry., Cashew
apple, vhich is presiically wasted at present in India
(exoept in Gos) contains about 12 per eent sugar, high
amount of Vitaain O (261.5 mg/100 g) and ninerals,
Studies have shown that iV oan de utilised for the



produotion of soft drinks like ocashew apple juloe,
oyrup and othar predusts like jams, chuiney etc,
Aleaholio drinks oan also be made out of oashevw sppls
Juioe,

India is the diggess exporter of cashev kernels
in the world sarket sad had the privilege of ococupying
a ponopolistio position in the supply of onshev karnel
products till recently. The export of sushewmt and
oashevw shell liquid fstehes over 100 erercs of rupees
in our export trade,

Caghavw is growm over 4,0 lakh heotares in India

- during 1975+76 with an annual productioa above 1.7 lakh
tonnes of raw nuts (Anon, 1979). Zerala with less than
30 per oent of the area (1,05,940 heotares), socoounts
for over 70 per aent (1,18,870 metris tonnes) of the
total preduotion (Anon, 1979), However the processing
industry in the country is depeadent on impeorted
rav-nuts for nearly two-thirds of ths toinl requirements,
In recent yoars, it has becoms mors and more diffioult
10 import rav-nuts fros other ocountries deosuse of large
mshanioal proosssing plants set up in thoae countries,
Therefore, there is urgsat need to inoresse our rawv-mat



produstion to bridge the gap bdetween the installed
proosasing eapasity and the iaternal produstion of
ray-nits,

In spite of it's importanse in the agrioultural,
industrial and commeroial eoorwmy of our oountiry -
more partioularly of lsrala - little asttentien ic paid
by the growers in the oulture and mmmagement of this
orop. Absence of plant protectiion, iaadsquate matrition
and above all the poor ganeiic make-up of the planting
saterial have ocontribduted %o the low yislds,

Research on oashev, though started asarly three
decadss baok in India, is yet to find solutions for
several predustion problems, There is great variadiliiy
in the existing population in respeet of the different
vegstative, floral and fruiting charasters, viz,, the
wree omnopy, flowering pericd, propertion of mals and
bisexunl flowers, percentage of fruit-sst, shape and
speoifio gpravity of mats etwe.(Anon, 1979). Ihough
some isolated studies on the relatiomaship of some of
tha sbove sharseters and yield have beun made in the
past, an iniegrated study to find out the major
charagters ocontributing to the yield in eashew have not



deen made so far, Pressnt studies wvers undertaken
with the object of identifying the important wvagstative
as well as flowering sad frulting charasters and their
relative importence in eontriduting to the ultinate
yield in cashew, These studles vwill help in fixing

the ssleotion oriteria based on ths zbove charaoters
and theredy increase the produotivity and produoction of
oaghev in Kerala 3tate.
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REVIBN OP LITSRATURE

Swanthough comprebensive research on the
different compomwnts contridbuting % yisld in caahew
have not bean undertaken in India eo far, studies on
isolated problems vhioch have a bhearing on produstivity
have been oarried ocut in cashev research stations and
other institutiona, A Wwrief reviev of the work dons
80 far on these aspests is fuynished bolow,

1, GRO4TH FEATURES OF THS TRAE AND THEld H=LATIONGHIP
#1TH YIslD

Galang and Laso (1936) studied the growth
proocesses of oashav tress of varying ageas fros 10
N years., They observed that the Wearing twigs amd
floral flushes, either terminal or lateral in the
different cardinal directions were lon;er, more stooky
and had & greater total sean leaf ares than the
corresponding non-bearing parts,

Dasarathi (1958) reportsd two types of branching
in osshew, intensive and extensive, The intensiwe
shoots grev to & length of about 25 te 30 om and
terninated in & paniole, Simultansounly, three to
elght laterals arose vithin 10 - 15 om of the apex of



the twig. Soms of thess lateral shoots also terminated
in panicles in the same flowering season, repeating tiw
same grovth patteran, giving a well-covered bushy
appesarande (o the tree. In the extensive type, the
shoot grew to a lengih of 20 = 30 om and than remained
dormant, A bad sprouting 5 ~ 8 on belov the apex led
to Dwrther growth. High yislding trees had more than
60 per ocent yumln branches whereas lovw yisldars had
less than 1oepor gent, Seventy five per ocent of the
shoots of the intensive types produced flowrs as against
12 per oent in extensive types,

Damodaran g% al.,(196%) reported that
infloresoences in oashev wers prodused tersimally on
shoots arising from terminal or lateral frait buds of
aixed types on past season grovih, PFruit buds were
borne on shoots either tersimally or laterally both
vegatative and floral parts emsrging froz the same bud,
resulting in mized panicles, The initial growth that
emsrged from the growing bud gave riss to normal
vegatative leaves, whioh decoms smaller snd smaller
as the extension grovth developed into floral pamicle,

Argles (1969) reported two or thres periods of



growth in & bearing osshev tree, although under
favourabls conditions stray shoot growth oecured

almost every month, The pattern of grovth of &
bearing iree oconsisted of & genearative flower flush
and & vegetative fluah, Ihe vegetative f{luah consisted
of lateral shoots which developed soon after the main
orop had matursd, ?lomms was terminal and was
universally presccedsd by the vegstative flush.

¥Morton (1970) reportsd that cashew trees
exiibiting spravly grovth produced only a tangled
negs of bage and desd shoots and maximum flowering
was soen in trees vith erect groving habit,

Chakravarthy A% al.,(1972) reported that in
cashev, vegetative shoots wihioh appezred in April -~ May
developed panicles in about 92 per cent oases during
the mext flowering season, while those produced in
Decenber - January produced flowers in adbout 10 per
cent shoots only in the szams year,

Murthy ak al.,(1979) investigated the flowering
mnmmmumtmmamwmmm
units of 30 om square area per tres at different heights



and sides of the tres, Fiftesn healthy bearing trees
of almost samo age group (10 x 15 = 150 units) were
studied., Observations per unit erean on number of male
flowers (1766,04), mamber of bdisexual flowers (61,99),
number of fruits set (1.,40), perventage of bisexnal
flowers (4,12), peroentage of fruit~set to bisexual
{flowars (4,57) and aumber of panioles (flowering shoots)
(4.55) wirs made, They had reported that there vas
signifioant sorrelation between munder of panioles snd
bisexual flowers and bDstween nunber of bisexual flowers
and number of frults set,

Several studiss have bdeen undertaken on the
relationship betweon vegetative charsoters and yleld
in related orope liks mango,

Khan (1960) found that frult bearing in mangs
wss clomsely relatsd to the tree-growih,

Oppenheimer (1960) observed a sigaificsnt
rclat‘.’Mp between the tree sisze snd yisld in iaden
and Pairi varietiez of msngo,.

Zrishnasurthi gt al., (1961) reporting on the
grovih studisa in mangy have found that there wags no



relationsihip between extension grewth, mumber of nodes,
interncdal length and flowring in msngo, They have
slso found that leaf ares per shoot, loaf size and leaf
arsa per unit length were higher in the flowering shoots
as oompared to the vegstative shocts,

Teotia gt Al.,(1970) have reportad that there
is a signifiocant relationship betwesn the tree spread
and yleld in mango VeriDasheri,

2, PLOWSEING AND PRUITING OHARACTZRS AS ssbalud T0 YISLD

The main flovering and fruiting charasters whieh
have & bearing on yleld are the flowering seagon,
pattern of flowver opening, ssx-ratio, faotors affeoting
pollination, fruit-set, Lfrult-drop end mat sharastors.

21 seascn af Llowering

Popenoe (1924) reported August - Septeacber aa
tna pesk flowering period in Brazil, In ‘ozamdique it
was in Cotober snd in the Phllippines it was in Maroh
(Galang and Laso, 1936), i mo {1956) observed that at
Ansckayam and Mangalore on the west-ooast, peak flowering
was in early April, Alysdurel and Xoysma (1957) reported
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that in the west-geast of India, flowsring in osshev
coomenced genarally in Wovember which extended upto
Maroh in individual tress., At Bapatla on ths sasti-goast,
peak flowering time was from mid January t aid Pebruary
(Pasarathi, 1958), Demodaran gt al.,(1965) oteerved
that under the climatie conditions of iptiarakkara
(Zsrala), flover bud esergence in oashew commenced by

the middle of Septesber and @nma t1ll the ond of
Fobrusry the main sesson being Octobder -~ Hovember,

Agnoloni and Giulisni (1977) reported that in
sl 3alvedor in Central Amerios the flowering period
wvas fron Decenber t0 March with a pesk in Jamuary -
Februsry snd in Malagessy,, the peak period was in
Haroh ~ April. In Vest iAfries also the flowering period
was fros Deoccmber to Maroh with & pesk perjod in '
January - Pebruary. In Zsaya, there were tw flowering
perioda, one frot September to November aad the seoond
from Dedemder io Jamuary,

Dagarathi (1958) reported a striking influsnoe
of temperature on growth, flowering snd fruiting in
oaghow, Nambiar (1977) obeerved that the wvaristioa in
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the flowering sesacn in scashsv in differsnt countriss
was related to altitude,

2,2  Eatsern of Lawer apsaing

Many workers observed that in ocashew the flowers
prodused early in a panjcle were mostly male (Morada,
1941; Alysdural and Koymmm, 19573 Rao and Hassan,
1957¢ Damodarsa g% A, 1965.),

Pavithran and Ravindranathsn (1974) observed
throe distinst phases in the flower opening in osshev
panicles,

1. The first sale phase vith 19 to 100 per eent
mals flowers; ii. the mixed phase with nil to 60
per cant male flowers and nil @ 20 per cent hermaphrodite
flowers and 1ii, the second sals phage with nil to
6.7 per cent male flowers, The treea showed oconsiderable
variation in the duration of different phases, 7he
meun duration of flowering was recorded as 85,2 daye
in wvhioh the duration of first male phase was 2.4 days,
mixed pnsse 09.4 days and essoond male phase 13 days,

23 sax=ratia
Sex-ratio has been reported as an important fsotor
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ocontrolling yield in osshewv, Morada (1941) has reported
that 90 = 99 per cent of the flowers in a paniocle vers
staminate, while #so and Hasssn (1957) observed the
peroentags of staminate flowers to be 96, Bigger (1960)
noted that the ratio of staminate to perfect fiowrs

wag 6 3 1 and only 10.2 per osat of the perfeot flowers
produced sature fruita, Damodaran g% Al.,(1965) reported
that the proportion of perfeot flowers varied from as
low ag 0.45 per cent to 24,9 per sent in different treess,
ney had also observed a weak positive correlation
bstwesn the number of harmaphrodits flowers mad yield

of oashav trees, Rap (1974 ) found & positive
correlation between yield and paroentags of hermaphrodite
flowers in oashew and attributed the high percentage

of male flowers ss ons of the reasons for poor yield

in aany tress.

Naik and Mohan Rao (1943) reported s high
poaitive relationship between the percentage of perfect
flowers and the mumder of fruits ocarried to maturity
in mange, Singh (1954) reported a pesitiwe correlation
betwesn the paroentage of hersephredite flowers and
the fruit-set in mmngo. Similar relationship wes
reported by 3ingn (1962) and Singn (1964),



13

Studies on pollination have indicated that high
proportion of perfest flowers 40 not get pollinated
under natural eonditions smd that it was one of the major
ressona for poor fruit-set in cashev, ilamodaran gk al.,
(1966) observed that enly 13 = 17 per ocent of the
parfeot flowers set fruits out of whioh only 6.4 per cent
were oarried to maturity. 2Sventhough precise information
nbout‘ the omuse for the drop of the vast majority of
perfect flovers wag not known it was presumed that, &
ajority of drop prior to mustard stage uay b dus to
laok of pollination. Ihis is based on ihe high
proportion of fruit-set obtained by hand pollination,

Horthwood (1966) obesrved that thers ves no
fruit-sey vhen infloresoences were ba;ged, Hao (1974 )
suggested that pollination in nature was inadequats
sinocs he obtained 55 pur cent frult~set by hand
pollination whereas “umarsn gt 8l.» (1976 a) obtained
01e3 par oent fruit-set by srtificial oross-pellination.
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2.4.2 Rariod of rssaptiviiy

Rao and flagsan (1957) reported that the flovers
of sashev opensd detwesn 9 A.M. ond 2 7., and that
the staminate flowsrs opened earlier than ths bisexual
flowers. According teo Alyadurel and Joyamm {19%7), the
male flovers opened between 9 and 11 A.'. while bisexual
flowers opened batween 2 and 4 P.M. Rmo and Hassan
(1957) obmerved that the stigss remained receptive oanly
on the day of snthesis., Damodarn g al., (1966) reported
that stigna was receptive aven the day befors opsning
and continued to be a0 for about forty eight hours
after antheals at least {n some flowers, Aceording to
Yorthwod (1966) moat of the fLlowers opensd bdetween
11 A.M. and 12,30 P.M. The stiges wag receptive as
soon as ths flowers opensd,

2+4.3 Asalaiad pallinstion

Artifioial pollination with the objeot of
inoareasing the sst of frults was oarriasd out in several
othesr econonio crops and methods have been desorided

by ssveral wrk:ra,

Wixon (1951) and Alexandsr (1952) have desoribed
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the methods of assiasted pollination sadopted in dates
(Phosaix dagtylifars). The method deseribed by the
former consisted of either keeping male strands in
betwsen female flower olusters, Or & NOre eoonomis
sethod ia dusting dry pollen on ocotton and placing

the cotton s0 dusted in between the atrands of female
flovers, [he latter desoribed the pollination as
being dons with a blow pollinator by whioh dry pollen
is blowm from ground lsvel on %0 the female {lovers.
Purvis (1953) reported that artifioial pollination of
the oil palm was osrried ocut on lsrge scale in ¥igeria,
Malaya, Indonesia, Delgian Conge and Prench Afirios
and obtained high yields., He desoribed suoch a
pollination whioh was done in sa unprotsoted bunch

as B means of aiding matural mnmtm as "assisted
poliination™, Liyanage (1954) has explained the method
of sontrolled pollination in ccoomut palms as oarried
out in Ceylon by means of a blower in which the pollem
gruins vere oollected and blown on to the femmle
flowsrs, Oohss at al.,(1961) in revieving the methods
of pollination as adopted in oil palms reported that
pollination was done by dusting the pollen by means of
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an atomiser or brush or the stigmtio surface, Shana Bhag
(1965) reported s method of supplementing natural
pollination in arecamut by spreying pollon grains held

in suapension in an aqueous solution of suerose,

Rebarts (1956) reported that sugar sprays during
flowering enoouraged pollination by attracting honay bees
in plusas,

Reo and Haasan (1957) reported inoreased fruit-set
in osghev by epraying the trees in bleoom with water at
intervals of aix days, Saith (1958) suggeated thes in
ocashev, boes may be uassd 1w promote grester pollination,
Tue ooourence of strong soented flowers and sticky pollen
graina of oashev emphaaised the importance of inseots
over wind as pollinating agents, In a stuldy oconduoted
to find out ths role of honey bees in the pollination
of oashev it was found that the open panislss carried
4,67 per oent of the perfeot flowers o maturity
vhereas it was only 0,3 per cent im paniocles covered
vith bes-proof meta (Anon, 1978).

245 Zouli-gek

bamodaran g% Al (1966) reported that fruit-
setiing in oaushew becams evident after about seven days
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of pollination as imdicated by the swollen ovary deing
viaibls above the dorolls ocup, Largs number of flowvers
dropped before the ‘pea’ stage, This was atiributed
to lask of polliination or matursl drop. Shedding wes
also found to ooowr during the wvarious stages of
development, Worthwod (1966) reported that the
produotion of hermophrodite flowvers and the efficienoy
of pollination were generally sufficient to secure
optimus ylelds, He alao observed that vhen the
infloresocsncss were bagged they falled to produce nute
in the absence of hand pollination,

2.6  Irait-drop

Damodaran ot Al.,(1966) reported that only Pur
to aix per ocent of the hermaphrodite flowers were
oarried to maturity, the remaining flowrs being shed
before or after fertilisation, Those fruits which
vere shed 314 oo at various stages of development,
They found that the number of fruit-saet per paniocle
was slightly higher in the oage o0f 8 tree with higher
sex-ratio as compared to the tree vwith low sex-ratio,
However the differense was not fully reflected in the
ultimate number of fruits per panicls oarrisd to maturity.
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Ihe intensity of 4rop wes heavicst before the fruits
attained a length of 5 mm, Northwod (1966) attributed
frait-drop in cashev during the early stagas of
development to physiologionl ressons, Dasarsthi (1971)
reportad 55 per cent fruit~drop &t the ‘mustard’ stage
and 22 per ocent at the ‘peanut’ stags, Pillal and
Pillat (1975) reported maxismum shedding (wors than 40
per osnt) at ‘mustard’ stage, 20 per gcent at ‘peamat’
stage and 20 per cent at later atages, They further
observed that inssot attack algo played an isportant
rele in immature fruit-drop, spart fron physiologisal
ocauses,

Nalk and Rao (1943) reported that the first
two weeka after fruit-set Lo de the most important
period from the point of view of fruit shedding in
menge, Singh (1960) studied the exteat of fruit arup
in mango varieties -~ Dasheri and Langra, Pruit-drop
per paniols verisd from 95,49 to 97.6 per ocent and
98.1 t0 99,08 in the two varisties reapectivaly. Fruit
shedding was heavy during the first three wesks of
fruit-set and continued upto the L£ifth wek. The drop
of small fruits upto 0.5 on vas heaviest in agheri
and those upto 1 em was agually hesvy ia Langre,
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Srivasthave (1961) recorded three waves of
fruit=drop in mango, the leargest ooouring in the first
three woeks after fruit-set., Rey st al.,(1963)
auggested that there was strong mhtmi difference
in relation to fruit-drop in mango,

Chadha and 3ingh (1964 a) reported that the rate
of fruit=drop in meng was very high in the initial
atages of fruit-growth vhen the development was wvery
rapid, 7The rate of drop fell gradually as the fruite
reached a substential sise and almoet ceased completely
when the fruits had reached about 90 to 95 per oent
length and “resdth. Chedha and Singh (1964 b) obaerved
that the heaviest orop losses were osused by the May
drop and only solitary fruite fell afierwards., There
was little difference in the rate of fruit drop between
10 and 20 year o0ld tresa, The drep during day hours
was nearly doubls that during night hours,

2.7 Mt charaatara

Considerabls variation in nut sisze and weight
vas observed by Torthwood (1966) im & population of
128 three-yuar 0ld irces. la also obaerved thatl trses



whioh prodused a largs mumber of nuats had asmall nute
unsuitable for cashew trads, Anon (1956) observed
that heavy yislding wrees ware more likely to bear
mediun sised nute (120 - 130 nusa/kg) snd hence
medium sised mate should be preferred in ssleotion.

20



MATERIALS AND METHODS
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These studies were oarried ocut on five year old
cashev trees planted in 1973 at the main oampus of the
Zorala Agrioultural University. All the treass inoluded
in the studies were recciving unifors mamarial and
oultural treatments, besides the plamt protecotion
maagures to ocontrol ths major pests and diseases of
the orop, The weathar aad seasonal oonditions were
zore or lésg normal during the peried of study from
November 1978 to April 1979,

Representative sanples wers taken for 4ifferent
studies, The following investigations were oarrisd out,
sdopting the procedures indicated against the different
itens,

The main feotors which oontributed to the yield
in ocaghew may be grouped under two cutegories namely
(1) Vegetative charscters (2) Flowering sad fruiting
characters.

The main vegetative characters contriduting to
the yield ares



1.1 The propertiion ¢f flowered and mon~flowered
shoota in a unit ares of the tres oanopy and

1.2 Growth paramsters of the tres represented by
height and spread,

Under flowsring mad fruiting charassters, the
main fastors ocontributing to yisld ares

2.1 Pattorn of flower opesaing.
2e2 The proportion of bisemual flowers.
2,3 Paotors affeoting polliination,

244 Percentage of fruit-set,
245 Perosntags of fruit~drop,.

246 Maan welight of nuts harvested,

1o VoGETAIIVE CHARACTuRS OONIRIBUTING 10 YIild

101

Iwenty trees vere selegted before flover-hud
smergunce and on ¢asch of thase drees, four samples
of half metre square wers marked on four aides of the
tres, using & woden frams, All the shoots in the
marimd area wvere tagged, After flower-bud emergsnoe,
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the musber of flowered and non~flowverod shootis were
ocounted and reocordsd. The prupertion of thess were
vorksd out, Ths total number snd weight of nuts
hearvested from ecach sample, as also from the whole
tree were recorded,

.2 Growih parametera of iha tres and thalr
salaiionabip to yiald

Height and apread of the individual tress were
msagured, 3pread of the tree was caloulated by the
formuila TIr’ where 'r' is the redins of the crowa of
the m-. Radius of the orowm was found out by msasuring
the maximam spresd in north-gouth and ssst-west direotion
and by vorking out the means,

The linear regression linss of yisld (Y), on
psrosnings of flowered ahoots per unit area of tree
osnopy (X,)s tree spread (xz) and height (K.,). were
saloulated. The linsar corrslation ocefficients (r) of
© 71014 with the shove thres vegetative eharasters wvere
caloulated separetely., The significsnce of thess
ocorrelation cosfficients were tested with the help of
3satistioal Tables (Fisher and Yates, 1963),

Teo asaess the relative contridutions of x,. xz
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and l, on Y, maltipls regression squation was vorked
out, The peartial regression coeffiofents were tested
for signifioanse, using the Student's °'t’ test s
suggestsd by Snedecor and Coeheran (1967). The
standardined partisl regression cceffisisnts were
ealoulated to assess the relative contribution of the
ahove characters on yield, indspendent of she units
of meagpuremat, Goodness of multiple regression
emuations were teated by ‘P’ test,

2, VROWEAING AND PRUITING CHARAQIZIS 20WIN1BUIING TO
Yizid

261 Pattern of flower opmning

Ine total number of male and disexual {lovers
which opened during each week from the commencemant
to completion of flowering were wrked out and ibe
pattern of opening of the mals and bisemual flowers
during the entire flowvering period was alse worked out,
inis was dome to find out the different phases nauely
the male phass and mixed phess of flower opening in
the trees and their relationship to fruli-sst and yleld,
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2.2  Iremertieon of Rissanal Llovers

Ten panicles ware sslecisd at random and tagged
before the commenscoment of flower opening on each of
the above twenty trees and the number of male and
bisexual flowers that opened on eash 4day wers rocorded,
The male flowers were removed after counting in order
to avoid congeation of opened flowers as the flowvering
advansed, The hermaphredite flowers were reteined in
order %0 study the extent of fruit-set, fruit-drop and
ultimate nmumber of nuts harvestsd,

2,3 Peotors affeoting pollination
2,3.1 Extent of pollination wader natural conditions

{0 estimate the psroentage of bisexusl flovers
aetting pollinated under natursl oconditions, fifteen
paniocles wvere iagged at random in each of the seven
wrees selaoted, Theos panisles wers grouped into
taree and the number of bisemual flewers that opensd
on & single day in each of the groups were recordsd,
‘he panicles in the first group were bagged six hours
after opsning. DBisexaal flowers that opened in the
seoond group of panicles wvere bagged 24 hours after



opening and those opened in the third group of panicles
were bagged 48 hours after opeaing, All the flower buds
and opened flowers exsept those unier stuldy were removed
before the initial recording of the number of bisexual
flowers, DBags were removed after four to five days

and the mumber of bisexual flowers that set fruiis in
each group were recorded and percentages worksd ous,
Ihose flowers in whioh therse was no swelling of the
ovary within five days aftcr opening were treanted as
‘not pollinated’,

2.3.2 ELfaat of hand pollioation

Bisexusl flowers that opened on evach day were
nand-pollinated to find out the extent of fruit-set
vhen pollination was ensured, Plve paniales were
sslected in each of the seven irees and the bisexual
flowers opensd were hand pollinated by brushing the
stigaatio surface with mature pollen oolleoted frem
male flowers. Deposition of the pollen grains on the
stigna wag confirmed by examining with a field lanas,
The male and the unopened bissxaal flowers were pinched
off after the observations ware recorded, Another get
of five paniclas in each irees were kept as contrel W
cospare with the formor,
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2.3.3 Period of receptivity of stigma

Artifioial pellination was oarried out in »
randck number of bisexual flowers at different time
intervals after opening vis,, immedintely after opening,
thres hours, six hours, 24 hours, 48 hours and 72 hours,
Famber of fruit-set obtained unidsr each stigmatal age
group were recorded and the period of reveptivity of
stigna vas wrksd out.

2e5e¢4 Aunsisted pollination

This atuly w=s made vwith the objeat of finding
out whether the fruit-sat oan he enhsnoed by better

pollination by spreoying poilen puspensionc or by apraying
with d4ifferent =2ttraotant selutions for pellinating by
inassots,

The experiment was laid oul in raniowmised Mook
deaign with six wWwoeatments and eceven raplloations. The
follovwing treataents ware tried,

Trestmntss~

1. Spray the panieles with jeggery solution (207),
2, Spray the panicles with sweet toddy (Neera),

3. 3pray the panicles with pollan suzpenzion in
cocoonut wvatler,
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4, Spray the pmmielss with caghev apple jJuioce,

5 sz":: the panicles wvith pollesn suspension in
waser,

6. Control - Wo spray.

Spraying was dons with sn atomiser on alternate
days during a period of one week., Fumber of fruit-set
was rucordsd, Observations were also made whether
the sbove treatments atwud pollinating inseots and
if so for how long.

2.4 Euls-act

io £ind out the relationship etween the exteat
of fruit=-szt and yleld, observations on thess nspects
wore mades on the same trees chosen for the sex-ratio
studies. The bisexual flowers on the panicles chosen
for sex-ratio studies, which showed definite swelling
of the ovary (within five to asven days after opening)
were treated as set, The totsl set woe recorded and
the perdentags was wvorksd out,

Fruits dropped in the Imntm stages of dsvelopment
on sclected panicles for sex-ratio studles were ocolleoted



29

in bags xept in suitable pesitions of the trees. Total
fruit-drop wes recordsd and the perosatage was worked
out, These fruits were then grouped into different
categories based on size vis., mastard, pea and marbls
stoges and the total drop under the above groups wers
also worisd out,

2.5.1 Osusan of izmators Lruis-drop

To find out the ceuses of immaturs fruit drop,
suoh fruite, ocllected from the selested panioles were
oarefully examined o ses whether there was any vieible
aymptom of injury dus to inesot attsok, inoidence of
diseases eto, Thoss whioch sould not be attributed to
say of the above causes wers treated as due to nutrient
deficisnoy or other physislogioal onuses, iix trees
vere sslected for taking these ebessrvations,

246 Salationship hekwasn yiald snd sean weight of
auta_harvaaiad
The total number and weight of nuts herveated
fron each of the above twenty ress wers redcorded,
Heann weight of nuts was vorksd out and the relationship
vith yield was found out.
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fhe linear regression linea of yield () on the
important flowering aad fruiting charasters vis.,
psroentage of perfeot flowars (x,). percentage of
fruit-set (12), peraosntage of fruit-drop (13) and weon
weight of muts (X,) were osloulated, The linear
sorrelation coceffiofents (r) of yield with the above
four flovering and fralting characters wvers aleo
oaloulated, The zi mificance of these correlation
cosfficisnts were tested,

Relative contribdutions of X,. Xy xS and X, oa
Y vere assesssd by working out a multiple re .ression
equation,



RESULTS
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RESULTS

The results of the investigations osarried out
to identify the major factors ocoatridbuting to the
yield in oashew are presented below:

1. ARsLATIONSHIP BoiWiEN VEGETATIVE CUARACT=HS OF THE
IRok ARD YI&ELD

1.1 dimple correlation soalysisa

The mean valuce relsting to the yisld, the
psroentage of flowered mnm(i-)“ aves of the
tres canopy, tres gpread amd tree height are given in
Tabls 1,

The calsulated values of correlation occeffioients
and the regreseion equations are given in Table 2,

The results indioated signifisant positive
sorrelation between yield snd the pereentags of flowered
shoots per unit ares, Oorrelation bhetween yield and
tres spread vas signifiosat (Pig,1) but no statistiosl
relationship ocould be estadblished bBetween tree haight
and yisld. The regreasion equation was wsed to estimate
the expesoted average yisld of ocashev trees for nown
values of vegetative charsoters, The regression egquation
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Tabls 1, Yield per tree in relstion to vegstative oharseters

Yield

Tree tree &.Wﬂ 0?  lreeta Ralght ta
in kg aret of Wree SaNOpy 8q. R, ne
1, 6.48 36.%6 $50.24 5415
2, 6,042 52,65 68,77 5.0%
Je %.476 38.09 47.52 T.45
4 2,534 24,352 42,06 5485
Se 2,194 18,18 %5402 5.05
6. 6,791 41,67 93.04 5.2
T 14,54 75 63.59 4,85
8. 16,772 86,96 67.31 5.19
9. 14.92 S 7356 6.95%
10. 2,045 14,82 38,25 575
1. 9.692 47.83 25,02 5+5%
12 5566 36,17 47,76 4.%
13. 13.441 66,67 64.72 5.25
14. 15.725 79.53 41.75 S.6
15, 3.56% 25.53 52,53 5459
16. T.518 43.48 42,76 513
7. 10.842 67.57 55.13 5059
18. t.213 17.06 44,87 555
19, S.274 54.75 56.72 5.85
20, %.8%9 81,48 40.49 5.85
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Tabls 2, Corrslation opsfficisnts snd regression
squations of different vegstative
oharasters with yisld

81 Cerrelation E.a‘::::“
Jbde @
¥o. Charasters coeffiolent 'r* (Y= a ¢ bx)

1. PFPerocentage of
- flowered shoots per

G mp? arsa of tree

oanopy (i) * 0.83%° = 0,796 ¢ 0.176X,
2. Tree ﬂmu (xa) * 0.5" - 50188 * 0.25812
3. Haight (13) - 0.4

" Jignifiesnt at 1 per eent level



(Fll‘ RELATIONSHIP BETWEEN YIELD AND PERCENTAGE OF

13— o -
b3
&=
x
1 - X g
X
,/',

12—
¥ 16 [~ i - T
}J * g Ya —0 796+ 0076w |
)
.1 8 ra <+ 0. 235, :
9..1 » ’ j
)‘ "

& - ‘ﬁ A

P x
&S 7 X
E
¥
2 - +
o
o T i 1 T 1 T T T 1
o ) 30 =g B0 Go 70 80 9o OO

PERCENTAGE OF FLOWERED SHOOTS.

B9 RELATIONSHIP BETWEEN VYIELD AND TREE SPREAD.
%
hile %
[ * *
®
i2 ~
o x Y:-—G-lBg-&—O-ﬁz&;Bx_Wl
* Fs+ 0.6 '
o s
G X
-
e -
X
T T 1 T 1 ¥ -1
(o) 10 &o 30 =wO Bo o o & o loc

TREE SPREAD (S5@.M)




Plate I (& m)° oanopy ares of s high ylelding tree,

Plate 11 (+ 1)2 canopy area of & lov yielding tres,
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for helight is not given as the correlation wes nmot
statistiocally signifioant,

1.2 Mutinla ragrasaion saslyaia

Io assess the relative contribution of the three
oharagters seantionsd above vig,, perosntaze of flowered
shoots per (+ n)2 area of tree canopy, tre¢ spread and
height %0 the yield, multiple regression ejuation was
fitsted, The partial regression coeffieisnts were tested
for significanse, 3tanderdised partial regression
coeffioients were also vorked out to Sssess e relative
importance of the vurious aharseters, indspendent of
wnite of msaguremmnt, 7The results are prosented in
Tadla 3.

The partial regrsssion coeffieient of percentage
of flowarsd shoots per unis ares (¥ 2)° on yield vas
found to de signifisant, The partial regression
coefficlients of tres spread and height on yield were
not statistically significant, The muliipls regression
squation of yield on percentage of flowered shoots par
unit area (# m)? of tree oSNopys tree spresd and
height is Y = 1,6265 + 0.1514 Xy ¢ 0,0892 X, - 1,0524 Xye



30

Table 3. Multiple regression relationship of vegetatiwe
oharasters with yield P

Wm Wi‘

- regress partial

Oharscters ““n regrogsion |V value
olents (bi) oceefficients

(»s™)
Peroentags of
flovered shooits
por (4 n)2 ares .
of tree oanopy 0.1514 0.747 4,508
Tree spread (eq.m,) 0,0892 0+201 1.2845
Tree M*&‘ (.’) - 1.0524 - 0s1% - ‘.016’

** Uignifieaat at 1 per oent level
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The coeffioient of deteraination vas found to bes 73.89
por oent, Thus the equation zives a satisfastory fit

to the data, Expected tres yisld esm be predioted

from the equation, after substituting for the paramstirie
values,

2, BsSLATIONSHIP BaiTWEBaN THo FLOMERING AND PRUITING
OHARACTIZRE OF THis THES AND YIsLD

2.1 Eastarn of Lowsre apaning

In order to find out wvhether there vas any
definite pattern in the opening of male and bdissxusl
flovers, the tetal flovaring period of selsoted panicles
on the twenty trees were categorised as first male phase,
followed by & mixed phase and the seoond zals phase,

The duration of thess phases veried froa tres 0 tres
and the twenty trees included in the study were groupsd
into two on the dasis of yield - those Mwlov the medisn
yisld and thoes above it, IThs date are presented in
iables 4 md 5,

It may be seen from the 4ata presented that there
vas oconsiderable wariation among ths tress in the pattemn
of flower opsning., While thare was distinot male pheses
(1 and 1I) and mixed phages in some tress above the medimn



Table 4.

Pattern of flower opening as related to yield

Trees yislding above msdian

Tress yielding delov msdian

Mean Mean duration of d4if-
fereut _phseee (daye)

Hean Hean duration of aif~

durat- durst- _ferent shasss (dave)
Trees Yisld &ﬂ' I Male Mixed II Male Iree Yield mm‘ I Male Mimed 1II Male
%o. (kg)  (4ays) pbmoe phase phase %. (kg) (asys) phaoe phase phase
Jle 16772 BTT 46 T3.9 9.2 1. 6,082 88,8 12,3 575 19
2, 15,725 51.8 O 37.7 1401 2. 5.566 Tid4 3 6.7 1.7
3. 14,54 759 O 759 0 3. 5.476 116 7 106 s
e 32 T2 642 62,3 3.6 4. S.2T4 1057 22,5 68 15,2
5S¢ 13,441 536 6 5.3 2.3 5. 3.8% 109.8 19,2 75 15,6
6o 10,882 101.8 11,8  T3.4 1646 6. 3.565 1249 18,2 7T 29.7
7. 9.692  92.2 6.3 84,5 1.4 Te 2,534 93,6 112 73 9eb
8. 7.518 117.2 0 7.2 0 8. 2.19¢ 119.4 8 106.7 4.7
9. 6791 68,5 3.8 64,7 0 9. 2,085 86,6 20 2.4 24,2
10. 6.48 116 7.2  105.3 3,5 10, 1,213 1.1 126 865 12
Mesn 11,612 837 46 740 5.1 Mean 3,775 102.7 13,4  75.9 13.4

J o



Table 5, Mean durstion of mals phase and peroen
) of male phase ovar total duration of
flover for trees adbove and below the

median yleld
Above Be lov
msdian sedian
Foup group
Male phage
(days) 9.65 26,8

Percentags of male

over total
tion of
Student’s 't' for compar sesn duration
otmm&rmwmm 8-2.498"

* Signifieant at 5 per oent lavel



yield, the first male phase wes preotiocslly ail in
some others of the same group. ITwo of the trees in
this group showsd complete adeence of the male phasos
{(both I & I1) and the entire flowering period vas a
aixed phess,

The three distinot phasss were observed in all
the treea below the median yisld (Pig.2).

Mean duration of flowering of the trees above
the median yield was 83,7 days while 1t was 102,7 days
in the trees below the median yisld,

The proportion of maie phawe over s %Wwin)
duration of flowering wes signitiowntly lowsr in the
trees above the medlisn yisld thea the tress beslov the
wedian yleld,

The mosa values relating the yield with the
psreentage of bisexual flovers are givan iz Table O,
and the caloulatsed valus of eorrslation occeffisient
is given in Table 7,

39



- - .o . ‘e * - ; . P LR
L [ -~ [ o <.’ .« °* .-” 0t - - . - - LR . -~ - - - - . - S I |
- . . . + s . . . v 3 f . . \ . ’ ' B R B .
. “ . a i . . Iy N .  e— . » e ’ * ¢ A o * . * e
. T LT R R N ————— o rerees -
— 1 - rrer " AR L “ppr s » » .
. R P Y T sveee Eh > Nres,la00 0 EETIN - -
— TS - o d st Rl anaid e T
H : Be L - : . - ST 3 4 + .
s 3% #0%0 000904000 v000000%i00sastansh - Wouonot taga0tatoateulos stanaas ».:.--.:.:\M "
et e m et ere v E s spr v s, sty crrirperrverTpeissear Ty rriprrerrrers - CErr R err e p vy ey rF Ty » - LRI P RARN RSV P IASRAS VSRS S -
— TR . recres Frprep e, rrrerrry :\\ s \w o w \ o TROL IS, % «\\\ .I\\\\\\‘\\ /. Sy . 7 4 g o
- 4 teee Vaedt Vsstasa $i s s b€V aTaancaterenaseiboanadt Y rr -...\...:;:.;{- -’ A e vuttpsuatstonansttatogs e dedaarascen M a PR $ %806 8800000008 1 00s 08040 08a0eadte,teans
— eI A I N Ll andladi ‘\.Jc\w\\.\\...,\Jv\\.‘..\\\.‘w.\‘\1«.\‘\\M - Al a R i lidd /i aliddr i iidd //dAidaI  RIeA A e .-,
. e et a0 ates 100008 etadslt eaassatotatacatt ®vassoetoisatinadossddh - Lt a e (s ks s ito 90000 s ?a0setatd o foretoaedadsbsnsesatass P
eop cprrrr e rrerm reprerrrry - [ v rrr A Y d ae P 2 Al i AP ARSI IO IS S RaS -
NIIIITI IR I IR IR S S ) . Vvrrarsy SIPILIEILS 77 1 .
b te .-..n\::: eisad t.:\\:-\- €44 e dO0haaay va tai .:-.\\M - \ n.::- 4seseatsa 0l st a?e0000aativeuneseaasivsan tasssal - "
- -."~\v1-v:V‘.w~‘\.‘w-v‘:!-\v-\:'u‘::‘- -
» B F A “es ::\..---n [ PP PP VY PPPPPR PR taavita :::.:\5 + "
_— » verp ey crrprp. ST - - R et R TR L LT S -
AL A LAl Y L e L L L I . y . ,oeeen ..i
A v 5
- h.q..~..-uxu-u;t -n.nut\nntnnat Cseatsasonr ---\;nutucv - P toaan 100t santi, . es tovasdnssh o *
- 120&-\::‘“1\¢3\:‘<::-:«o‘::.‘.v:‘\:.‘«‘3v‘\‘\:.w\w}-.:T::..‘...‘ e t\. a1v§|‘v\w<::-\:u¢:1«&00\1?“\‘v...\s‘x gy
A . -
Th\‘c-nucnntlkutnfn :\nn‘.n-- a8 ¢ s80aa -n-u‘-\:\n cVsssssated¥tssd :‘:n-\\;u\;\\» - vastosa ety Pap b aastasngae
wrrrp e e epr ey reegyryaay ey s oy - - e e
'MI o - s >y rrepse w\;\\\\ e r - q ..
N et a0 susd Vol s Pasasas t P2t Cas Ra dd8asebasddsndsves - [ .
r- !“Q\:q.“:1\\.::‘:‘.::.\‘\:‘.\.::.I‘H . .  Aatadiat ettt A e R AR LR TR ML -,
- . - .
R u:no-‘\n-n-nun\u-\.-\-:-s\n-t Iyl n‘\o -— B 80008000 800008%000080060s 5704a0000,0040000000304200008, 800030 %001t .
- J..o LT 2Y . . AASSA RS BN
(XL IRalts vy T A il
R PR
* . s v . e ety S
. . P . v FrReer ) . s " oLt 3 " B O .
[ cetinm (R
P 4EMNLTE A N




40

Yisld per Peroen o
Irees Yo, tres in bisexual flovers
kg (Mean)
1o 6,48 5.78
2.4 6,042 305
Je 54476 7.79
4. 2,194 13.49
Se 2,534 8,94
6. 6,791 20,15
Te 14.54 1757
8. 16.772 12,75
9e 14.32 8,87
10. 2,045 375
11. 9.692 40,79
12, 5¢566 19.7
1. 13.441 21,47
14, 15.725 15,09
15 ) 3.5‘5 ‘ o",
16, 7.518 6441
17 10,842 $.63
18, 1.213 2,49
19. 5274 1.07
20, 5839 7.9




Table 7, Oorrelation coeffivient and regression
squation of percentags of bisexual
flowers vith yleld

Sorrelation
Regresaion equation
Charaoter mggym (Tease dx)
Porosntege
of bisemal
flowers * 0.596" Tw 5,357V * 0,207 x\‘

*Signiticant at 10 cent lsvel for the
two-talled °*t’' tea

i1



On the cssumption that the correlation coeffisient
of yield with peroentage of bisexual flowers wuld be
positive ons~tailod '4' test was applied io assess the
significanse of the charsoter, Nesults showed significant
positive correlation bdetween tres~yisld aad percontags of
bisexusl flowers (Pig. %),

A nunber of bBisexaal flowvers opensd on 8 day were
exanined ay different tims intervals vis,, six hours, 24
houra and 48 hours after opsning and the extent of
fruit-sst under aach of the groups wore recorded and
the data are given in Table 8,

It may be seen frem the tadle that only & amall
peroentags of perfect flowers were pollinatsd under
natursl conditions, In the first group, vhere the
flowers were sxamined six hours after opening, the
perosntags of fruit-sst obtained wes only 1,89, BHut in
the seocond group of flowers sxamined 24 bours after
opening, the parcentage of fruit-set wes higher ie.,
8455 par cent, In the third group whera ths flovers
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Table 8., TPeroentags of disexual flowers getting pollinated in the matural oonditions at
different intervals after opeaing
Ro, of
No. of
g; of fruits set 2; of Yo, :t o, of f:':":
vers as seen flowvers fruits
exanined mlungb’ sxamined set as  DPercent- m‘a my Poroen=
aix bours of Percentage 24 hours scen by age of 48 hours ing of tage of
after ovary of frult~ after swelling fruit- after ovary fruit-
opening set opening of ovary est epening set
159 3 1.89 17 10 8455 181 18 9.95

eV



vere examined after 48 hours of opening the peroentage
of set was slightly higher, 1t was oclear frem the adove
data that a large mmber of perfest flovers remalined
unpollinated in nature dus to ons oause or other,

In order to find out vhether the poor fruit-set
in osahev wes due to iack of pollination, hand pollination
wao dons on seiestied panioies sad the fruit-set was
recorded snd the sams is pressated in Table 9,

It may ba seon from the tabls that vhen pellinatien
vas engured, there wvas signifiosnt inoresase in initial
fruit-set. The percentege of bissxusl flowers oarried
tovards full matwrity ia hand peilinated inflereseences
and the inflersesencss uhioch wore M.h got
pollinzted ia the natural conditions i pressnted in
Tabls 10,

2.3.3 Beospuiviyy of stisme

Parfeat flovers were arsificially pollinated as
different time intervals after epsning and were wpt
under observation for fruit-set., BReslia ovtazined is
presented in Table 11,



Table 9, Pruit-set odtained in the hand pollinated
panicles and in ths naturally pollinated

panioles
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Perosntage of fruis~ Mmt?

Tree o, ;"é:E‘i{‘mu‘: he :"'?Ew Differense
panicles

1. 86,63 5442 81.21
2e 8873 19,15 69.58
3 95429 17.77 77,52
4e 89,02 17.29 T1.73
5e 83.59 7.32 76.27
6e 83417 5467 T7.5
T. 81.69 17.72 63.97
13 Student's '’ s 23,48
ve

3ignificant at 1 psr oant lewel

(33 °%' test was applied after sudject the dsta
unahrtr:atmm) deaving



Hand pollisased Nasurally pollinated

Tree Yo, panicles Differance

Te 743 0,86 6457
2e 5¢39 3.19 242

Je 8.12 | 3401 511
4o 12,17 3.01 9,16
Se 3015 0.3 2,85
6. 0.T2 0 0.72
Te 31,37 8486 22451

tt  Student's %' B 4,943

** Sigaificant as 1 per osnt lsvel

(53 °'t" test wap & 4 after subject the data
' ia-nmmtr:::}:.mtm)'a e



Plate IIIX Hand poliinated pmaiels.

Plate IV Saturally pollinated panisls.






Table 11, Pariod of receplivity of stigma of osshevw
flowers after opening

" ‘a1 lo.oé‘ bisexaal No, :t R;upuﬂw
Lgna vers fruite of gtigm
group et pollinated st (%)

At the tims of

flower opening 92 92 100

hres hours

after opening 115 115 100

8ix hours after '

opening 198 102 94.44
- 24 hours after

opening 101 59 58,42

48 hours after

opening ™ 26 3733

72 hours after
opening 104 0 0

47



48

It say de goen that reseptivity of the stigea
deoreased progressively vith advanse in the age of
opan flower, Best results wvare obtained uhen hand
pollinavion was done within 24 hours of thelr opening
(93 = 1005). But the reveptivity was contimuing upto
48 hours sinoe the hand pollination resulted in nearly

37433 per oent fruit-set vhen made two days after

flower opening,

2.3¢4 Asajsted pollination

Results obtained from the assisted poliinstion
trials ocondusted by spraying with stersotant solutions
sad pollen suspensions in different medis are presented
in Tables 12 & 13,

It aay be scen from the tables that spray treag~-
mente had significant effect on fruit-set, Sprays with |
neera (7,), jaggery solutien (T,) and osshev appls jules(T,)
resulted in inoreased fruit-sst, 7This may be dus to the
inoresse in pollination through house~fliss and honsy-bess
which were found to bs sttrsated by these spray solutions,
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Table 12, Effect of asssisted pollination on fruit-set in
oashew

By B, By By Ry Re By
7 20042 17,18 M.61 49,31 28,57 15,47 34,42
! (29:80) (2405 (%203 (41 (3223 (23°19) (3s.9h)
T, 36,98 47.16 41,81 40,47 38,75  45.11 28,08

(37.5 ) (43.%9) (40.28) (39.52) (38,53) (42.19) (32.,01)
z 43,87 32,96 24,13 35,33 25,92  25.39 44466
3 4121 (35.06) (29.4)  (35.24) (30.59) (30.26) (41.96)
7 46,66 46,47 55,92 16,66 16,85 36,43 12,98
‘ (43.11) (42.99) (47.93) (24.12) (24.27) (S7.1)  (21.13)
T 26,92 34,02  53.44  32,% 31,16 41,53 S0
3 (31.24) (35.67) (46.95) (34,7 ) (33.96) (40.11) (45)
Oenatrol 2, 10,112 11,74 12,8 13.79 0 513

( 9:? )} (18.53) (203 (20,7 ) (21.,81) (O ) ('3005)

* Perocentage of fruit~set obdiained

The figures in the parantheses indicate ths sagular

transforned valuse



ol

Table 13, Analysis of variance for spray tresatments

Sum of Degressof Mean
3oures squares fOreedoa squares P
Total 4693.4 41 114,47
Bloek 229,29 6 38,21
. 0.689™
‘g:Ll“ 2001.4 5 560.28
10.109**
srrer 1662.7 0 5%5.42

*¢ Signifioant at 1 per oemt lewel

B - Not significant
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Insreased fruit-set odtained in the other two treataents
$e.s spray with pollsn suspension in coocomut vater (Ts)
and in waler (25) may be dus to the inarensed pollination
effected by these aprays.
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The nean values relating the yield with percentage
of fruit-get, perventnge of fruii~drop and weight of nuts
harvested are given in Iable 14,

The oaloulated valuea of correlation ocoeffiocients
are given in Table 15,

Prom the tabla, it osn be seen that there is &
significant negative relationship betwesn peroentage
of fruit-drop and yield (Fig. 4), On the assumption
that the ocorrelation coeffiojent of yleld vwith percentage
of fruit-set would be positive ome-=tailad 't‘ teat vas
applisd to assess the signifiocanos of this sharagter,
Hesults showed signifisant positive relstionahip between
tres yileld and percentags of fruit sot (+ilz.4)., Resulte
4id not shov any signifioant relationahip betwsen yield
and msan weight of nmuts harvestad.
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Table 14. Yield per tree in relation t0 fruiting charsolars

Parcentage Pereentage
Yisld por of frait~= of fruit~ Vveight of

Tree o, tres set drop auss (g)
(xg) (Mean) (Meen) (Mesa
1. 6.48 14,24 95 7429
2, 6,042 13.42 100 T.22
3 54476 19,69 88,09 6.9
4 2,194 8,81  94.92 Sl
5, 2,534 34.88 99.%9  7.02
6. 64791 45,63 93.49 3.96
7. 14.54 32449 94,27  7.93
8. 16,772 30477 90,13  7.98
9 14,32 38,9 7397  7.8%
10, 2,045 21,08 99459 6.09
1. 94692 28,83 95,14 5,94
12, 54566 30485 94,91 8.93
13 13,441 29,48 89,17 5465
14, 15,725 31.99 83.92 6,96
15, 34565 20,74 7% 8.42
16. 7.518 25,51 95 6.99
17. 10,842 25.07 TT.17 6.81
18, 1.213 0.5 100 5469
19, » 5274 26,72 91,43 6,44

20, 3.839 20.9 97.73 7.06
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Tadls 15, Correlation esefficlents and regrescion
squations of 4ifferent fruilting charscters

with y&qu
8. Coaftioient of Regression egquation
No, Charsoter gorrelation ‘r' Ysas* bx)
1 Percsnt of

2, Percentage (ot |
- fruit~drop x,) - 0,48 Y 35,01 = 0029“3

3. Moan welght of
m“ (x‘ * 0"‘

88 Significant at 10 csnt lavel for the
tw~tailed *s* mg“

* Signifioant st 5 oent level for the
two-tailed 't’ tes’t'
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2e4,1 SMa of mt"‘”!

Extent of fruitedrop at Adiffersnt stages of
development is prescnted in nble 16,

It ocan be scen from ths table that only sewven
W eight per ocent of the initial frult-set was oarried
towards full maturity. BRemaining 92 = 93 per cent of
the fruits were droppsd dus 10 ons OBuse or other at
different stages of devalopment, Wham the dropped
fruits were olagsified hoged en their sise, they were
found to be ocoming under three groups,

1. Pruits having a length less then 5 ms vers
included under ‘pinhead’ or ‘mustard’ stage
of development,

2. Pruits having & length in detwen 5 -~ 10 am
were inoluded under ‘'pea’ atags of development,

3s Pruits having a length adove 10 mm were included
under ‘marbdle' stags of development,

Among thesc three stages, 'mustard’ stage accounted
for the maximum fruit-drop, "nly small proporiions of
fruits wvers found to drop in the later two stages,



Table 16, Pruit-drop at different stagss of dsvelopment

Pruits dvopped at diffe~ d

Ires %o, Yo, of of bi- Percentage Toat stamms C(pereeatem) ﬁ&?
flowrs sexaal of fruit- ‘Mustard® ‘Pea’ ‘Mardle’ upto full
opensd flowers set stage stage stage maturity

1. 189.6 21,47 29.48 75.68% 12.5 L I | 10.8%
2e 296,.1 15.09 31.99 81,82 2.1 0 16,08
D 662.4 13 28.74 76 0 (] 24
4, 317 & 20,15 45,63 93.49 0 0 6.5
Se 336 o 4 1757 32.49 88,54 52 0.%52 573
6o 387 .6 12.75 W0.T7 87.5 [+ 2.63 9.687
Te 496,.7 13.49 8.81 93.22 0 17 5.08
8. 529 .4 8.94 34,88 99.79 0 o 0.61
9. 485.5 578 14,24 82.5% 129 0 5
10. 488.6 3.05 13.42 95 S 0o 0
1. 821,2 14.?9 ‘90‘9 a‘cf’ 30% 0 1 91
12, 258.2 19.T1 30,05 85.55 SeT 3.82 5409
13. 6115 6.41 25.51 92 2 1 5
14, 651.7 5.63 25,07 70465 Sek 1.09 22,83
15 652 2.49 K25 100 0 0 0
16, 701.1 1.87 26,72 91.43 2.9 0 8.57
7. 585 119 39 97.73 0 Q 227
18, 422.9 8.87 8.9 7397 75 0.68 26.0%
19. 307 .4 5.T5 21,08 100 0 0 0
20, 71,6  40.79 28,85 95,14 1,08 O 4.86

* Express;ed as peroentage of initial fruit-set

Y



Plate ¥ Prait-drep at different stages of development,
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2.4,2 Qauses of fruly-drop

The fruite dropped at the different stoges were
oxamined to find out the possible causes, :he couses
that oould be ildentified were ihose resultin: from the
attack of inseots like Tea mosquito dug (lislopaliia
attonid si:n) and the appls and mut derer (Ihylosoptils
panrosapa Meyr). The sxtent of the drop due to thens
fastors are furnished in Tabls 17.

Awony; hess peats Tea mosquilto bug acoounted for
more than 10 per ceat of the totel frult—drop. Pple
and nut borer vur found to be ocawsing frult~drop upto
five per cent, (amaining 80 =« 85 per aent of the Iruit-
drop;":ila dus to uninown {astors. Ons of thesc may de
the atrong wind prevaleunt during the period of study,
Othor unknown causcu of fruii~drop Bey roage fror
natritional imdalsnce to defeotive metatclisn,

2.4.3 Multiple ragrwoojon uoalygiw

Jjelative eontridution of thewe flawaring and
fruiting oharasters vis., percentsge of bissrual flowvers,
peroentage of fruii-sei, perdcentage of frult-drop asnd
nean welght of nmuta harvested, on trae yleld wis agsegnod
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Tabls 17, Extent of fruit~drop dus to different factors
Total SDauges of fruit-drop?
%o, 0f Percentage Tea Apzh Unknown
Tree flo.srs of bi- Parosn meq~ an faotors
openod ssxual of fruit= uito nut ()
Ko
* flovers sat hq, borer
(» ()
Te 336.4 17.57 32.49 9.38 240 82,29
2. 387.6 12,75  0.77 10,53 4,61 75
3¢ 189.6 21,47 29.48 10,83 3.33 T4.17
4e 6115 G441 25451 9 2 89
Se¢ 651,7 PN ) 25,07 21.74 4435 51,09
6 422,06 8487 3849 8,9 343 61,64

* Fruit drop expressed as peroentage of
initial lgnltmt



by fitiing a multiple regression eguation, The partial
correlation ocoefficisants were tested for significance.
Jtandardised partial regression coeffisients were also
wvorked out. The resulis are presented in Iladble 18,

The partizl regression ceeffisient of percentage
of bisexual flowvers on yield wvas found w0 bde signifioant,
The partial regression ceeffiaisnts of percentags of
fruit-set, fruit—-drop and mean weight of auts were not
found te de significant, Ihe multiple regreasion
squation of yield on perventags of blsexual flowers,
frait~set, fruit-drop and mean weight of nuts wvas
Y @ 19,571 ¢ 04244 Xy * 04020 Xy = 06255 Xy ¢ 1.156 X0
Ine cosfficient of determinasion was found o be 49,59
par oent,
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Table 18. Multiple regression relationship of
flower ad frulting oharaoters
vith yis
Partial regres~ Standardised
sion ooeffi~ partial re-
Tharasters aisnts (bi) greasion 't* value
coeffioients
(n4™)
Pereent of
perfeot 0.244 °q“5 2,3%8*
Peroentage of
Perosntage of
fruit-drop = 0255 - O.411 - 1.987
Mesan weight of
nuts ‘0156 0029 1.444

*Significant at 5 per cent level
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DISOCUSSION

Suscessful orop produstion is dependaxf up on
the proper understanding of the different faotors
influencing the yield of the orop. Sush studies have
boen oarried out in most of the orops, but no such
studies have bdeon made in & aystematis nmanner in the
oage of osahev, eventhough the relationship detween
some charaoters liks sex-retis and yield have been
studied in the past, A study of the different
faotors influenoing yield and the extent of contribution
ande by thess faotors in the ulilmate yield ebtainsd
in oaghew wes undertaksn in the preseat case, Hesults
of theas inveatigations are disoussed belov,

VEGETATIVZ CHARAUTLRS A3 RBLATGD I0 YIalb

From the simple correlation mnalysis between
yield and individual vegstative oharustores, it was
found that tree yield in cashev was signifioantly
correlated with the percentage of flowered shoots per
unit area of the tres osnopy and also to the apread of
the tree but not to the height, The multiple regresajon
ocoeffinients of tree yisld on the thres vegstative



oharsgturs indicated abowe showd that the peroentage
of flowered ahoots per wait syvea of tree cenopy =nd
the spread of the tres maialy conteiduted to the yleld,

Hultipls regression efficlents were woried
out to find cut the effeot of independsnt variable
{X) on the dependent veriadls (Y) climinating the
effeots of other variashles involved in the produstion
provess.

The standardised multiple regresaion cosfficient
of yield on ths percentage of flowered shoots par uait
ares of tres ocanopy wvas 0,717 and that of yleld on
tree spread wvas 0,201, Among the thres vegstative
charsoters, the percentage of flowered ahoota per unit
area of tree osnopy was the most important faotor
contributing to yield., Results from these studiies
ahowed that tress vith profuse flowering oould be
expectad to give high yisld as compared Lo those trees
vith & sparse flowering habit, This may be dus to the
fact that the profuse flewering habit of the tree
resulted in the produstion of more number of bisexual
flovers p.r unit area of the tree oanopy as ocompared
to that of the trees with sparse flowering habit,

b1
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Eventhough there was high veristion among the trees in
respeot of the preportion of bisexual flowers, the
flowering habit of the tres ~ profuse or sparse = has

8 definita maring on iv's yield potential, These
resulta oonfors to the findings of Murthy a% al., (1979),
who reported significant eorrelation bdatween masber of
panioles ( flowering shoots) snd number of bisexual
flowers in cashev,

Preseat investigation slso indiesated the
influsnos of true spread on yield whioh is in agrecment
vith the findings in mango by Zhan (1960), Oppesheimer
(1960) and Teotis g% 8l., (1970)., Bat Dasarathi (1958)
and Morton (1970) have reported that cashsv tress with
apreading habit produced only s tangled mass of base
and dead shoots and that maximus flowering wvas seen
in tress with erevot groving habit, However Dasarathi
(1958) has reported that intensive branching contributed
t0o higher yleslds in cashew, The present studiss
oonfira these findings, It may b pointsd out that
the trees included in thess studiss are only five years
old and it is diffiocult to olassify them as ereot
groving or apreading. The mumber of shoots per unit
aren vas therefore taken as the index of vegetative growth,
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PLOWSRING AND FRUITING CBARAOTERS A3 ReLAT&D 10 YILD

Zastern of flover opaning

Resulta from the pressent studies indicated thas
the opsning of flowers in oashev panioles was taking
place in three phases ~ the first msale phase, mixed
phass followed by a second male phase, Bat the duration
of the male phases vas found 0 de vory short in the
osge of trees ylslding sdove the median and the mized
phese wvag longer than in the tress yielding bslowv the
medion, Tvo Lress in the shove medisn group showed
complete mixed phase over the sntire period of flowering.
Hizh yielding behaviour of the trees of above median
group may bs primarily dus to the high preoportion of
bissxual flowers in the panicles but it was also
indicative of the influsnes of long mizel phase resulting
in dester pollination and fruit-set.

4L number of workers have reported that in cashew
the flowers prodused early in a peniocle are mostly mals,
Povithran and lavindresathan (1974) reported three
distinot phases in the flower opening in cashow panioles,
flesulta from the present atudies are in conformity with

these {indings,
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Jimple correlation amalysis hm yield snd
percentage of bissxual flowers indioated s positiwe
gorrelation,

The standardised partial regression cosfficient
of yisld on psroentags of bisexual flovers was
comparatively higher tham thoss of other frulting
charsoters. S50, ameng the flowsring sad fruiting
charasters, tres yisld in oashev wus found to be
influsnoed more by this sharsster is., the preportion
of bisexual flowers opened during the flowering period -
than others,

Damodaran gt Al.s (1965) have reported that there
was & positive correlation between the peroentags of
disexual flowers and yisld in osshew, ime (1974 ),
Murthy a% Ales (1979) alse have mads similar odmsrvations,
In mange, Naik and Mohan Rmo (1943), Singh (1954), Singh
(1962), Singh (1964) have reperted similar results.

Faotors affeoting pollinatioms~

Preponderence of staminate flowers over bdisexual



69

flowers wvas reported ss one of the ressons for lov
frait-set in cashev (Hso, 1974 ). But, tue extent

of poliination taking place under natura) oonditions

is undoubdtedly an important factor goweraing fruit-
ui in oashevw, In the pregsent atuliss, s rmadom
meber of perfect flovers wers examined at different
interv:ls after opening to find out vhether the flowers
have been pollinated, The results olearly indioated
that a large proportion of bissxusl flowers remained
unpollinated., Jo even ia trees produsing a fairly
high proportion of bisemual flowers, it may not be
fully reflected on the ultisats yield, These
observations are in conformity vith the findings of
Damodarsn g% Al.s (1966), fao (1974 ) who had reported
lagk of adequate pollination in mature #s ones of the
reasons for poor fruit-set in cashew,

Hand pollination studies in the present
investigations resulted in 80 - 35 per oent initia)
frait-set, EZventhough the ultimate fruit retention till
mmiurity on the hand pollinated paniclss were significantly
higher in mumbder than that on the naturslly pollinated
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paniclse, the inoresss was mot commensursts vith the
inaressed fruit-set, Ineressed fruit-set in oashew
from hand pollination has been reported dy Rae (1974 ),
Kamarsa ak ales (1976 8),

In ths present ohssrvations, it was found that
the resepiivity of stigea of osahsv flowvers ocontinusd
upto 48 hours, aftar opening, Optimum stigmstio
recaptiivity vas obeserved during the fires six hours
of opening. A steady deoclins in receptivity wvas obssrved
as the age of opened flowers advanved further, Thess
results are in conformity with the findings of Damodaran
23 al.o (1966) in ocashew.

Assisted poliination

In the present investigation, the paniocles
sprayed with pollen suspensisns in water and ococomut
" water reoorded sm inoreased fruit-set than the dontrold,
This may ds dus to the detter pollinations fasilitated
by the pollen sproys.

Rap and Hassan (1957) have reported inareased
fruit=set in oashow by spraying the trees in bloom
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vith water at intervals of aix days 3hama Shat (1965)
has reported inoreassed fruit-set in areesnut by spraying
pollen grains hsld in suspension im sa agueous solution
of suorose,

Pruit=set in the paaisles sprayed vith different
attraotant solutions, in the present inwatigations,
vas also significantly greater than that in the centrel,
A lot of house flies snd honey-bees were observed w
be visiting these aprayed panioclss, Inoressed fruit-set
obdtained in thess treatments vas possibly dus to the
inoresssed pollination by the astivity of these inseot
visitors., Hoberts (1956) has reperted that sugar
sprays during flowering oould ensourage pollination by
attracting honay~bees in plums.

Present investigations indicated thats insect
pollinators like honey~bees osn de susocessfully used
to supplement the natural pollinmation in caghev orchards.
Smith (1958) has also suggested that in oashew, bDess
aay be used to promote greater pellination. Bug
apraying with attrastant solutions will not de eoonomio
and prastioal for large soals adoption, 3ut, keseping
bee-hives at different looations of the orchard during



68

the flowering pericd may be bemefieial, This practios
not only serves in better pollination and fruit-set
in the osahev trees but also helps in getting higher
quantity of honey.

Eeuite-nat, feuik-drop and mesn weight of nata as related e xisld

34mple correlation analysis batueen yield and other
important fruiting characters indicated a positiwe
corralation between yield and peroentags of fruit-set
and & negative correlation between yield and percentags
of fruit-drep. Mo significant serrelation sould be found
batween yleld and mesa weight of muts, |

The standardised pariial regression ocseffisient
of yleld on percsntage of fruit-drop was found o e
negative and higher than that of frult-set, Thus the
relative influsnce of perventags of fruit=-drop on yisld
vag greater than the relative influsnce of perosntegs
of fruit-set, o, the ultimate yisld from cashev was
found to be adversely affeeted by the heavy drop of young
fraits before reaching maturity,

Pressnt investigations on the extent of fruit-drep
at different stages of maturity indioated that the
intensity of drop was highest before the fruits attained



& length of 5 mm (mustard atage). Ihe intensity of
drop was found 0 b lov in the later stages vhen the
development was very slow, aad it fell suddenly as
“the fruits resched ‘pea-nui’ stage and almost oeased
ocomplately vhen the fruita had reached about 90 - 95
per oent length and breadth,

3everal woriksrs have reported that sevare
shedding of young fruits was one of the reagsons for
poor yisld in osshev (Damodaran st al., 1966, Borth weod,
1966,, Dasarathi, 1971,, Pillai and Pillal, 1375),
Similarly ¥aik and Moham Rao (1943), 3Singn (1960),
Srivasthava (1961), Roy a% al.» (1963), Chadha and
Singh (1964 a & B) have reported sush findings in mangs,
Sesuits from the preaent studies ars in conformity with
these findings,

The osuses of fruit-drop that could be identified
in the present studies were thoss resuliing from the
attack of inseot pests liks Tea mosquito dug (Halapsltis
aatonil Sign) and the ipple and nut borer (Ihzlasaptila
Ronropess Meyr) sad certain physiologieal factors like
inadequate nutrition eto, It waa obeorved that these
pests acoounted for 10 = 15 per ocent of the fruit~drep
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cocuring in all the thres stages, Resaining 85 = 90
per oent could be attriduted to other faotors like

the competition for mutrients smong the rapidly
groving young fruits, hot dry vinds blowing in this
part of the year sto, cExanination of the dropped
frauits 4id not show sny fungal infeotion and they
contained kernsls fres from almormal symptoms of deoay
und deformity.

Horthwood (1966) attriduted fruilt-drop in onshew
during the early stages of development to physiologloal
reagons, Pillai and Pillal (1975) observed that inseot
attaok also played an important role in immmature fruit-
drop apart from physiologiosl causes, 7esults fron
the preasent observations generally conformsdi to those
findings, PFurther stulies are required on this aspeot
o findout tho different fastors which are rosponsidle
for the dropping of immature Duite.

The present studies revealsd that higher
proportion of flowering shoots per uniti area, bushy
growih, longer period of the mimed phase in flowering
highar proportion of perfeet flowers, bettsr pollination
oontributing to higner fruit~set and footors helping to



reduce fruit-drop sre the main fastors contriduting
to yield in cashew. ihile some of these faoters
liks the proportion of flowering branches per unit
ares, asx-ratio serve as selsotion indioces, othars
liie fruit-set, fruait-drop ete., whioh can de
manipulated by detiar nutrition, applisation of
plant regulators eto,, are important in inoreasing
the productivity of this important orop.
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SUMMARY



SUMMARY

Studiss on different fastors affecting yleld
in cashev wers undertaisn on five year old trees at
the main ocampus of Zsrala Agriocultural University at
Vellanikkara during the period frem Nevenber 1978
to April 1979, 7The results of thess stulies are
sucmarised belows

1, Among the vegestative aharagsters, peroentage
of flowered shoots per unit area of ths tree canopy
wvas found %0 be the most important fastor contributing
to yiela,

2« Tree spread was aleo found to have & positive
correlation vith yield. ihe influence of this character
on yield was not direct but indireet through the former
charaoter,

3¢« Tnere was mo sipnifiommt ocorrelation found
between yield and height of the tres,

4. Pattern of flower opeaning in esshew panioles
wvas found to nave three phases vis,, the first male
phanse, followed by a mixed phage vhich is again followed
by & second mals phase., The duration of thoss taree
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phoses was found Lo be varying in the different trees.
It was found that some trees had only the mixed phase
throughout and that trees yislding above the median
had a longer aixed phase as compared Lo those yielding
below tho median,

5¢ A positive correlation wvas found between
yisld and perosniage of bisexual flowers in the tree,
Among the flowering and fruiting oharaoters affeoting
yiald, this faotor was found to influenve yield muoh
pore than any othsr charaster,

6, Ixamination of a random mumber of bisexual
flowsrs revealed that a large proportion of bisexual
flowers remained unpollinated in nature, 30 laock of
pollination waa found to be one of the reasons for
poor fruit-set and yield in eashew, This was further
oconfirmed from the high fruit-set obtained in hand~
pollinated punioles.

7« Zeosptivity of stigmm was found to be
continuing upto 48 hours after flower opening and hence
it vas not a limiting faotor for seouring high yield,

ne ocupplementing the natural pollination with
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the halp of insect pollinstors like house~flics and
honoy~besa mot vith soms suocoess, HKseping des-hives in

the orchards during flowering season is thersfors aivisabdls
for fasilitating better pollination,

9. Jata on frult-set and yleld indiocated that
there was positive correlation detwean yisld and
psreentage of fruit-set, Bul the yisld inorease wans
not oconmensurate with incresse in the fruit-set dus to
the heavy drop of young fruits before reashing maturity.

10, The intensaity of fruit-drop was found to be
high in the early stages of develepment and it deolined
as the fruite approaschad maturity,

11, Ths osuses of fruit-drop that could be
identified were those resulting from ihe attaok of inseot
pests liks Tea mosquito duy (Halopsliia snianii 5ign) and
Apple sad mut borer (Ihylogoptila panrogems eyr)
accounting for 10 -~ 15 per eent of the tota)l dropped
fruitas. The other important fuctors inwilved in the
fruit=drop are yet Lo be identified,

12. There vas no significant relationship between
yield and mean weight of muts harvested.,
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Appendix -~ I, Weather data (monthly ave. ) for the pericd
m:thnhtmu!hnhim e

Total Sune-
Month Tempera~ Helative (ind~ rain- ahine
BE Sl e G e
1978

Maroh 29,80 6040 10.9 52 9.5
April 30445 69.5 6.4 19,9 9.0
May 29485 715 T2 287.5 15
June 26,15 83.0 503 848,55 3.9
July 25455 84.0 7«9 T90.4 5.6
August 25,80 95.0 9.0 6795 3.1
Septeaber 26,25 79,0 6.4 68,3 8,2
Ootober 2750 T9.5 Ts7 114, 7.6
Novenber 25,20 67.0 1.4 204.,2 9.5
Decendar 26,95 70.5 18,3 43.9 8.9
1979

Jammary 26,35 67.0 21,2 nil 9,9
Pebrusry 28,35 66.5 13.7 22,0 9,0
March 29,50 67.0 12.4 Js2 902

Sources 'B' Jlass Observatory, Msamuthy.
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ABBTRACTYT

Investigations on tiw different vegstative,
flowering and fruiting ocharacters, influsnoing yield
in cashev, were undertsion at ths main ssapus of
Keralas Agriocultural University at Vellaniikarae, I’hu‘
studies were made during the period from Wovember 1976
to April 1979,

Important vegetative charseters studied were
the peroentags of flowered shoots per unit ares of
tree oanopy and the growth paremsters of ihe tree
repressnied by spread and height,

The major flowering snd fruiting oharsoters
studied were the pattern of flover opsaing, percentage
of bisexual flowers, fsoters affeoting pollination,
fruit-set, fruit-drop and the mean weight of nmuts
harvested,

The results showved that ameng the vegstative
sharasters, perdentages of flowered shoots psr unit
area of tree canopy was found t0 be the most important
fastor, contriduting to yisld, Tree-spreald wvas also
found 0 have & positive correlation with yield, The



influencs of this charestier on yield vag not direct
but indireotly through the formcr charaoter, Thoere
vas mo signifiosat sorrelstion betvesn yield and
height of the tres,

Pattern of flowsr opening in csshev panicles
was found t0 have three phases vis,, the firat male
phace followved by a mixed phase whioh is sgain followed
by & second male phase, The duration of thess thres
phases wvas found t0 be wearying in the different trees.
It waa found that some trees had only the mixed phase
throughout and those trees yislding above the medisn
had a longer mixed phase as compared to the irees
yielding belov the median.

A positive correlation was found between yield
and parcentage of bisexual flowers in the tres, Among
the flovering and fruiting sharseters affeoting yisld,
this factor was found to influsnse yiseld much more than
sy other charseter,

Sxamination of a rendon nusber of bisexual
flowers revealed that s largs proportion of bisexual
flowers remainsd unpollinated in mature, 3o,lsack of



pollination vas found 8 be one of the ressens for poer
fruit-set and yield in sashevw, This wvas further confirmsed
from the high frult-set odiaimed in the hand pollinated
psaioles, Reoceptivity of the atigm was found to be
contimuing up for 48 hours after flower opening snd henoe
it vas ot & limiting feetor for seouring high yisld,

Supplessnting the natural pollination with the
help of insect pollimators et vwith some sucoess, KZseping
bes-hives in the orohards &uring flowering seasen is
advisable for facilitating better pollination.

A positive gcorrelsatisn oould bde observed detween
yisld and percentage of fruit-sst dut the ultimate yield
wvas found to be adversely affsoted by the ssvers shedding
of young frults before resching saturity.

The intensity of frult-drop was found w be high
in the early stages of developmsnt bdut it declined during
the later stagss. The eauses of fruit-drop that could
be fdentified were those resulting from the atiask of
insect pests, adverse climstis conditions eto,

Studiss d4i4 not rewvesl any signifiocant csorrslation
betwesn yield and msan wight of nuts harvested.
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