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IRTRODUCTION 

Cashew <_'ardis 2Sci4entale L.) 1s considered 

a8 one of the 1mpQrt.ant gifts of the Hew World to the 

Old World. It is a native of tropical belt of Eastern 

Brazil. It is believed that cashew was introduced 

to India in the sixteenth c:entury mainly for the 

purpose of checking soil erosion. But gradually it 

established 1 t.aelf as an important cOl1ltlercial crop. 

Today caah8WJIut is one of the JIIOst preatigeous export 

i tams of our country. The other 1laportant countries 

where cashew is commercially cultivated are Braail. 

Of late it is seen 

that more and more countries are tak1ng up cashew 

cul ti vation. 

Cashew is grown mainly for its kernels which on 

roasting have a pleasant taste and flavour. It is 

highly nutritious also. Cuhewnut is the most popular 

eCl1ble nut and has admirer. allover the world. In 

India, the extraction and processing of nut is an iIIIportant 

industxy 9'1 v1ng employment opportunities to over one 

and half lakh persona. Cashewnut shell liquid, a 

by-product of the proce.sing indust.ry. is a raw 

material in paint. chemical and water-proofing industries. 

Cashew apple is a rich source of vitamin C and minerals 



and can be utiliseel for the preparation of various 

products 11ke .1-. Jelly, chutney. soft drinks and 
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also alcoholic ~r.q... Extensive research activities 

for flndinq out meth0d8 of effective preservation and 

economic utilisation of cashew apple are in progress 

in various centres. 

It is gratifying to note that India 1s the biggest 

exporter of cashew kernels in the world market and 

has been enjoying the monopoly in the supply of cashew 

kernels till recently. During 1983. export of cashew 

kernels amounted to 35~ 69' metric tennea earning 

Rs. 131.71 crores of foreigD exchange. In addition to 

this. export of cashew shell lic,;u1d has earned another 

b. 1.75 croru (The Cashew Export Promoti.on Council. 1984). 

However other countries are strongly competing with India 

and consequently recent trend of events indicate 

that. we are slowly loosing our monopoly. Of late our 

aaehew industry is facing a very serious set back 

from the noa-availabili ty of raw materials. Cashew 

industry in India haa been buJ.l t up from the very 

beginning. depending mainly on the imported raw nua. 

East Mrlcan countries are the main suppliers of raw 

nuts to India. Now theae countries have established 

their own mechanical processing units and as such 

India aan no longer depend on tn. for raw nuts. 
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In other words we ha •• to produce our own raw materials 

for sUppOrt1no the iDdusUy. OUr annual production 

of raw nuts for the year 1981..a2 is eatJ.mated to be 

1,95, ,.0 _utc tonn.. (D1rectorate of Cashewnut 

Development, 1983) whiCh 1s only 25 to Ie per cent of 

the requirement of our industry. 

The demand for caah.ewmat 1s 1ncreasing day by day. 

It has been officially estimated that India should produce 

about 4.5 lalch tonne. of raw nuts annually, if it haa 

to maintain tta present position in the trade and to 

ensure employJllent to the workers 1n the iDdustry 

COnSidering the above situations, 

the need for stepping up the average yield of cashew 

tree assumes great importance. 

In India cashew i8 a, aeglected crop of the 

marginal landa which are inherently very poor in 

fertility. In spite of its iJaportance in Agricultural; 

industrial and above all, coaRercial economy of our 

country, cashew 1s not receiving adequate dttention. 

This is very well illustrated ,by the very 10\<1 per 

hectare yield of 314 kg realised in our country. 

CUl ti va ti on in marginal infertile land, lack of proper 

management practices ad.opted by growers, inadeqUate 

research support etc, may perhaps explain the low per 

hectare yield realised in India. Low fruit set under 

natural conditions and high premature fruit drop are the 



11mi ting factors for obtaining higher yields in cashew. 

Tbe situation. which 18 Yery serious at the moment, 

has to be improved. In order to understand the factors 

t.hat stand 1n the way of reducing the yield of cashew, 

the present study was taken up with the following 

objective •• 

1. To study the antheai. in cashew with particular 

reference to various climatic factors. 

2. To eYaluate ~t of fruit set taking place in 

cashew UDder naturally pollinated condition and 

1:0 find out a methodology to increa .. the fruit 

aet. 

3. To find out the role of different pollInating 

agents such as wInd, water, insecta etc. in 

effecting pollination in cashew. 

4. '1'0 find out the ~uantUlft of available pollen in the 

atmosphere and the isolation distance for cashew. 





RBVIEW OF LITERATURE 

Research on a&8bev in India wa. started nearly 

three c1ecadea back. However. little information is 

available on the •• pect.a relating to 1 ta anthesis. 

pollination. fruit set and fruit drop. An attempt 

is made here to bring out a br1~ revi_ of the 

available works in cashew on the abo". aspects. In 

order to project the real picture, work done OD other 

allied crops 15 also included in the review. 

1. Flower opening agd "Y pA'Uc."; with sA1mat ic 
fgtog_ 

Studies conducted at various research stationa 

showed that there existed considerable variation in the 

time of openiftg of both male and hennaphrod1te 

flC)Wttrs and this could be attributed to the different 

environmental conditJons existing at each location 

(Damodaran .t1 Al.. 1966) • 

1.1 fttttga Of flowu: smtalpg. 

Pavi thran and Ravlndranathan (1976) observed three 

distinct phase. of flowering of a cashew panicle. 
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'l'bese were (1) the first male phase during which only 

suminate flowers opeoed, (2) the mixed phase durino 

which both st.am1nate and hermaphrodite flowers opeaad but. 

aostly male flowers, (3) the second male phase during 

which few male flowers only opeDeCS. 



A1ya4w:a1 cad JrDy.u (1957) after studying the 

anthe.i. of staminate and pedeot. flowers reportea 

that staminate flowers opened bet.ween 9 AM and 11 AM 

while bisexual flowers opened between 2 PM and 4 PM. 

Rao and Hasaan (1'51) reported from V1ttal in 

Karnataka that staminate flowers 8tarted opening from 

9 t.o 10 AM and continued till 1 PM. The peak 

anthesis wes between 9 to 11 AM. 

Damodaran a 11 •• (1966) found that under 

Kottarakkara conditions nearly half of the staminate 

flowers opened before' AM and the opening of over 

95 per cent was completed before 11 AM. There wu 
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practically no anthesis of staminate flowers after 2 ~ 

In the ea8e of perfect flowers the peak period of 

.anthesis was between 10 AM and 12 Noon. According to 

Northwood (1960) most of the flowers opened between 

6 AM and 6 PM in Tanzania with a peak opening between 

11 AM and 12.30 PM. 

Studies at Cashew Research Station. Vengurla (1968) 

showed that 50 per cent of staminate flowers opened 

between 9 AM and 12 Noon. Studies at Vittal in 

Karnataka. showed that the male flowers opened from 

01.00 to 11.00 hr. 90 per cent being opened between 

05.00 and 11.00 hr. Hermaphrodite flowers opened 

between 08.00 'to 15.00 hr, 80 per cent being opened 
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from 10 to 12 1\r (CPCRl" Regional Station. V1tt.al, 1977). 

a.aul ts of exper1aent8 conducted under All India 

Co-ordinated Spices and Cashewnut Improvement Project 

at. Kasaragoct. rft'ealed that for mal. flower opening, 

there were two peak periods, before 6 AM and about 

10 AM. '1'he peak periods for bisexual flower openino 

were 11 AM and 1.10 PM (lCAR, 1977). 

According to Ohler (1979) the flowers started 

opening as early aa 7 AM and continued to open until 

around 3 ~ the opening of the perfect flowers showing 

a peak between 9 AM and 11 AM in India and between 

11.30 AM and 3 PM in TanHni8. Ra1 (1919) from the 

cashewnut Ruearch Station, Ullal, reported that the peak 

anthesis was found to be between 9 and 11 AM. 

According to Raju (1979) male flowers COImleDced 

opening before 6 AM both in the periphery as well 8S 

in the inner position of the canopy of foliage and it 

continued till 1 PM except in one type (1(.27.1) 1n 

which the opening before 7 AM was only 3 per cent and 

the period continued t11l 8 PM. The peak period of 

anthesis of male flowers was between 7 and 8 AM and 

that of hermaphrodite flowers was between 9 and 11 AM. 

He found that the t:.1ae span of anthesis of hennaphrodi te 

flowers lasted only for shorter period as campa J ed to 

male flowers. In general. hermaphrodite flowers 

started opening after , AM and continued upto 1 PM. 



1'h1anarajll .IS ..... (1980) observed that the 

anthesls commenced at • AM and oontinued till 10 AM. 

Staminate flowan opened early in the morning than 

the hermaphrodl te flowers. They further reported 

that. after 10 AM there WY only sporadic anth.aie. 

According to the results of experiments conducted 
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at J(asaragod. peak ant:.hesis of male and blsexual 

flowers was at 6 and 11 AM rupectlvely (CPCRI, 1981). 

Nair (1981) reported that the staminate flowers 

started openlng from " AM and contlnued to open till 

.. PM. The opening of the perfect flowers was mostly 

between 10 AM and 12 noon. 

Reports from Vittal showed that peak periods 

of anthesls of male and bisexual flower. were around 

6 AM and 11 AM respectively. 50 &nthesls took place 

in the night hours except ln the early hours of the 

morning, in very low frequencies (ICAR, 1982). 

In mango, according to Bana J.i.l1., (1976) 

maximum 80thesis occurred between 02.00 hr and 04.00 hr. 

1.2 !el't1oDsh1p be'¥"Q tpthe@ls and c~~tlc fastoEI. 

BvanthoUgh studies on the pattern of antnesis in 

cashew vere undertaken ~ different research workers. 

lnfo~ation on the relatlonah1p between &nthesl. and 

climatic factors, 1s found to be .can~. 
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In cuhew. 1D1t1ally. Reo and Haasan (1957) indicatad 

that the cltme~1c aDd environmental factors could 

influence the procus of anth •• ls. Darnodaran ~ A6,., 

(1966) while conducUnq the studl .. on morphology 

and biology of caahew flower. found that the opening 

of perfect flowers 011 the shady side of the tree was 

a little later than that on SUDnY 81de. V_raraghavan 

and Vas.van (1917) studied the influence of rainfall on 

the productivity of cashew and found that high ralnfall 

adversely affected flower opening. According to 

Raju (1919), environmental facto!:s seemed to have 801fte 

influence in the ~ime of flower opening. The slightly 

delayed anthesls of flowers situated within the canopy 

of foliage indicated the influence of humidity and 

temperature on anthes1a. 

The influence of relative humidity and temperature 

on flower opening waa studied in some other fruit traea 

also. Nath and RaDdhawa (1959) In pomegranate and 

Yamdagnl .tl A&,., (1967) in her recorded that. with 

rise in temperature and decreaae in relative humidity, 

the anthesis and opening of flowers were considerably 

hastened. On the other hand in litchi no correlation 

was found between &nthe.1s. temperature and relative 

humid! ty (Chadha and Rajpoot. 1969). Observations made 

by Misra and Bejpai (1915) on floral biology of Jamua 

supported the 1dea that with fall in temperature end 



increase 1ft relati •• bUlltldity the anth .. ! •• u delayed. 

Sim1lar results were obtained by ICuape and flgsl. (1911) 

working 1ft GH18 RIRID. 

2. s-=ratJ.g, _nit." 'nit 'IS pCJ fmit ma • 
Sex- raUo is en iIIIportant factor in the extent of 

fl'Ult set. 

2.1 ll.oy& qowJ:M 

1 0 

Norade (1941) reported 120 to 1100 flowers in each 

panicle. Reo end Hassan (1951) found 21 to 881 flowei" 

in one panicle with an average of 328. Damodaran .. Al •• 

(1979) oount..a a meaD number of 4. flowers per healthy 

1nfloruceace. 

2.2.1 SIx --1'1$.12 

Sex--ratl0 had been reported a8 a factor controlling 

yield 1n cashew. 

Morada (1941) reported that 90 to 99 per cent of 

flowers in a panicle were staminate. while Reo and Hassan 

(1951) observed the percentage of staminate flower. t:o be 

96. Bigger (1960) noted a ratio of '.1 of staminate to 

perfect flowers in caahev. 

Damodaran .& .11.. (19.5) &fUr detailed studies on the 

flowering habit. end aex-ratio of cashew reported that. 

in most of the panicles studied. the flowers that opened 

in ,the early stages ware generally staminate while the 

perfect flowers made their appearance during the middle 

of the flowering period of the panicle. The proportion 
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of perfect flowefe vu found to vary coDS1derably even 

between the panicl_ of same tree. 'lhey observed that 

panicles which emerged earlier in the seaaon had a higher 

proportion of staadDa'te flow.rs than tho.e prodUced 

later 1n the aeaaoa. sa-ratio in cashew was found to 

be influenced considerably by environmental condi tiona 

and certain internal factors of individual flowering 

twigs. According to them the proportion of perfect 

flowers varied from .a low as 0.45 per cent. to 24.9 

per cent in different trees. However the fact that 

some of the trees consistently produced a higher proportion 

of perfect" r flowers u compared to some others growing 

uDder the same environm.errt. suggested ae»-ratio aa an 

inherent tree character. 

Studies at Cashew ~earch Station. Vengurla (1968) 

showed that the average ~ta9. of bisexual 

flowers wu 11.2. According to the observations made 

at. CPCRI, Kasar&9Od (1916), in early se .. on panicles, 

the proportion of bisexual to male flowers ranged from 

112.7 to 1.252 while in late season panicles it ranged 

from 115.5 ~ 18498. Pillai and Pillai (1975) reported 

that staminate and perfect flowers in the inflorescence 

bad generally a ratio of 10.1. 

CPCRI (1979) reported that of the innumerable 

number of flowers produced by a cashew tree. lesa than 

10 per cent were perfect.. 
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XUmaran .& Al... (19'79) obtained a wide variation in 

the proportion of male to b1sexual flowers a8 1.1 •• 

to 1.218.8. They further noted that .3 per cent 

ace ... ions came in ~e range of 1.2 to 118. 

Accord1ng to Raj. (1919) the percentage of 

naJ:maphrodlta flowers WfUJ 22 t.o .. under na1:Ural condition 

and growth regulators at different aoncen~t1ons 

influenced the percentage of hermaphrodite floweree 

cashew flowering appears in two or three dist!'llct 

phase. and those appearing 1n the intermediate stage 

are generally the most productive one. 

'l'biRmaraju at al.. (1980) obtained a ratio of •• 0 

staminate. 40 hermaphrodlte flowers. 

Aahok and Th1nlnaraju (1981) obs.rved that panlcle. 

produced ln the lower position of the tree were found 

to have slightly higher percentage of hermaphrodite 

flowers than those produced in the middle posi tioD 

of the tree. Humber of hermaphrodite flowers recorded 

as well as the ratiO of male to hermapbrodi te flowers 

.... recorded ~ the low •• t 1ft the panicles emerged from 

two months old shootll. 

Chakravar1:.y Sl .... , (1981) reported that the ratio 

of male to he~aphrodite flowers vas found to be the 

maximum in the south and rnJ.nJmum 1n the .. at. 

Fluctuations in the~·f'ttw.r;~cld1fferent sides of the tree 

could be ascribed to e£fect. of light. and tanperature. 



Studies conducted at Vl1:tal. indicated that the 

ee»-ratio elCpreeaed as percentage ot bisexual flowera 

over total flowers ranqe4 fJ:Om 1 to 42 (lCAR, 1982). 

In the cu. of Mango, (Variety - Daaherl) Singh 

(1960) reported that the average percentage of 

hermaphrodi te flowers and the sex-ratio were 43.99 and 

1.37,1 while for Langra. it wa. 60.82 per cent and 

0.6411 respectively. SiDgh (1964) found that .. 

percentage of hermaphrodite flowers varied from 0.74 to 

77.9 depending UpOD variety and environmental con4itiona. 

The sex ratio vas a. high ae 13311 or as low as 0.4511 

in certain varieties. The variation in the number of 

male and hermaphrodite f10_%'3 per panicle was also 

governed by the age of the tree and earliness or 

lateness of the emergence of the panicles. It. had beea 

observed that trees of higher age group had a higber 

percentage of hermapbrodi te flowers per panicle than 

that of the lower age group. 
,,:YV w ... jk..,.) 

Murthy .!l Al., (1979) reported" the percentage of 

bisexual flowers as 4.57. Rai (1979) observed that 

nearly 96 per cent of the flowers were stam1nate vhile 

only four per cent bisexual. OUnjate .Ii .... (1983) 

observed that the percentage of hermaphrodite flowers 

and frW. t set. were greater in late than in early flushes. 



Ipfl»epst " IRratio 09 Yield. 

Rao and Haa_ (1957) reported that the yield in 

cashew depended largely on the proportion of hermaphrodite 

flowers produced in the panicle. Damodaran & .!1.# (19'5) 

observed a weak posit1ve correlation between the number 

of hermaphrodite flowers and yield of cashew tr .... 

Contrary to thi., stUdies conducted by Gopikumar (1978) 

revealed that there was no correlation between ~ratio 

and the yield of tree. Simple correlation analysis 

by Par&~swaran (1979) indicated a positive correlation 

between yield and percentage of bisexual flowers. 

In l-lango# Naill and Reo (1943) reported a high 

positive correlation bet.ween the percentage of perfect 

flowers and the number of fruita carried to maturity. 

Rao and Hassan (1957) working in the west cost 

of India recorded t~at in cashew, fruit set was only 

three per cent. of the hermaphrodite flowers# while 

Bigger (1960) from Tanzania found that 10.·2 per cent 

or the he.z:maphrodite flowers produced mature fruits. 

Damodaran .IS, .... , (1966) reported that fruit. set in 

cashe\",r became ev~.de!lt after about seven days/:);>ollinat1on 

as indicated by the swollen ovary being visible above 

the corolla CUP. According to him the final recovery 

was only 4 to 6 per cent of the he~aphrodite flowers 
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.. aO'ainst 3 to 20 per cent recorded from CPClU (1915). 

Pi1l81 and Pilla1 (1975) noted that nearly 8S per cent 

of the fru.1ts were luti1ized and out of 'th1s only 4.2 

per cent lMre carried to maturlty. 

In casbew there seems to be considerable variation 

in the percentage of fruit set. year after year. Reports 

from Mannutby (ICAR, 1978) sbowed ithat nuts harve.ted 

was 1.63 per cent of the total bexmapbrodi te flowers. 

In the next year when the same experiment was repeated, 

it was found that in open panlcles 4.67 per cent of the 

total he.rmaphrodi te flowers were carried to mawri ty 

( lCAR, 1979). 

Thimmaraju .!.l .al., ( 1980 ) obtained an lni tial sat 

of 48 per cent from natural pollinatIon. 

Panda and Pal (1981) recorded an lnl t.1al fruit .at 

and frult retentlon as 10 per cent and 8 per cent 

respectlve1y. 

Studies at Vlttal revealed that the fruit set 

percen tage over total hermaphrodite flOY18r8 ranged 

from 0 to 29 (ICAR. 1982). 

In mango, aceordinq to Ha1Jc and Rao (1943) only 

13 to 28 per cent of the bisexual flowers initially Bet 

frults and from thea. only 0.1 to 0.25 per cent reached 

to rna turi ty. Fru1 t ... studie. in Mulgoa mango revealed. 

that the initial fruit •• t was very low and ranged from 

o to 55 with a mean of 11.25 inl ts per panicle. 'lb. 
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ul ~1mate rettent,lon o£ fruits observed over the 1n1 tiel 

.e1: was only 1.35 per cent (Xalyanaaundar_. 19'.) • 

In Alphon6c variny" Gunjate.& Al •• (1983) obsened that. 

the fruit set ranged f~ 0.'1 to 0.67 per cent an4 

of the set f~ta oaly 5.7 per cent were harve.ted. 

Ina4equate pollination is supposed tx> be one of 

the reasons for low set:. in cashew. since a higher 

percentage of fruit 8" hu been reported in cashew 

after hand pollination. 

Rao and Ha •• en (1951) did not find pollination in 

c •• hew to be very efficient and they were able to increa.e 

fruit setting by .ruf1c1al pollination, which was 

supported by Kumar • .t1 .11.. (1916). 

Wben he.rmaphrodite flowers were pollinated with 

pollen from t:he same and different 'trees. 55 and M 

per cent fruit set, respeotively wa. obtained 

(Vimala Sl al., 1917). 

Studies conducted at Mennuthy (lCAR, 1918) indicated 

that the peRentage of set could be raised from .. to 56 

under artificial pollination. 

Raju (1979) fo\1D4 that even though an initial .et 

of 82 per cent was obtained 111 type IG.lo-a when 

pollinated artificially, the ultimate yield vas only 

9.61 per cent as against 5.66 under natural condition. 

Hand pollination studies conducted by Parameswaran (1979) 
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r •• ulted 1ft 80 to '5 par cent 1n1tial fruit •• t. H4t 

further repon.! ~~ even though the ultimate fruit 

retention till maturity on the hand pollinated panicl •• 

waa significantly higher 1D number than that on the 

aaturally pollinated panicles, the increase waa not 

commen.urate with the iller_ad fru1 t .et. 

Accorc11ftg to TblMMraju .D .Il •• (1980) hud 

pollination resulted 1n 80 per cent of initial fruit •• t. 

Heavy fruit drop is an 1mpor1:a.nt problem in many 

frui t. trees, causing much reduction in ul timat.e yield. 

Damodaran U .Il., (1966) after making detailed 

observations on fruit. set and development reported that 

a large proportion of the perfect flowers dropped off 

before 'peanut' .tage. The intensity of fruit drop 

v •• heaviest in the early stages of fruit development 

1e., before the fru! t.a att:a1ned a length of 5 DIll. 

Shedding was also found to occur during the various 

stages of deVelopment. 

NorthwOOd (1966a) found that the premature fruit 

fall was heaviest in the first three weeks after 

fertillzation. He had the opinion that early fntit 

fall would have bean much greater if more hermaphrodite 

flowers had been allowed to be pollinated. 

(1911) reported 55 per cent. fruit drop at. the 'mustard' 
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stage and 22 per cent at the 'pea nut' stage. Pillat 

and Pilla! (1915) obsar:ved that out of 84.8 per cent 

fertilized fruJ:t8. eo., per cent dropped away at 

various stag .. of development. The maximum shedcUng 

of 40.1 per cent took place during the 'mustard' stage. 

followed by 19.9 per Gent at 'pea nut' stage and the 

rana1ning 20.4 per cent at later stage •• 

Parameswaran (1919) showed that the relative 

influence of percentage of fruit drop on yield was 

greater than the relative influence of percentage of 

fni t set.. So the u1 t1mate yield from cashew was found 

to be adversely affected by the heavy drop of young 

frul ts before reach1nq maturity. The intensity of 

drop was highest before the fruits attained a length 

of 5 mm (mustard stage). The Intens1 ty of drop was 

found to be low in the later stages when the development. 

vas very slow. and It fall suddenly as the frul ta reached 

• pea nut' stage and almost ceased completely when the 

fruita had reached about 90 to 95 per cent of 'their size. 

According to Raju (1979).66 per cent of fruiu 

dropped in the hand pollinated groUP. whereas under 

natural conditions tlle dI'op vu only 1.49 per cent.. 

The drop vaa maximum before • pea' stage. 

As far aa mango 1. concerned Nail<: and Rao (1943) 

reported that. the first. two weeks after fruit. set muat 

be considered .. the mos", iInport.ant period from the 
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point of view of , .... t .becMiDg. Sl8gh (1960) st1.id1e4 

the extent of fru1t ckop 11l two mango varieti •• -

Dasberi and Laagn. D"I.d:t dI'Op from the panicl.s varied 

from 95.t9 to t,.e per cent and 98.1 to 99.08 per cant 

in the two varieties rtNIpectJ.vely. Fru:1.t shedding was 

heavy during the firat 'tb.r: .. ~8 of fru! t flHtt and 

continued upto fifth tMek. The drop of small fruits 

upto 0.5 an wae heavi •• t in Daaberl and those upto 1 .. 

was P.q11ally heavy 1ft Leftgnl. 

8r1vaetb.". (1961) recorded three wa'Ye8 of fruit drop 

in mango. th., largest occurr1ng 1ft t.he first thr .. weelca 

after fru.1t. Nt.. 8iJd.luly aceor4ing to Singh and 

AJ:ora (1963) fruit dzop wu most serious during the first 

four weeks only. 

According to Qladha aDd Singh (19M.) the rate of 

frul t drop in mango ,.,.. very high in the ln1 1:141 stage. of 

fruit growth whea the dIn'elopaent we. very rapid. 

The rat:e of tkop fell OI"adually .. the fruJ. tal reached " 

8ubSUnt!al 81_ Nld alJltmJ't ceased ~let.ely when the 

frt11 ts had reached aboUt to to 95 per cent of their 81 ••• 

They further reponed that th.,. beanut 4J::op los.. were 

caueed by the May &:op and only .oll'ta1:y fruita fell 

after w1nda. There wee ll1:tl. cU.fference in the raUt of 

fni't drop bewean 10 tIa4 20 yeen old trees. The cb:op 

during day hours was nearly do_Ie thai: during a1ght 

hours (Chadha and .tagh" it ... ). 
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JCalJ'~ (1974) while studying the fruit. ckop 

in Ma1908 mango fowa4 that. out of 225 fruita .et initially 

oaly 51 fruita ..... , PNlHlDt. in the following week and 

thus there vee • Mfth 4I:op of 11.32 per cent 4urift9 the 

first week. Out of tbe total fruit ck'op of 98.65 per 

cent recorded for the _t.1n period, 95.14 per cent of tme 

drop oc~ duriftQ the first three weeks. 

Gurlja ....... , (1983) nported 94 per cent fruit 

drop in Alphonso maDqO. 

Several workers had attributed different reaaona for 

the low fru1i: •• t and high fruit dJ:op values in CUh.,. 

A Cleap knowledge of the facton responsible for the ••• is 

necessary for applying meuur_ to increase fru1t .et aDd 

reduce fruit drop for maxS-'.tng the yield. 

Addicott and Lynch (1155) tepOr1:ed that fruit drop 

was influenced by an ebaciBl.I,tz.:..;; mecheni_. AmOng the 

external factors contJ:olling this mechanism, reports 

had been .,sUy on tanperature and moisture status of 

the 8011. Hormones were ntributad to IA IROsUy 

r •• ponaible amoftg the internal faotors. They further 

suggested that the relative balance between aUXins or 

gibberellJ.na and alHel .. i.n could dtt'termlne the retention 

or absci •• lon of fruit. 

Reo and Ha •• an (1951) 8uggeated that inefficient 

pollination wee one of the X.801lS for low fz:uit .et and 
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yleld ln caahew. Acaord1ng to Bigger (1960) 1D 

s. TeDlUmia lt:. ...... that flower producUoA, polliDaUon 

and fruit set.u.g wttre .ffieleat and did DOt no.r:mally Uait 

yield. 

Leopold ad xn .... n (1964) 8Ug-geated that fntit 

drop was a result of 1dle low endogenous auxin content of 

the fro! u. He alao stated that the ~licat:Lon of auxin 

generally controlled the lomatioD of abscisa10n layer in 

fru1ta. 

Demod.aran • .tl.. (1916) found that a large proportion 

of the perfect flowera 4J:oppeCl off before 'pea. mR' .tave 
either due to lack of pollination or due to natural drop. 

On the other baJad, lfOnIlwoOd (19 ... ) was of opinion that 

pollination was DOt. • factor limiting yield in cashew 

s1nce premature fxult fall was heaviest in the first three 

w .. les of the 4evelopment. Rao (1914). also had reporUd 

that lack of adequate pollination 1n nature waa one of the 

r_sons for poor fzu1t ae. ill c:aahew. 

According to Pillai and Pilla! (1915) there was a 

high percentage of iaaature fruit drop in cashew caused 

by insects or other facton. OUt of the total herme.pbrocUte 

flowera 20.21 percentage of f.r:u1ta 4I:opped due to insec:t 

attack and •• 40 dropped due to any factor ranging fJ:Om 

nutritional imbalance to defective metabolism. 

CUhew beiDg' a highly cz:o.s pollinated crop. it 

require. some pollinating agents for successful pollinatioa. 
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The low percentacJe Of frut t set was 81 tber due to lack 

of sufficlent. polltaat1ng agents or due to lack of pollen 

ltaelf (lCAR. 1"a). 
Studies conat.tcUid by Parameavaran (1919) clearly 

Indlc.~ that a large prQPOrtlon of blsexual flowers 

remained unpol11aa~ He then sugge.ted that evaD 10 

tree. prodUcing a feirl,. high proportJ.on of bisexual 

flowers, it won't ))e fully reflected on the ultimate yield. 

He further identified that attack of insect peat. 11k. 

T •• mesqui_ bug and apple and nut bor.r accounted for 

10 to 15 per cent of the fruit drop occurrlns in all 

the three stages. ReIDa1n1ng 8S to 90 per cent could 

be attributed to other factors like the competition for 

nutrients among the rapidly growing young fruita and hot 

dxy winds blowing 1D 1:hia part of the year. On 

examination of the dropped frw. ta, he was not able to 

detect any fungal iDfecUoIl and they contained kernela 

free from abnormal aymptoJu of decay and. deformity. 

Subbd.ah and Bal.s1mba (1980) while studying the 

physiology of tmmature fzult abaci •• lon in cashew obserYed 

that peroxidase and cellula •• activities incr .... d 

during fruit drop 1n absci.sion acne and thls was 

enhanced by ei:hylt1D8 appllcation. The locallzat1ol1 

of peroxida... aroUftd the absci.a1on sone in the inmature 

and mature fruit pedicel further eonflxmed the X'Ole of 

'the.. enzymes in abaciss1on. V14hyadharara (1983) had 
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the opiJl1on 1:hat wad_ nat.ural conditions. poll1naUon 

in cashew waa not. vety ef£lclent. 1'a1.1ure of poll1naUon 

(ei ther for WIlt of .-uff1c181'lt pollen in the aa.osphere 

or for want of pollinating agenu) wu one of the 

reasons for poor fruit set 111 cashew ill India. 

Several workers had stUdied the problem of fJ:U1t dIop 

in mango. Wagle (1928) attributed diseases and 1'881:8 .. 

a major factor causing fruit c:trop in mango. while YOUDg 

(1942) was of the op1Dion that ovule abortion and. 

embryo degeneration caused fruit drop in mango. 

Lucltwill (194.) showed that. the periods of active 

hormone synthesis were eaeoc1aUtd w1 th low £ru1 t drop. 

Singh (1954) auogeatad lack of pollination and failure 

of fert111zaUon as reaaona for heavy fn! t drop. W1n4 

stoxms also accelerated the frut. t dJrop. According to 

81Dgh erA Arora (1963) fruit drop in the earlier stages 

.eeted to be governed by the physiolog1cal factors. 

but. 1:cwards maturl ty .1 t was caused almost entirely by 

the physical 4amaqe by birds.. by wind su,rms and by 

fruit c.racldllg. They alae auqgeated that in the earlier 

stag .. , fruit 4rop vas caused by lack of auxirl., Later 

auxin content. of the seed had reached a certain min1arula 

leftl and .. no longer a l1ad.tJ.ng factor in fruit 

retention. The internal .. well as external 

environments of the tt.. aontrolle4 its entire 

me~11sm end consequently affected the synthesis of auxin 



aDd thus fruit. 4np el80. They finally conclUded t.ha:t 

every ~ upectally OM IJlce the mango, which had vary 

h1qb initial fzui't __ ast abed some of the fruita 

initially _t. .... when the aux.1na were not. a 11Ja1t1D9 

fact:or. In aocorcSec:e wtt:h this Chadha and IU.D9h (1""') 

augg .. t.ed that early fruit. drop could even be considered 

• •••• nUal· and ~ireb1. to produc. fruits of de.irable 

sl •• , grade and quaJ,1t'.y. 

S1ftOh (1964) also at.udied the problem of fwit: 4&'op 

in mango. Accord.1a9" tala. apart from the problems 

of sex-ratio. def~ .... pollination might be one of the 

l1mitlng factors affecUrtg fruit set in mango. Ra1Da 

at. the flower1Dg t.1Jae were htghly injurious and ........... 

oaused a total failure of the omp. Pollination waa 

adver.ely .ff.~ beeause of a decr:ea •• in the aaUvl\y 

of the insecta. Q)ntim.te4 moia1: weather encouraged 

heavy attack of hoppers and certain fungi, which cauae4 

heavy shedding of flowers and fruj,te. 'l'h1a reaultec1 

in recluced yield. Bmbzyo abortion might .be another 

f80mr maJc.lng recluced fruit aet. 1n mango. Bmbrr08 

in early st.age_ cU.sintegrat.ed, blackened and sa a ruu1t. 

the frW. U.te dropped at. • very early 81:8qe. Dsop alao 

oceurred of such fruitl.a which had been normally 

fertilised. Some t..tae. abnormal growth of cot:yledona 

might cause the detachment of the entire ellbryo from the 



fuicul.ar region and thus 1 t might get dapri ved of 

ita nutrient supply. ... when there was DO such 

d1sint.eqraUon of the OV~lJ:y. normal f.nJ.tlet8 dropped 

') ~) ..... 

1n huge DUmber in certain varietiea. Althou9h no 

precisec! fac:ttora were known to be responsible for this 

drop, low auxiD and nutrient content might be the 

probable caus.. for this., as their depletion might cause 

imMature formation of absciss10n layer. Beside., 

acUve vegetative qrowt.h during the productive period 

usually resulted in hUge fruit tkop. 

Kalyanaaundanm (1.'.) foUDd that in Mulgoa mango., 

due to ita low initial -t. the fruit drop affected 

the yield adversely. He suggested that the high 

initial drop per cent of 85.54 with 10'" initial 8et of 

11.25 fruita per panicle was peraumably due to 

degeneration of ovule. be.ides competition for nutrition 

between the large DUmber of developing frW. ts 1n a 

panicle. 

The structure of caebw flower is more conducive 'to 

cross polllnation than to •• If pollination (DaI'Iodaran.lS Al., 
1966) and there ex1au 4lvergent opinion regarding t:be 

pollinating agents. 

Reo ana Hasaan (1957) found. that except black and 
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red ante DO other 1a~ were .een to viai t the cashew 

flowera. BlUth (1958) suqg_t.ed that 111 cashew. bee. 

could be used to ~te greater poll:lftation. 

Damodaren .. a. (19.) observed on cashew panicle 

insecta l1lte black aad red ante. the boverfly 

(XUbsDal ""''''''''I). the housefly (1M. ".\&Sa) 
and the common bee (apil &DAle,). However he did not 

rttcognise them .. caahew pollinators. as the insect: 

vi8:1tor8 ........ foUDd to be very few and rAre. 

According to Northwood (19..,) cashew Gowen were 

strongly scented. wb:1ch .ugqeated that insecta were more 

important than wind .. pollinating agent. At flowering 

t:ime. there ware laroer popvJ.ation of flies and other 

winged insecta capable ofac~1nq aa pollinating agents 

and nearly always a large ant population we. aasociated 

wi th the inflorescence. 

Free (1"6) included aUlhew among the tropical 

crope which were benefit-ted from insect pollination. 

The warty and at1cky nature Of pollen grains together 

with the flowers penetrat11tg _11 and attraction 

of remarkable insect life 1.. Agnoloni aDd Giuliani 

(1917), to the conclusion that entoMophilous pollination 

prevailed in l'aDllan1a. An1:8. tlies and honey bees were 

the most commonly noted luecta on ea.ahew panicle 

(ICAR. 1918). 



abattee (1''') reported tha~ be .. and red ante 

were •• en Oft infIor_canee and wen l1kely to be 

responsible for pollinat.t.Dg cuhaw flower. 

In a study coDduct.ed at Mannutby' to find out the role 

of honey beea in the poU1na~D. of cashew. it waa found 

that the open panicle carried , •• , per cent of the 

per6act flowers to maturity wherea. it was only 0.3 per 

cent in panlcles covered with bee proof net U:CAR. 1'79). 

According to Ohler (1''') cuhew flowers ln Africa 

and South America vere often frequented by _y 1nsec:tIJ. 

He augqestea that possibly the ants observed Ol\ 

flo\o18r8 in India were re8pon,atble for & grea'ter part 

of pollinaUon than u8\lft8Cl. 

Parameawaran (1919) auwested that insoot. pollinators 

like honey be.. could be successfully used. to .upplemeat 

the natural pollination in caahew orchards. ' 

RaJ. (1919) aoun4 black aDd red ana visiting 1:he 

flowers throuqb out the day. SilUlarly Th1aaaraju .D ...... 

(1980) recorded that excepUDq black anta (crawliDg 

insect.s) no other lns8CU were observed on oub.., 

inflorescence. 

MallJ.k (1957) 8Ugg .. t:ed iasecta as the main 

poll1nating agents 1D mango. According to hJ.al. mango 

repr .. ented well developed e4&ptatiol'1s for insect. 

pollination. He auqq •• te4 that the sticky n.ature of 

pollengrains at the time of an~.r dehlM_ce favoured 

entellOph11y. According to YOUDg' (1957) aROn.g the 

1aaecu.fU .. vera the chief ft..ito" of mango 11 ....... 
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.Murthy and BaD (1'.3) also had the idea of entalBOpbilows 

pollination 1n JH.l19O. singh (19'.) in accordance with 

the above idea suggested that rains at flowering time 

would interfere with pollination due to sufficiently 

decrea.ed activity of the 1nsec:t8. 

Dufinq 1:he obsenationa mede by Anderson • .11 •• 

(1982) at N. AusUalia. larqe native insect species 

were shown to pollinate mango flowers. The pollinatora 

in decreasing order of ~flclency were waspa, ):)a .. , 

large ante and large flies. Dlptara and the native 

3.1.2. !1Ja.t. 

ObservatiolUl made by several workers. lead to the 

ida. of wind polllnation 1ft cashew. 

Reo and Hauan (1'57) found that very few insecta 

visited the flowers and that wind was most important in 

cashew pollination. ThJ.s was further supported by 

Damodaran ...... , (19") who found that insec::t. riaitora 

ware found to be very few and rare. 

But, aecordiDg t:D IIorthwood (1966a) due to stiCky 

nature of pollengrains they remained attacbed to the 

anther lobes and were not easily blown avey by wind. 

Hence he sUggested that wind pollination was of limited 

importance a8 far as cashew vas concerned. S1lrdlar 

observations were made 1:17 AgaoloD! and Giuliani (1977), 

who found that. cashew pollen was warty OD the outer layer 

and would cling to the anther cavities so that wind could 



DO~ _ally blew it. awey. 

Again UDder All India Co-ord1nated Spie.. and 

eashewnut Improvement Proj~ at. Mannu1:hy it. was fouad 

tilat apart from inSee1:8, wind alllO played an !mportanit 

role a8 pollinating agent (leAR, 1918). 

t.his. seudlea conduct.ed at Central Plantation Crepe 

Research Institute (1981) revealed tilat the chance of 

wind pollination was remote. 

In mango Maheswut (1934) stated that wlnd w .. the 

chief poll1natinq agent. SiDgb (1954 ) found that. 

freshly debiaed pollen grains gOt. stuck to the anthers 

and conseqUently could not be transferred by wind 

and th1l8 it was concluded that wind did not playa 

.1qnificant role in mango poll1nat.ion. 

Mallik (1957) it vas evident that mango had nODe of the 

characteristics of aa-ophllous plant except in the mabel' 

of pantcl .. and flowers. In all the mango varietie. 

studied# the number of male flowers VBS always much 

greater thCln the maber of perfect. flower. which alao 

contained the funct10nal ~. The number of poll_ 

grains was between two and three hundred 1n one poll.sac. 

So there was ebwldence of pollen grains in order to 

compensate for the heavy los8 1D ~an8itioft. £Yen 

though pollen grain8 were at1cky and remained in a ma.a 

when the anthers jut opened. after a few minute. they 

became dry and dust like which was especially he lpful 

for wind pollination. 
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Young (1957) observed very little pollen in the air 

and that pollen gn1ns were too sticky for wind 

pollination. 

3.1.3. .Ilia. 

According to Preaume.d (196'). if there were ra1Jus ait 

the flowering time pollination wae definitely affec~ 

leading to very poor fruit set. In general, adequate 

and well distributed raiDs during the South west and 

North East monsoon periods followed by bright weather 

and occesional showen dur1Dg the summer perlod 

constituted the most favourable climatic conditions, 

desirable for a good fruit s~ and yield in caahew. 

Veeraraghavan and V .... an (1917) also foad that 

heavy raifty condi tiona affected the proper flower opening, 

pollination and fruit .. t.. Bbet.tAle (1919) reported 

that in Goa. there were no rains during tl\e flowering 

.eason of ca.hew and heace rain wa~ could not act. .. 

a pollinating agent. 

Similarly in the cue of mango S1ngh (19M) toUDd 

t:.ha.t rains at the flowering t.1Rle were highly iDJuriou 

and sometimes eauaed a total failure of the crop. 

3.2. foll1gl&&oa 0: "ARId Rapie11'. 

Northwood (19 ... ) found that bagged inflon.c ... 

dld not produce ftuta 1Ul1es. hand pollination waa 

performed or insecta were allowed inside. Studt .. 

conducted at. CPClU (19'5) showed that of 100 bagg'ed 
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panic 1 .. , flve produ.ced one INt each. UDder AU India 

Co-ordinated &pic_ and Cuhewnut lMprovement Projec1! 

it vas found that five pardcl .. which were bagged individUally 

set, in all two fruita (ICAR. 1917). 

Studies of pollination in cashew proved DO evidenee 

of parthenocaJ:pY. Hermephrod1 te flowers bagged 

after ... sculat,ioD set' DO frut ts (leAR. J.t77). 

Pollination studies at CPCRI (1978) proved no evidence 

of parthenoeupy or •• If incompatibility. Studi .. 

condUcted by Raju (1979) on parthenocarpic fruit set. 

had g1ven negative results and hence suggested that 

pollination was essential for fruit .et. 

3.4. Igpompat&b11i$i. 

COntrolled pollinat.1on studies by Damodaran .IS. Al., 

(1966) did not indicate any degree of 981£ 1ncompat1bility 

in cashew, which was further supported by works at 

CPCRI (1981). 

Gunjate .tl11., (1983) found no self incompatibility 

in Alphonso mango. 

4. StUd111 sa wAl,n _81 1p Sil!I atm2!Rbea. 

Air sampling 1s succes8fully employed to study the 

pollen and fungal aporea fOUDd in atmosphere. l*bst of 

the wor'kers condUct.ed pollen dispersal stu~ ;ies aa a meaDa 



32 

1:0 detect the presence of pollen 1ft the atmosphere 

just around the er:op. In£ormation on how far 

B~ea8rul transference of pollen by wind is possible i. 

very scanty. 

Northwood (1966.) studied the atmospheric pollen 

dispersal in cashew by putting a few st.1cky tape traps 

on some tree. to ce*h wind blown pollen. but on 

examination no pollen was se«a. This wpported the view 

that wind pollination was of limited ~rtance in ca.hew. 

This type of stujy was undertaken in other tree 

crops like arecanut. where it was r .... ealed that the mean 

number of pollen grains per .quare cent1met 3'e in the 

alides placed at one foot. three feet. and six feet from 

a spadix vas 1'. 1.9 and 1.' reapecUvaly. 'l'his also 

showed that wind might be one of the agencies of 

pollination ("at. 1961) • 

Studies on atmospheric pollen of guava by Ray and 

Chbonkar (1981) coDfi%lt18d that chanc •• Of pol11nat.1on 

through wind were very slender, because only 1.17 qua". 

pollen were observed per field of the slide smeared 

with vaseline and hung on quava branche. selected 

randomly. J"essy Joseph (1983) by applying the same 

method in jack found that pollen was pre.ent in the air 

samples collected '.rom aJ:OWld the tree •• 
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MT&R1ALS AHD METHODS 

The inv.stigations reported herein were undertaken 

at the Cashew Reaearch &ta~1oD. MedalcJc.athara and 1n 

the Department of Agricultural Botany. College of 

Hortic:ulture, VellanJJckan dur1ftg the period 1983-84. 

A. Materials 

From the cashew gernpla8m maintained at the Cashew 

a •• arch station. Mada'k1ca'thara a type (BLA-l3t/l) 

was made use of for the pre.ent stUdy. 1'hls type was 

characterIsed by short, .arly. ayncnronisad flowering 

habit. slx year old treu of BLA.-139/1 (air layers) 

were uUliaed in the preseat study. All the trees 

include4 in the 1Dv .. t1gaUon were recei vlng UftI£om 

cultural. manurial and plant protteation measure. as per 

the Package of Practices Recorrmendations of the l<erala 

Agricultural University. 

B. Methode 

In order 'to find 0'* the time of flower opening in 

cuhew. the followiDg .xperimeDt was conducted. Four 

tr_ of 8I.A.139/1 were eamarkacl and aeparat4tly 

labelled. In each t.ne tiNa earmarked. flve panicl .. 

of unlfoDt aV8 fac:J.ng d1ft.rttftt directions Via.. Baat. 

W.at., South and North were labelled. N1Dber of male and 

henaphrodite flow ... opened 11'1 each of the panIcles 

thus labelled was counted aeparately and recorded at 

blhourly lnterrals round the clock coanencinq from 1 AM. 
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The flowers alreadF opeaea were removed from the panicle 

after counting. Tb1s exercise of counting " •• s'terted 

from connencement of flowering and continued till completion 

of flowering in • panicle. 

collected. 'the percentage of flowers opened to the total" 

in a panicle. at b1hourly intervals was calculated for 

each panicle and the mean was calculated. 

utJ.l1sing the val ue& observe4 during the entire 

period of opening of flowers in a panicle, number of 

male and herMpbrodite flowers" to'tal number of flowers" 

the .... ratio (ratio of her.mapnrodita to male flowers 

11'1 a panicle) and percentage of humaphrod! te flowers 

to the total flowers 1n a panicle were calcul.ted. 

Data collected fJ:Olll 'the above experiment were 

correlated with .eteorological parameters such .s 

atmospheric temperature, relative humidity" wind veloci~. 

sunabine hours and ra1nfall as detailed below" 11le de_ 

pertaining to meteorological parameter. were collected 

from the recorda of Meuoro1og1cal Observatory attached 

to callege of Hort.1culture, Ve1lan1kkara l /\p\)Cl)J,A. -\ \ 
~, / 

In order to find out the relat.ionship between 

flower opening and atmospheric temperature the following 

procedure waa adopted. ut1lising the val u.a of 

atmospheric temperature for 7.30. 1.30. 14.30 end 17.30 

hr (the above were the t.1IftlDgS at which observations OD 

temperature J8CfI recorded in the Meteorological Observatory) 
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and also 

plotted. ft'OIn thu graph. the t.ttmperature for eaCh 

time intern.l corn.ponding to flower opening wu 

extrapolated. The.. values of atmospheric temperature 

were correlated with the percentage of flowers opened 

at each interval. 

The sarne procedure waa adopted for finding out 

the corre1aUon coefficient "tween the percentage 

of flowers opened and relative humidity. 

'!be ".,loci cy of wind obserred at 8.30 1n the 

morning was correlated with the peak pe.rcentage of 

flower opening for that day. 

Data on sUftsh1ne intenai ty recorded aa hour. of 

sunshine were c::oUeete4 fa:om the recorda of the 

Meteorological Obsar:vato.ry at:taehed to the College of 

Horticulture, VellaniJckara and values of sur.umiae intenSity 

correaponding to a par't1eular interval of flower open1nq 

were CIOMpUted. The •• were then correlated with the 

percentage of flower opening for that particular 

interval of t..1me. 

Data OD rainfall .... 1Dauffic1ent to work out 

the correlation coefficient of the same with flower 

opening since rains received during the flowering 

phase of the crop were scanty and henc. insufficient to 

work out the correlation. 
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In order to f .... out. the extent of frut t set. 

W1der natural coDdit.ioD and also UDder •• sist.ed band 

pollination fou.r_ six yea .. old BtA-139/1 (air layera> 

treea which poe_a.! .. rly, ahort. and aync:lU'onised 

flower1nq were earmarked. Two seu of five panicl .. of 

Wllform aqe MGh faciDg 41fferent cUreet10DB from .ach 

of the four v... wen labelled before the opening of 

even a s1Dgle benaapbrodite flo,'ler in a panicle. One 

set of five panicles waa tmmedlate1y covered by muslin 

cloth baga fitt.ed on light wire frame (Plat. X) and 

the other set. of £1 ve panicles was left uncovered. 

Number of hermaphrodite flowers in each of the aboVe 

pan1cles ... counted wi tholtt injuring ".he flowers, each 

day coamencing from the beglDftiDg of flowering and ending 

with the completion of fLower opening in a panicle. 

Only flowers with pale white peCals were CO\D'lted aa 

the •• flowerston that. 4ay. I'lowers already counted 

were marked at their pei:al Up with the polnt of a marldag 

p8ll in order to avoid duplioation 11'1 counting. Af-..r 

counting, the flowers of uncovered panicles were left 

.a such allowing them to UDcleJ:'go open pollinat,loa. 

Opened flowers in the COWltad panicl.a. af1:er couating, 

were hand pollinated by l'Ubb1ny the stigmatic: surface 

with freshly debi.cad anthers collected from male flowers. 

Adherence of pollen grains on the stigmatlc aurface waa 

confirmed by verif1aat.1.on of the same through hand 1 ... 



Plate 1:. Muslin cloth bag for controlling 
pollination. 
(Original vvlum.e oi the ilaq _ 4121. 25an3) 
(3.14 x 7.Scm x 7.508 x 20cm + 
!-x 3.14 x 7.Sea x 7.Scm x lOam) 
3 



This hand polllna1:loQ waa done _cb day between 10 and 

12 during day, dud.DV which period the peak flower 

opening was obsen'ecl UDdu Madalckathara conditions. 

Number of fruita .e~ 11'1 both the above conditions was 

counted in thr .. .uqea viz •• initial (five to seVeft 

days aftAr pollination), tpearlU1:' _ug. (15 to 20 

days after pol1inaUoa)ud maturity <SO t'D 55 de,.. 

aft.er pollination) and per:oentege of fru1 t •• t to the 

total number of heJ:raaPhrodi te flowers wu worked out 

under both the _1'tUationa. Percentage of fruJ. tat 

reached \lpto 'peanut' _.9'1 and also upto maturit.y 

were again computed talciDq the total number of fruits 

initially s.t. .. the baM. Baaed on th. reault8, 
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tn. ~fect of hand poll1nat.ion on bringing about 

increased f.l'U1t set. vas CORplred with natural pollinat.ioD) 

using SWdent.s • t.' teat.. 

Wi th a view to finding out the role played by 

different pollinatiag agenta liJce wind and water in 

cross pollinating cashew flowers, the followiDg experiment. 

was condUcted. Pour, six year old trees of BJ..A.l3t/l 

(air layers) were aelec:t.«l for the awdy. Twenty 

panicles of ua1fozm age .... ael.ecte4 and labelled before 

the conrnencement of flowering aeparately fJ:oIrt _cb tree. 

Five o! t.l)e 20 panicl.. in a t.ree thus labelled were 

covered with mualJ.n cloth bags fitted to ligbt wire f~, 
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throughout the flowering phaae. Another flv8 

panlcles of the ... vee were also covered by s1m1lar 

baqs but 00"..1119 ..... r.moved each day at. peak period 

of anthea.t.s (10-12 DOGIl) and water was sprayed 

separately on each panicle us.t.n; a hand sprayer and 

800n after spraying they were cove&'8d again. Another 

five panicles of the same tree were subjected. to w1Dd 

pollinat.lon by renoving the bags at the tima of peak 

period of anthes.t.s (10.12 noon). The raaaining 

f.t.ve pan.t.cles were lef't without baqginq allowing tbeaa to 

undergo open pollination. The pe.r:cen tage of fJ:u.t. t 

.et to the total number of b.~phrodite fl~~ in 

a panlcle UJlder Mcb of the treatments was worked out. 

This experJ.m.ent. vas repeated in the three more treea 

of the same t.ype. "aed Oft the data obtained the 

effects of different pollinating agents in br1ng1nq 

about eross pollination 1a cashew were compared usiD9 

Studenta 't' teat. Oba ..... Uons were also macle on 

the various insects thai: Visited _hew flowers durinq 

the experiment. 

In order to find out the quantJ. ty of casbew pollen 

available in the a~apher.. the following field exper1ment 

.... caahev tree. of about 4 III in beight 

a"ailable in the centre of an open u.a attached to the 

Kerala Agricultural Developaent Project (KADP) unit of 

the College of Horticulture. Vellanikkara were made uae 



of in the study. Tbe experiment was conducted durlng 

November to February when strong North East wind 
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currents were prevalent in the area. Ten bamboo poles 

of about flve meters in height were erected on the SOutb­

Western slde of the casbew trees selected for the study 

at distances of 1.3,5,7.9.11,13,1',19 and 22 m from 

the treu# in such a way that the poles were in dJ.fferant 

angl .. from the U- (Plate II). Acrylic sheets of 

30 x 10 am slze were _eared with castor oil on one side 

and these were :fitted to all the ten poles at varying 

heights of 1.2,3 and •• from the ground level in such 

a way that the sticky surface faced the trees. These 

boards were removed 24 houn after fixation and the amount 

of pollen present on the stiCky surface of the acrylic 

board was assessed fJrom four random places of 

19 x 18 mm area. This waa continued. for seven days 

durill<] the peak period of flowerifl9. h'om the data 

collected thus., the quantity of pollen present per 

centimetre square areawu worked out. The main effects 

and interaction of heights and distance. on the amount of 

pollen grains per centimet¥e square were tested us1Dg 

analysis of variance. 

In order to find out the iftteme1ty of hermaphrodite 

flowers in cashew panicle. the following observations 

were recorded from four trees of aLA-l"/1 (air layers). 



Plate II. Bamboo poles erected at different: 
distances with acrylic sheets 
fitted at different heights. 
(Original len9~ of poles • _ 4m 
Distances of the poles from the 
source - 1,3.5,7,9,11,13,16,11 • 2a. 
Heights of acrylic sheet.. from 
ground 1evel • 1. 2. 3 &. 4ml 



Four panicle., faciDg different directions, in each of 

the selected four ~.es were labelled. By holding 

a wire frame of 2 em x 2 em against the panicle, number 

of hermaphrodite flowere, opened on that particular day, 

enclosed by the frame, on a particular plane was counted. 

This was repeated at 10 different randomly selected area. 

in each panicle at the rate of four panicles per tree. 

From the data thus observed the mean, number of 

hermaphrodi te flower:: per sc;uare centimetre area of 

a panicle of a single tree and also the general mean 

\tlere calculat.ed. 
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RESULTS 

Results of observations recorded from the six year 

old BLA-139/1 cashew trees (air layers) of Cashew Research 

Station, Madakkathara on various aspects of flower opening, 

pollination, fruit set. amount of pollen present in the 

atmosphere etc, are presented in Tables 1 to 19. The 

salient features of the results obtained are enumerated 

below. 

Observations on the mean percentage of male flowers 

opened to the total number of male flowers in a panicle, 

recorded at b1hourly intervals are presented 1n Table 1. 

(Table 1) 

The data presented in the above table have revealed 

that opening of male flowers in cashew commenced after 

23 hr and continued upto 15 hr next day. This has been 

observed to be so) uniformly in all the four trees from 

where the observations were recorded. The pattern of 

flower opening was also seen to be uniform for all the 

four trees. There existed two peaks of male flower 

opening in cashew, one between 1-3 hr and the other 

between 7-9 hr. However, the first peak was only 

one third of the second 1n magnitude. 

Observations on the mean percentage of hermaphrodite 

flowers opened to the total number of hermaphrodite flowers 

in a panicle, recorded at bihourly intervals are presented 

in Table 2. 
(Table 2) 



Table 1. Percentage of male flowers to the total male flowers opened at 
bJ.hourly 1ntern.ls (mean of five panicles) 

_______ ........... ______ ... ___ ._n ........ __ .......... ___ .. _ .. __ ... ___ ... __ ....... ,.. ____ .. ___ ..... ____ ... _. __ ...... _ ____. ... ____ ... __ .. _._ •. 
hours o f observation -.... _______ a_ .. ___ ••• _________ *. __ .. ~_._ Id ••• ____ .... __ •• ___ ..... --.. ----- .-

1 357 -- .,. ____ ... _______ I." _. _. __ ..• __ 

2172 12.35 11.08 0.91 -- -- -- --

2173 8.02 10.00 6.&& 43.91 15.92 4.M D.G -- - - -
2174 15.36 5.23 42.78 13.54 4.30 1.08 - - - -
2115 5.80 13.38 15." 3.83 1.18 - - - -___ .al._ •• ,F .1 IE _. .... I _______ •• _. ".9. I Q • ___ * _.,1. n •• t 

' __ a __ ••• ___ ._ ....... ___ -12.71 9.28 15.39 4.48 0.95 -- - - -...... _------_ ...• -_ .. _-- ....• -- •... _---_-.-.--------•• --------._----_., • .,-_.* ------



'l'able 2. Percentage of hermaphrodite flowers to the total hermaphrodite 

fl'.lWers opened at l1.lhourly intervals (mean of five panicles) 

... -.-.---___ .. __ ................... _ •• __ ....... __ ..... _ ... ---__ .......... ,_ .. , ________ • --- -- -__ _ __ - - • ______ • d •• __ 

Tree 
no. 

h 0 u r 8 of 0 b 8 • r Y a t i 0 D _________ ~ ________ ..... ___________ •• ......... IU ___ • a .... _______ •• _ •• 11' •• , 

1 3 5 7 9 11 13 15 17 19 21 23 ....... ---_ .. , I I ••••• I _au a .an • *,-u •• '3 ••• __ I ........ _ n 'I, .. _-_ . ..-. 
2172 

2173 

2174 

2175 
~_It ___ _ 

-- 1.90 

0.33 0.79 

2.73 1.3'7 

1.45 

0.11 

1.4' 

0.19 26.50 55.31 14.73 0.34 - - - -

0.71 33.13 53.06 9.86 0.63 - - - -

0.46 29.34 53.0? 10.29 2.06 - - - -

1.11 20.26 ••• ? 12.18 0.74 - -- - -
____ -..-___ •••• _._ _M ••• ' ___ E ______ .......... __ •• ______ • __ a ••• _. ___ 

1.18 0.63 27.31 55.57 11.77 0.94 -- -- -- --
____ .... T1 _____ ..... ___ •• _ .. ____ a ______ .......................... ~ ____________ ~ ______ _ _11 __ 



The data on the pattern of opening of hermaphrodite 

flowers in cashew have revealed that, like male flowers, 

hermaphrodite flowers also started opening after 23 hr 

and continued upto 15 hr next day. The same pattern 

was observed in all the four trees under observation 

except in tree 2172, where h0rmaphrod1te flowers started 

opening only after 1 hr. In general the pattern of 

flower opening was also seen to be uniform in all the 

four trees. As in the case of ma.le flowers, hermaphrodite 

flowers also showed two peaks of flower opening. The 

first peak, which showed 1.59 percentage of flower opening, 

was between 1 and 3 hr as in the case of male flowers. 

But the second peak was shifted to 9-11 hr where 55.57 

percentage of hermaphrodite flowers opened. In general 

opening of hermaphrodite flowers was negligible before 

7 hr and that was only 4.4' per cent. The remaining 

95.56 per cent of hermaphrodite flowers opened between 

7 and 15 hr. 

The correlation coefficients between the percentage of 

flowers opened at bihourly intervals and climatic fac'tors 

are presented 10 Table 3. 

T (Table 3) 

The calculated values of correlation coefficients 

between the percentage of flowers opened (both male and 

hermaphrodite flowers) and various climatic factors viz., 



Table 3. 

, II 

Correlation coefficients between the percentage of 

flowers opened at b1hourly intervals and climatic 

factora • 

. -.-- ___ I 

.. - .. - ---- -
51.... Climatic factor=; Correlation coefficient • r' 

___ .Wf _ •••••• i.'. __ IT .... ,.,,_._ •• I • ___ 

Male flower Hermaphrodite flower ----- --- 8m •• _ .... t I. 'II •• , ... 

___ I __ 

•• --- .-- A •• ••• 

1. 'l:emperature +0.09 -0.07 

2. Sunshine hours -0.03 +0.1' 

3. RelaUve m.1d1ty +0.09 -0.04 

4.. tUnd velocity -0.11 +0.07 
_ .... _ ........ _ •• __ •• _ .. _ .. _E _______ ~ r .1. ___ .... _____ .. ____ • ____ a .... ___ _ 
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temperature. sunsh1ne hours, relative humidity and wind 

velocity have not revealed any significant relationship 

between these factors and flower opening. 

From the total number of male and he~aphrodite 

flowers in a panicle, se~ratio (ratio of hermaphrodite 

to male flowers) and percentage of hermaphrodite flowers 

to the total were computed and are presented in Table 4. 

(Table 4) 

From the table given above the s~ratio in BLA-13f/1 

had been found to be 112.83 i8 for every hermaphrodite 

flower there are nearly three male flowers. The data 

had further revealed that there existed variation in 

se,x,..ratio even between panicles of the same tree. The 

highest ratio of male to hermaphrodite flowers recorded 

was 1a7.04 while the lowest was 1.1.31. 'l'he data also 

showed variation in s~rat1o between trees. Tree 2113 

showed the highest mean ratio of male to hermaphrodite 

flowers of 113.72 whereas tree 2175 showed the lowest 

viz., 1I1.8S. The same trend had been reflected in 

the case of percentage of heDmaphrodite flowers to the 

total flowers in a panicle. Tree 2173 which gave the 

highest ratio of male to hermaphrodite flowers gave the 

lowest percentage of hermaphrodite flowers of 23.87. 

Similarly tree 2175 had the highest percentage of 

hermaphrodJ. te flowers of 36.30 where the ratio of male to 

hermaphrodite flowers was lowest viz., 1.1.85. Tbera 
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Table 4. Flower COUDt.a and .aa-rat1o 1n cashew 

______ II _______ • _ ••• ________ --... __ •• _. ____ •• , •••• 1.1. I ..... ".,. • •• WL. , •••• 

Tree Panicle Mal_ 
number nQmber flow­

era 

Hel:'lIla- Total 
pbrod1te 
flowers 

sa-ntio 
(HeJ:me­
phrod1te 
to male 
flowers) 

Percentaqe of 
hel'JallphrodJ._ 
flower. to 
to1:al flowers 
in .. panicle 

_____ ••••••• , ____ u. IU •••••••• , rE •• _ M.I._ •••• ______ •••• _. _ ... __ ....... II a. 

2112 

2173 

211. 

2175 

1 
2 
3 .. 
5 
Mean 

1 
2 
3 .. 
5 
Mean 

1 
2 
3 .. 
5 
Mean 

1 
2 
3 .. 
5 
Mean 

179 
180 
187 
189 
229 
192.8 

214 
210 
212 
183 
113 
198.4 

282 
165 
145 
146 
191 
185.8 

235 
QOO 
196 
281 
193 
222.2 

119 
36 
63 

110 
41 
13.8 

69 
121 
54 
2' 51 
66.2 

122 
65 
68 
71 

" 78.4 

145 
153 
83 

110 
143 
126.8 

298 
216 
250 
299 
270 
266.6 

283 
331 
216 
209 
224 
26&.6 

404 
230 
213 
211 
II' 
2".2 

380 
353 
279 
397 
336 
349 

1.1.50 
1.5.00 
112.97 
111.72 
lIS.59 
113.36 

113.10 
1,1.14 
la3.31 
1.7.04 
113.39 
1.3.72 

112.31 
112.54 
112.13 
1.2.06 
112.89 
1.2.39 

1.1.62 
1.1.31 
112.36 
112.61 
1'1.35 
1'1.85 

39.93 I'." 25.20 
3'.19 
15.19 
26." 
24.38 
36.56 
23.19 
12.44 
22.1' 
23.8' 

30.20 
28.2' 
31.,a 
32.12 
25." 
29.1' 

38.1t 
43.34 
29.11 
21.71 
42.51 
M.30 

__ Pi ____ • _______ .... ____ •••• _ •• P ..... _.1111' •• _. ___ •• _. • .. __ ••• ____ • P L 1 __ _ 

199.8 286.1 la2.83 29.1' 
___ ...... .. __ ._IN_ 'M ._._ ... ___ • ____ • ____ .......... _______ •• ......... Z ••• Ft._ 



existed variation in the percentage of he~aphrodita 

flowers between panicles of the same tree. 

In order to compare the effect of hand pollination 

over natural pollination, fruit set studies were 

perfor.med at three distinct stages viz., initial fruit 

set, fruits reached upto • pea-nut • stage and frut ta 

reached upto maturity. The data on the initial fruit 

set (percentage of fruits initiall~ set to the total 

hermaphrodite flowers) obtained in the naturally 

pollinated and hand pollinated panicles are given in 

Table 5. 

(Table 5) 

Data from the above table have revealed that the 

initial fruit set was much low in the case of naturally 

pollinated panicles when compared to hand pollinated 

panicles which were 11.99 and 66.50 per cent respectively. 

In other words, there was significant increase in initial 

fruit setjD hand pollinated panicl(~s compared to 

naturally pollinated panicles. 

Observations on the percentage of fruits over total 

hermaphrodi te flowers reached. upto • pea-nut t stage in 

the naturally pollinated and hand pollinated panicle. 

are given in Table 6. 

(Table 6) 

According to the above table, a meaD percentage 

of 7.29 fruits reacbed upto 'pea-aut' stage 1ft naturally 

pollinated panicles while it was 29.04 in hand pollinated 



Table 5. Initial fruit •• t in the naturally pollinated 
and hand poUinated panicle • 
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...-.. ___ 111 •• __________ ••• Iln. • •••••• __ ••• __ ••• _ ••• " ••• _ .............. __ 

Tree 
number 

Panicle 
number 

PeJ:Oentaoe of loi tia1 fru! t set to the 
total hen1Gphrodi te flowara. obtained 1n the --- .... •• • _____ ••• Il •• __ ._ .11 •• ' •• _ •••••• __ _ 

naturally pollinated 
panicl .. 

hand pollinated 
panicl .. 

........ _____ ••• ___ ....... _.1 ••• In ....... ___ IT R •••• II P .... _.... •• • E __ 

2172 

2173 

2175 

1 
2 
3 
• 5 , 
7 
8 , 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

6.25 
7.25 
7.31 

11.69 
11.16 

12.50 
11.70 
10." 
1'.31 
9 •• 

13.76 
13.1' 
12.11 
12.05 
13.21 

15.17 
13.33 
10.35 
15.00 
13.04 

60.00 
14.29 
71.43 
68.18 
71.05 

71.43 
68.1a 
63.16 
66.67 
62.00 

65.71 
10.00 
52.63 
62.50 
62.07 

65.00 
70.00 
61.07 
".00 
78.57 .. ---....... ---- "a' 1# •• _.. .., ____ 1 •••• _______ ............. I .,. , r ___ _ 

11 •• 6'.50 
• _ ... ___ F. _____ ._ •••••••• 1 •• . ..... __ .. _-_ .. • •• _ al B. _ • 

• 3'.84* 
* Significant at 5 per cent level 



Table 6. Fruita reached upt.o tpe&-nut' stage in the 

naturally pollinated and hand pollinated 
paniel .. 

50 

~_" _______ lP .s •• '_._1111,_ ••• afT .. __ .•• . ._It. J 
.. - •• _- £ I , ••• I ._._ 

Tree Panicle 
number number 

..__-_ b - ....... 
1 
2 

2172 3 
4 
5 

6 
7 

2173 8 
9 

10 

11 
12 

2114 13 
14 
15 

16 
17 

2115 18 
19 
20 

Percentage of fruita to the total he ...... 
pbrodit.e flowers. reached upto tpea-ft{l1!t 
8UgtI in 
_ •••• 1.1. I ••• ' ... , I 

naturally pollinated 
paDJ.clea 

• ••••• _ ••• ___ q 1 •••• _ 

hand poll11lated 
panicl •• 

• , •••• _ •• nl •••• -.r ... __ ..... _ •• __ .... ______ .... _________ ••• _ 

-4.35 
4.41 
1.1' 1." 
'.21 
9.33 
1.C. 
9.'2 
3.23 

9.11 
10.53 
8.51 
8.43 
1.55 

8.70 
8.33 
6.90 
8.15 
8.70 

2'.6? 
28.5' 
14.29 
27.21 
31.18 

21.43 
22.73 
31.84 
33.33 
22.00 

25.71 
40.00 
22.31 
31.25 
31.04 

17.50 
21.00 
24.14 
28.13 
SO.OO 

................ 1 __ •••• _ a Fa a •• F'. ._1 
••••• _, ••• ____ ••• _H ______ • _PI ______ I • 

28.0", __ ... _______ ~_____ ._.' •• 141 ___ •• _ ._._ ••• ____ F • __ ..... ___________ __ 

t -11.00* 

• Significant at 5 per cent level 
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panicles. ~h1s 1Dd1cated that hand pollinatlon vas 

significantly superior to natural pollination. 

Observationa on the percentage of irui ts reached 

upto maturity in both naturally pollinated and hand 

pollinated panicles are given in ~able ,. 

(Table 7) 

From the above table 1t is clear th:!t, a8 in the 

case of initial fruit set an0 percentage of fruita 

reached upto 'pea-nut- stage, hand pollination resulted 

1n significantly higher values of the percentage of 

fruits reached upto maturity conpared to natural 

pollination. The percentagwof fruits to the total 

hermaphrodite flowers reached upto maturity were 5.19 

and 19.98 in naturally polllnatau anC hand pollinated 

panicles respectively. This indic~jtad that though 

the number of nuts reached upto maturi t".i was high in 

hand pollinated panicles, it was not commensurate with 

the increased in! tiel fruit set obtained l::1y hand 

pollination. 

For a more critical eValuation, percentages of fruita 

reached upto 'pea nut' stage and maturi ty over total 

ini tial fru1 t set were oelcu1ated for both nat.ural 

pollination and hand pollination and are represented 1ft 

Table 8 and Table 9. 

(Tabl •• 8 and. 9) 

:e'rom Table 8 it is clear that only 41.74 per cent 
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Table 7. Fruits reached upto maQlri~ 1D naturally 
pollinat.ed an4 hand poll1naMd panW .. 

• _..... •• ._._._. _... • ..... a. 1 •••• _... •• .1.' • 1U l IF. t •• tJ b •• 

Tree Panicle 
number maber 

-- ..... _- I __.. as. 
1 
2 

2172 3 
4 
5 

6 
7 

2173 8 
$) 

10 

11 
12 

2174 13 
14 
15 

16 
17 

2175 1e 
19 
20 

Percentage of fru1 til to total ber:maphrodi_ 
flowen nacbe4 upto .. t:ur1~ 1n 
........... aJa I I II , ••••• d '1. •• ••• AI 1111 

naturally polllnated 
panicles 

• •• • I I a Il;t_ , ..... 
-2.90 

4.41 
4.49 
3.85 

4.17 
6.67 
5.32 
5.17 -
7.34 
1.90 
' •. 38 
7.23 
1.55 

6.52 
5.00 
3.4~ 
'.2! 
'.5: 

" ••• tLI Ib •••••• a.If •• $ •• 

21." 
21.'S 
14.29 
18.18 
•• 32 

1"1.14 
20.00 
1S.19 
25.00 
24.1' 

12.50 
15.00 
13.'79 
21.88 
28.57 

~...-___ ... -.... ____ ..... _______ ...... --.-._ .. _______ _ .... ~ ...... __ .• I.Rl_ 
5.19 ... ___ ... _______ ._._ •• ~ ___ • ua ______ b_ ... _ .. _ .... _ ....... ,. ____ ,. __ ., .. 

t • 12.99* 

* Significant at 5 per cent leval 



Table 8. 
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J'rui ts reached upto • pea-nut • stage expressed 
.. percentage to the total 1n1tial fruit •• ~ 

1D naturally pollinated and band pollinated. 
paniel _ 

_ •• LEI I .1 ••••• _ L t .1'" J.Z.. _._ l ••• 8,. II • If •••• _ ••• F 

Tree Panicle 
n.aer mnber 

Percentage of fru1 ta reached upto pea-mt~ 
stage over total iniUal fX'U1t .set 1ft t:lMl 
• II F PI •• n • , ....... " •••••• 

naturally pollinated 
panicl .. 

• ••••• It • .,. _____ __ 

••••••• n 
••• ,*_ •••••• E._a •• Pt' = _____ .. __ ...... _ ••• __ ....... ___ b 

r ...... 

1 - 44.44 
2 60.00 44.44 

2112 3 eo. 00 20.00 
4 68." 40.00 
5 ".61 "4.44 

6 50.00 30.00 
1 .,.50 33.33 

2113 8 '3." se.33 
9 55.5e so. 00 

10 33.33 35.4' 

11 M.61 39.13 
12 80.00 57.14 

211. 13 66.6'7 42.50 
14 70.00 50.00 
15 5'.14 SO.OO 

16 5'.14 26.92 
11 '2.50 28.5' 

2175 1e ".6' 38.at 
19 58.33 31.50 
20 M." 63." 

______ • I ____ ~ ___ .. I.b "' __ ~I _______ • ____ ._1 ............. . 
Mean 59.'. 

.... _____ .......... ___ •••• , ••••••• _ ......... 1.1 I I __ 1 •••• ________ _ 

t • 3.84* 
* Significant at 5 per mant level 



Table 9. 
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Fruita harvested. expressed u percentage 

to the total 1nltJ.al fruit .et in naturally 

pollinated and hand pollinated panicl .. 
.....-.._. L t ______ •• _._, •• I ••••• •• a •• _ ..... __ • ___ ••••••• 8. ____ _ 

Percentage of frul t. harvested over tet:al 
Tree Panicle lnl tid fruit set in the 
number mabel." ~~turai.i;·;;iit;:;~--... ·-"--.. h-~--.. d ... -.. ;o---'--1--1--1-;'--"';'_·"--'''' _ .. ---

panicles panic1 •• 
__ 1 ba _____ ._ ••••• , U. __ , ••• 1M ... __ ....... I •• ___ Maw •• _._. 

1 
2 

2112 3 .. 
5 

I 
7 

2173 8 , 
10 

11 
12 

2174 13 
14 
15 

1. 
17 

2175 18 
19 
20 

-40.00 
60.00 
55.H 
33.33 

57.1' 
33.33 
62.50 
45.46 
33.33 

-53.33 
60.00 
SO.OO 
60.00 

42.86 
37. SO 
33.33 
4l.67 
50.00 

36.11 
33.33 
20.00 
26.67 
37.04 

30.00 
2'.67 
41.'7 
30.00 
29.03 

26.0' 
28.51 
30.00 
40.00 
38.89 

~ ......... _______ .. ____ .... , •• 1 ___ .Ie.'. •••• ..,._ 11.. R Sl •• , 

30.13 

t • 2.92* 

* Significant at 5 per cent level 
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of initially .. ~ fruits reached upto 'pea nut' stage 

in huna. pollinated panicles while 59.76 per cent of 

initially set fruits reached upto 'pea nut' stage in 

naturally pollinated panicles. These values exh1bited 

a significant difference. It was interesting to note 

that 30.13 per cent of initially set fruits reached 

upto maturi1:y in hand pollinated panicles while 42.41 

per cent of initially set fruits reached upto maturity 

in naturally pollinated panicles aa given 10 Table t. 

Here natural pollination was significantly superior to 

hand pollination both in the percentage of frui t8 reached 

upto • pea nut' 8taqe and maturity, over total ini tiel 

fruit set. 

The observations on the total fruit drop in naturally 

pollinated panicles and hand pollinated panicles over 

total hermaphrodite flowers are presented in Table 10. 

(Table 10) 

Data from the above table have indicated that 

percentage of total fruit drop was high both in naturally 

pollinated and hand pollinated panicles giving mean 

values of 94.81 and 80.02 respectively, which showed 

8ignificant difference. Under natural pollination, 

in some panicles even 100 per cent drop was recorded. 

On the other hand, in hand pollinated }.,anicles 

maximum drop was 87.50 per cent. 
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Table 10. Total fruit drop :1n naturally pollinated 
and hand pollinated panicles (as percentage 

to total hexmaphrodi te flowers) 

__ • ____ •• II •••••• _...... ._. 1 .... __ .... ---.------, .... 
Tree Panicle 
n\1ftlber nunbar 

Percentage of total fruit dxopped over 
'tot:&l hermaphrodl te flowers 1ft the 

• n 1 I •••• ___ ... ____ • ERr , ...... - ..• 
naturally pollinated hand poll1nata4 
panicle. panicl .. 

_ •••• ___ a.M. ldt 1..... I. hi • • • __ ......... J • I.. • ••••• 
1 100.00 78.33 
2 ".10 78.51 

2172 3 95.59 85.11 
4 93.51 81.82 
5 ''-15 73.11 

6 95.83 78.51 
7 93.33 81.82 

2173 a 94." 73." 
9 '4.23 80.00 

10 100.00 82.00 

11 92.66 82.86 
12 92.11 80.00 

2114 13 93.62 84.21 
14 92.17 75.00 
15 92.45 75.N 

16 93.48 87.50 
17 95.00 85.00 

2175 18 '6.55 86.21 
19 '3.75 78.13 
20 9-1._ 71.43 

~ .. ______ •• __ •• _ ••• a* ___ .... ___ •• 11 ••••••• _ ....... ___ ........ F •• n __ 

Mean 80.02 _u .. .1. ___ •• _ TI •• __ _ 
ill •••• £ n _______ t. ________ IF _. 

t - 12.98* 
* ~ignificant at 5 per cent level 



FOr a more critical comp0rison. fruit drop at 

different stage. viz., hermaphrodite flowers dropped 

before fruit set, fruits dropped between set and 

5i 

'pea nut' stage and percentage of fruits dropped after 

• pea nut' stage both in natural pollination and 

hand pollination are presented in Tables 11, 12 and 13 

respectively. 

(Tables 11. 12 and 13) 

The data presented in Table 11 have indicated that 

in naturally pollinated panicles, heaviecfdrop of 

hermaphrodite flowers occurred before Bet (88.11 per 

cent) while the drop at this stage was much low in hand 

pollinated panicles (33.50 per cent). Thus the 

percentage of hermaphrodite flowers dropped away before 

set in naturally pollinated panicles was two and a half 

times greater than that in hand pollinated panicles. But 

the data presented in Table 12 have revealed that in 

naturally pollinated panicles, the percentage of fruits 

dropped between set and 'pea nut' stage over total 

hermaphrodite flowers was much low when compared to the 

same in hand pollinated panicles. In hand pollinated 

panicles 38.76 per cent of fruita dropped between set 

and 'pea nut' stage while the drop at this stage was only 

nine times lesser (4.61 per cent) in the case of 

naturally pollinated p~clea. which showed a significant 

difference. The increased fruit drop in later stages 
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Table 11. Hermaphrodite flowers dropped before fruit 

•• t 1ft naturally polllnated and hand 
pollinated panicle 

... ___ •••••• ___ .,. •••• , •• 11 ••••••••• _________ •• __ •••• _ ••••• ___ •• 1. __ _ 

Tree 
number 

Panlcle 
n\llber 

Percentage of be..rmaphrod1 te flowera 
dropped before fruit .et in the 
...... t It £. --... ___ ... _____ ....... __ .... __ .... 
nat.urally pollinated 
panicl •• 

hand pollinated 
panlcle. 

_____ • _____ •• __ • ••• rltq._ I a._I ....... _____ ..... __ ., ••• ___ ... ... 

1 9'.75 40.00 
2 ,a.75 35.71 

2112 3 92.65 a8.57 .. 88.31 31.82 
5 88.4' 28.91 

, &'.50 28.51 
'1 89.33 31.82 

2173 8 88.30 36.84 
9 82.69 33.33 

10 ".32 38.00 

11 M.24 34.29 
12 ".84 30.00 

2174 13 87.23 47.37 
14 87.'5 ".50 l' 86.79 31.'3 

l' N.78 35.00 
17 84.67 30.00 

217S 18 .... 3'1.91 
19 85.00 25.00 
20 86.96 21.43 

.......... - I" •••• _ ...... - ___ ••••••• 11 •• ...... • 1 •••••• __ ••••••••• I .1 .... 

Hean 88.11 33.50 .. ----- ••• ---.. _------_ ........ --------- ..... _---- -_ .... 
t - 37.85* 
* Sic!nlficant at 5 per cent level 



Table 12. Fru11t' dJ:'op between •• t and tpea.nut' sta~ 
in naturally pollinated and hend pollinatecl 

panicles 

__ 11 __ .11. ______ ••••• _ •••• 1 __ •• ____ •••• F._. __ .I Ild_ ••• 

Tree Panicle 
number number 

percentage of fruits dropped between •• ~ 
and 'pea-nut' stage over total 
hermaphrodi te flowera in the 
•• I n. '8 • _.llf' •• __ ..... _._. It J.. . ..... . 
naturally pollinated 
panicl .. 

hand pollinated 
panicl •• .......... _ .. ____ * • , ... __ •• Ea _____ J 1 •••• __ ••• ____ .. ___ • • .lA ...... . 

2172 

2173 

2174 

2175 

1 
2 
3 .. 
5 

• ., 
8 
9 

10 

11 
12 
13 
14 
15 

16 
11 
Ie 
19 
20 

6.25 
2.90 
2.94 
3.90 
3.85 

'.25 
1.33 
4.26 
7.69 
6.45 

4.59 
2.63 
4.26 
3.62 
5.86 

6.52 
5.00 
3.45 
6.25 
4.35 

33.33 
35.71 
57.14 
40.91 
39.47 

50.00 
45." 
26.32 
33.33 
40.00 

40.00 
30.00 
30.2' 
31.25 
31.03 

47.50 
50.00 
37.9' 
.1.88 
28.57 __ ...... __ .•. _ .. __ ... _____ .•. 1 T .11_._. __ .... _._._ ... _._r ....... __ 
38.7' 

________ •• _._ ................... __ ... • ....... ____ WId " ___ au ._ f ._ ••••••••• 

t • 17.61* 
* S1~; nif icant at 5 per cent level 



Fru1 t dSDp aft:er ·p .... nut· stage 1n 

naturally pollinated and hand pollinated 
panicl .. 

60 

•• _____________ ...... _. ____ .. .....--........... I t __ I •••• ____ •••••• ______ ••• 1 E. 

Tree Panicle 
number n\l1'lber 

Perconta~e of fruit drop aft.er epee-nu' 
stage to the total herrnaphrodi te flowers 
in the 
• •••••••• aM. __ ._ ••• , ___ ••• __ _ __ .u, •••• __ 

naturally pollinated 
panicles 

hand pollinated 
paniclea 

___ •• .8 , ...... ____ • If. ........ • ... _- ... --... -.. _--..... ---------. 
2172 

2173 

217. 

2175 

1 
2 
3 

" 5 

45 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

-
-1.30 

3.85 

2.00 
2.67 
2.13 
3.85 
3.23 

1.84 
2.63 
2.13 
1.21 -
2.17 
3.33 
3.45 
2.SO 
2.19 

-
-4.55 

10.53 
13.33 
4.00 

8.57 
20.00 
6.58 
6.25 
6.90 

5.00 
5.00 

10.35 
6.25 
21.43 

• _____ •••• _ •• __ ••• ___ 1 .... •• II. kiM ••••• IT ••• _______ •• PI. L I 

Mean ----- _ ... ---.-------_.-.-.. _ -.. ......-.... ..-.-'--.. _-----_.-.. _----
t. • 3.7'· 
* Significant at 5 per cent 1 • .".1 



of fruit development in the oa8e of hand pollinated 

panicles compared to naturally pollinated panicles 

was further revealed in ~le 13. From this 
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table it is clear that only 2.10 per cent of fruits 

dropped after 'pea nut' stage in the case of naturally 

pollinated panicles. On the other hand. the fro! t drop 

at this stage was 7.76 per cent in hand pollinated 

panicles. In general fruit drop after 'pea nut' stage 

was low both in naturally pollinated and hand 

pollinated panicles "'hen compared to fruit drop at 

other stages of fruit development. In natural 

pollination percentage of fruit drop at this stage was 

three times less when compared to hand pollinated 

panicles. 

Observations on the fruit set and fruit harvest 

in completely bagged panicle. are given 10 Table 14. 

(Table 14) 

From the above table it is found that in majority 

of completely bagged panicles the fruit set was nil. 

Only in two panicles out of 20 observed. a low fruit 

set of 1.70 and 2.90 per cent were observed. It 1. 

interesting "to note that the fruit drop in these two 

panicles was nil i.e. all the set fruits reached Upto 

matur1 ty. The mean percentage of in! tiel frW. t set 

and fruita rea.ched upto maturity expressed over total 

hermaphrodite flowers was much low (0.23). 



Table 14. Fruit set and fruit harvest 1n completely 
bagged panicles 
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.. ______ w •• _ •• ____ ............... _dr. ___ .I_._ ... _~ .... _ .... _ ...... ____ ......... I •• 

Percentagfl (eucpre."ad over total 
hermaphrodite fl~Aers) of Tree panicle 

number ml.'l'lber 
._._ •••• d ........ ________ • __ _ -------.-. initial fruit •• ~ 

• _______ ._ ....... _. _______ .8Ift • ft •• ___ _ 

2172 

2173 

21'74 

2175 

1 
2 
3 
4 
5 

I 
'7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

-----
-----
-- " 

1.70 --
-2.90 ---

••••••••• •••••• 

-----
-----
--
--
-----___ ._M_._ .. _. ___ .. ___ . _Ud •. F _. __ E_ ••• b I.f". sa. •• • .t 

0.23 0.23 ---_ ... ........ __ ... _ an .H'. _n. I ••••• £I _.It I ,. __ ._. 
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Observations Oft the fruit set and fruit harvest. in 

water sprayed panicles are given 1n Table 15. 

(TaJ:)le 15) 

The data pres.ted in the above table have revealed 

that the frW. t set in water sprayed panicles was 

negligible (0.05 percen~.). Out of 20 panicl •• 

observed. only in one panicle one fruit was •• t which 

reached upto maturity stage. In the remaining l' 

panicles not even a single fru1 t waa set. 

The observations on the initial fruit sat over total 

hermaphrodite flowers in naturally pollinated and wind 

pollinated panicles are given in Table 16. 

(Table 18) 

From the above table it i8 found that in naturally 

pollinated panicles, 11.89 per cent of fruits were 

initially set while in wind pollina.ted panicles 7.7' per 

cent .et was observed. Thus naturally pollinated 

panicles were significant.ly superior to wind pollinated 

panicles in initial fruit set. 

In order to get an idea about the intensity of 

cashew pollen in the atmosphere. pollen counts per un1 t 

area were made from sticlcy boards at different heights fRIll 

ground level and different distances from the source. 

The observations on this aspect are presented in Table 17 



Table 15. Frut t set'. and fru! t harvest in water 
sprayed panicles 

__ ••• ____ ... 1. ________ .,r. _______ ..... __ .. ___ •••.• __ .. _.r. 

Tree Panicle 
number number 

-----.. 

2172 

2173 

2174 

2115 

• £3 _____ _ 

1 
2 
3 
4 
5 

6 
'1 
e 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

Percentage (elilpre •• ed over total 
hermaphrodite flowers) of 
._ ••• IE ._ •••• F 1"" •• _ ••• II __ _ ______ _ 

ini t:1al frut t .et'. frut t harve.t 
__ •• 11. • ••••• _. ___ ._.. ._ P I II F __ L • 

- -- -- -- -- -
- -- -- -- -- -
- -
- -- -- -
- -- -- -- -- -

___ • _____ nrl.T. _._.** __ . __ I.V .. __ ••• __ ....... •• _____ ., ••••• __ 

0.05 0.05 
.... ___ ..... ___ ....... __ ...... _______ ... _____ ....... ____ ., ...... _ ....... _____ -_. .... __ • • WI ... _ ... _____ _ 

64 
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Table 16. In! tiel frut t set in the naturally 
pollinated and wind pollinated panicl •• 

... ________ •• 11 • 

Tree Panicle 
n'lDber nlRber 

N .• ar. In_._ ... _ ...... _ ...•. _t 2.b •••• • , •• __ _ 

Percentage of initial fruit .et. to the 
total harmaphrodi te flower. in the .1 ... dI._ un ._ •• J ___ •• 1._ •• _ . -------naturally pollinated 
panicles 

wind pallinatAd 
panicle. 

___ I ....... *3 • I •• _ a.a.. ... _._. ___ .... _ •..• ILiIII. __ •• ••• • U Fr •• 

1 1.25 7.41 
2 7.25 6.10 

2172 3 7.35 9 •• .- 11.69 9.23 
5 11.54 4.82 

6 12.50 4.65 
7 11.10 8.82 

2173 8 10.67 9.09 
9 1'.31 6.4' 

10 9.68 6.67 

11 13.7' 7.69 
12 13.1' 6.78 

2174 13 12.77 5.2' 
14 12.05 9.4' 
15 13.21 6.89 

l' 15.11 10.00 
11 13.33 10.00 

2175 18 10.35 7.14 
19 15.00 12.00 
20 13.04 7.81 

-... ------ --------....... --.... ----_ ...... .... , ......... I. • 
Mean 11.89 7.79 

_.-_ •• 81 I .• _._.'_1 ._ •.• 1 ___ •..• 
Ff 

•... __ .- _. 
I' _at ..... • , ..... _-

t • 5.46* 

* Significant at 5 per cent level 



and analysis of variance in Table 18. 

(Tables 17 and 18) 
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From the above tabl.. 1 t 1s clear that there was 

no significant variaUon 1n the amount. of pollen graina 

present in the atmosphere at different distance. 

viz. , 1m, ~ s.. '711. 9Bl. 11m, 1311., Ub, 19m and JaB 

away from the source,6n an average 2.16 cashew pollen 

grains per centimetre square area of sticky surface 

ware present at different distances. Similarly 

at different heights viz., 1m, 2m. 3m; and 4m from 

ground level, the tntena! ty of cashew pollen was not 

varying significantly. Here also an average number 

of 2.16 cashew pollenqrains was present per centimetre 

square area of sticky surface. Further the interaction 

between heights and distances was also not significant. 

Observations on the mean number of hermaphrodite 

flowers (Opened on a particular day) per square an ar_ 

of cashew panicle are given 1n Table 19. 

(Table 19) 

According to this data given above, on an average 

0.098 hermaphrodite flowers or approximntely 0.1, was 

present per square centtmetre area of a panicle of 

B~139/1. 



Table 17. Intensi ty of cashew pollen in the atJnpsi'Mre 

(No. of fertile pollen grains per an'C-) 

____ • F • 'NI-__ ••• 
•• _ •• ~. t.II •• , ••• __ II I _a __ •• '. 8 • 

Heights from the ground level Distance. from 
the trees 

•. I._T .... •• M, F J 

o. r _____ L •• _. __ • ~ 

•• _. -- ' .... ----.-.. -- _ In 
•• 8 •• • n. ft_. r.w_ • ... --- I • 

a __ P. 

•• 

1m 0.84 0.95 1._ 2.58 1.49 
3m 0.13 1.70 1.'1 2.58 1.65 
SID 2.01 1.68 2.65 3.11 2 •• 
1m 2.50 2.52 3.19 2.'5 2.11 
91ft 2.49 2.19 1.07 1.62 1.84 

11m 2.1' 1.U 1 •• 1.21 1.62 
1111l 2.82 2.32 1.83 1.9. 2.23 
1 .. 2.22 2.H 2.S2 '.00 2. 12 
19M 2.61 2._ 1." l.N 2.31 
22m 1.H 4.18 1.95 2.95 2.61 

-

• __ tr._ __. ___ I • I. I • E ______ ••• ," ., ••• ____ ••••• , __ Ii ___ FE __ _ 

.Mean 1.98 
-_ .... _, ------.. ,p--, --.. _ ............ __ ..... , ..... --_.-.... __ ..... ---_ .... -_.-----_-. ......... ---_ •• -- .. • " 



/ 

Table 18. Analysis of variance for the efleet of heights and 
distances on the intensl ty of cashew po.llen in the 

atmosphere 

........ __ ..... ____ ....... ___ .... _r .......... ___ ..... ___ ..... ___ ._, ......... __ ..... __ .... _. __ .. ___ ... __ ...... ___ ...... __ ....... .. 

-Source ,OF S8 
. --- ,. .. ---_ .... - .. _------ • 

Dist.aace 

Height 

Intera.ction 

Error 

Total 

9 

3 

27 

240 

219 

55.65 

93.49 

98.19 

1131.31 

------... _____ I F •• - __ • • ••••• ____ _ 

M square P val .... 
...... -. _ .• -_u.a .... __ 11 •••••• 

6.18 

4.131 

1.53 

1.15 

0.86 

-
•• _.1 ______________ . • ._ ••• 

en 
00 



Table 19. InteDsity of hermaphrodite flowers in 

cuhew panicle 
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DISCUSSION 

Observations on the various parameters relating 

to the different aspects of flower opening, pollinat1o~ 

fruit set etc. of aashew have been critically analysed 

and presented in the previous chapter. It now remains 

1:0 discuss the results as a whole so as to draw valid 

and reliable conclusions from the study. 

attempted in this chapter. 

This is 

Cashew, although a native of tropical America 

has become commercially very important in our country 

as well as some other countries like Brazil. Mozambique, 

Tanzania, Kenya etc. Because of its hardy and 

drought resistant nature, it is grown in a wide variety 

of soils under very low management conditions. Absence 

of timely plant protection measures, inadequate 

nutrition, use of genetically poor stock etc. have 

resulted in very low average yields not only in India 

but in other cashew growing countries as well. It 

has been estimated that the average per tree yield of 

cashewnuts in Mozambique is • kg, Kenya 1.5 to 2.5 kg, 

Brazil 2.2 kg and India 1.' to 2.2 kg per year. 'rhese 

recarded yield figures are very low as compared to the 

potential possible yield, a cashew tree can give 

annually. The genetic potential for raising the 

ceiling of yield is clear from the r~rted work of 

All India Co-ordinated Spices and Cashewnut ~provement 



... ., 
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Project sponsored by the leAR wherein it has been 

reported that the strain Vengurla-2 has given an annual 

per tree yield of 43 kg and another genotype 

BLA-139/1" 34 leg per tree. Thus it i5 clear that 

there ex.:I.sts a wide gap between the actual yield 

realized and the potential yield possible. This gap 

has to be narrowed to the extant possible and every 

effczt by way of providing research support haa to be 

given in this direction. This is more so 1n a country 

like India where the total production is only 25 to 

30 per cent of the demand. 'lhus the need for intenai-

fying agricultural researCh on cashew cannot be over 

emphaziaed. 

The obvious solution for the present "cashew 

crisis" i8 to increas8 the indigenous production of 

raw nuts. It haa been officially estimated that 

India should produce 4.5 lakh tonnee of raw nuts annually 

if it has to maintain 'the industry viable (Nambiar, 19'79). 

This indirectly means that our production pc tential has 

to be increased three fold. In this context. 

examination of the factors which lead to the low 

per tree yield realised in our country is really 

pertinent and meaningful, so as to enable us for 

suggesting sui table counter measures for overcoming the 

situation. It is in this perspective that the present 

study assumes significance. 
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Cashew 1s mainly cultivated for its single seeded 

nut "lhieh is the raw material for industry. The 

number of nuts produced by a single tree is the tree 

yield whieh has to be. a8 stated earlier, trebled in 

order to sustain the industry. What are the ways and 

means by which this is practically feasible? 

Availability of large number of fertile flowers in a 

tree, synchronisation of utale and famale phase. in 

the season, availability of suffiCient quantity of 

viable pollen and also pollinating agen"t.s. increased 

percentage of fruit set and reduced percentage of fruit 

drop form the chief pre-requisites for realising high 

yield from a single tree. Let us bOw examine to what. 

extent the results obtained in the present investigations 

are capable of unravelling the factors mentioned above. 

Cashew inflorescence 1s a t~inal indeterminate 

polygamomonoecious panicle in which hermaphrodite and 

male flowers sre borne (Reo and Hassan. 1951, 

Damodlilaran & al •• 1965). Both the type of flowers 

are essential for fruit production. Wher! male flow.,:. 

produce rrale gametes. he~phrodite flowers produce 

both male and female gametes. As such, increa •• 

in the number of h;rmaphrodite and male flowers may 

lead to increas&Lfruit set. Results of observations 

recorded in the present investigations have shown that 

in the type BLA-139/1 under Madakkatbara conditions. 

each panicle on an average possesses 286.1 flowers of 
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wb1ch 199.8 az:e _18 and 86. 3 heJ:maPhrodl te. world.Dg' 

out to a .M-l:aUO of 1.2.83 of hSEmep1\rodlte to 

male flowers. Theee values are in &-Jreement tdth the 

re8ul ts of pntviowl invuUgatocs. Aasum1n<J a mod •• t 

0t3t1rnnte of an avers<)G .f SO panicles per tree. there 

are SO x M.3 • 4.315 beI:nk"1phrod1t.e flowers possible 

and if all the flowen after fertilization reach to 

maturity, e t:I"ee may yield 4,315 nuts which may veigh 

34.52 kg @ 125 medium sl:-:ed nut. per KU. However, the 

actual yield realised is only a portion of the 

theoret1cel yield po.alblc. JIbe reason [;or this, 

as per the preaent investigation. cannot be attrlbuted 

to lack of hermaphrodl te flolM~ prodUced in .. tree. 

81qger (1960) also bad expressed the 8alle op1nlon. 

The reasons for the 10w evor~1e yield in cashew 

have to be sought e1MWbere. 

1be pre-and poat.factillzation drops of 

hermaphrodite flover8 MY adVersely affect the final 

yield. The adverse influence of this factor is 

directly proportional to the magnitude of hermaphrodit.e 

flowers shed. Aa per the resUlts of prasent. study, 

a8.11 per cont eoo 33.50 per cent of hennaphrOdlt.e 

flowers are observed to have been dropped before 

fruit set in t.he naturally pollinated panlcl .. and in 

the hnn~ pollinated panicles respectively. In other 

words, out of evr~ry 100 ha.l'lDi.lpbrod1 te flowers produced 1ft 

a tree. 88 drop off before fruit set. UDder natural 
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conditions, leaving ollly 12 flowers to yield fruita. 

Lack of pollination or lack of fertilization or other 

physiological factors may be the reason for the huge 

amount of early flower drop. However, this will have 

to be strengthened and confioned by further studies, 

and suitable counter measures will have to be chalked 

out for preventing early flower shedding. 

In addition to laroe number of her,maphrodite 

flowers, availability of sufficient quantities of 

fertile pollen at the appropriate time is an important 

factor for pollination. Results of the present study 

have shown that each panicle on an average has 199.8 

male f:lowers and a her.maphrodite to male sex-ratio of 

1.2.83 which cannot be said to be too low or too 

high. These facta suggest that dertb of male flowers 

cannot be considered as a limiting factor for low 

yield in cashew. Further. intensity of fertile cuhew 

pollen is also fairly high in the atmosphere. It haa 

been observed that on an average, there are 2.16 fertile 

cashew pollen grains per square am area surrounding 

the cashew trees to pollinate approximately 0.1 number 

of hermaphrodi te flower~. In other words, there are 

21.6 pollen grains to pollinate one flower. As such 

derth of Ifertile pOllen grains cannot also be 

consi!'1ered to be a limiting factor for higher yields 

1n cashew. 



..... -{ .J 

The intensity of pollen grains in the atmosphere 

observed in the present study is fairly uni.:..orm for the 

entire distance of 22 m from the source involving a 

height of 4 m from the ground level. In other words no 

significant difference in the pollen count could be 

observed either at various distances or at various 

heights in relation to source. As such the isolation 

distance for cashew cannot be worked out based on the 

results of the present study. This \-,ill have to be 

worked out by conducting further investigations involving 

greater distances from the source. 

Apart from the availability of large number of 

hermaphrodi te and male flowers in a tree. synchronization 

of the two phases is also of great significance for 

higher yields. Casbew is a highly cross pollinated 

crop and for higher yield. the male phase should 

necessarily coincide with female phase. In other 

words liberation of fertile pollen grains should 

coincide with the period of receptivity of the atignaa. 

It is also necessary that at this time, the climatic 

conditions should remain conducive for normal 

pollination and fertilization. The pattern of flower 

opening as per the reaul t5 of the present study is 

essentially the same for both male as well as 

hermaphrodite flowers. Both the types of flowers 

start opening after 23 hr and continue to open till 

15 hr on the following day with two peaks, one between 

1 and 3 hr for both male as well as hermaphrodite 

f lowers and another between 7 and 9 hr for male and 



between 9 and 11 hr for hertnaphrodi te flowers (Fig. 1). 

No flo"ler is seen to be opening between 15 and 23 hr. 

This is the picture we get when we consider the 

distribution of flower openJ.ng durinq the 24 hr period. 

When we consider the flowers ., a panicle 8S one 

unit and trace the time of opening of different ~ea 

of flowers of that panicle, we find that the male 

flowers start opening earlier followed by opening of 

both male and hermaphrodite flot'lers of that panicle 

which is again followed by opening of remaining few 

male flowers. In other words the sequence of flower 

opening in a single panicle. in general. is that there 

is an initial male phase followed by mixed phase which 

is (]Jain followed by second male phase (Pavithran and 

Ravindranathan. 1976). Thus lack of synchronization 

of flo\-,er opening cannot be attributed as a reason for 

low yield in cashew. baaed on the results of the 

present study. 

Observations on the relationship of climatic 

factors like temperature, sunshine hours, relative 

humid! ty and wind velocity do not aeen to have any 

significant inflUence on flower opening. Irrespective 

of the intensity of expression of these climatic 

i6 

factors, flower opening is observed to be constant at 

different periods in a day (Fig. 2&. 2b). Thes. findings 

do not fully agree "'ith the results of Hao and Haasan (1957), 
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Demodaran .& .11." ( 1966) and Haj u (1979). 

perhaps be due to the abnor.mal weather conditions 

prevalent during the cashew flo,,!,ing season of 1983-84. 

E'rorn the foregoing discussions it has become 

evident tilSt cashew po .... ses the pre-requisites for 

higher yields .uch ae presence of large number of 

hermaphrodite flow~ sufficient quantity of 

fertile pollen. synch%onlsed male and female phases 

etc. However the fact ren~in~ that insplte of 

presence of all the above factors the yield is low. 

The reasons fur this is to be souyht elsewhere. 

Cashew being a cross pollinated croP. pollination 

has to be effected t!irough agents 11ke water. wind. 

insects etc. CCbmplete absence of fruit set in cashew 

where the panicles are covered by pollen proof bags 

throughout the flol'1ering phase (Plate 111(1») fully 

justifies the cross pollinated nature of the crop for 

which polllnatin..J agents are. no doubt, essential. 

Water as a pollinating agent does not seem to have 

much importance in this crop 1n so far as practically 

no fruit set 1s seen to have occurred in panicles 

sprayed 'iith water at the time of flower opening 

(Plate III(4)~ Wind has brought a fruit set percentage 

of 7.79 dB asair~st 11.89 per cent under na.tural 

pollination (Plat~ III (<3) # 111(2»). 'l,'h1o is indicative 

of the fact that other than wind, cashew has other 



Plate 111(1) Completely bagged panicle 
(Orig1nal length of the 
pan1cle - 16c:m) 

Plate 111(2) Naturally poll1nated panicle 
(Original length of the 
panicle - is. Sam) 



Plate 111(3) Wind poll~nated panicle 
(Original length of the 
panicle - 14cm) 

Plate 111(4) Water sprayed panicl. 
(Original length of the 
panicle • 12.5cm) 
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pollinating agenta, possibly insecta. It has been 

observed In the present study that insects 11ke 

black ants, red ants, honey bees and bUtterflies are 

frequently visiting casbew flowers . These observations 

are in agreern nt ith previous reports of Rao and Ha.san 

(1957), Nor'thwood (1966 a), Bhatt.ee (1919) and Rai (1979). 

The role of these insecta as pollinating agent8 in 

cash need further detailed investigation. 

In cash w, the flo\ler structure is eo uc1ve for 

cros pollin tion, since the dey loped tamen of the 

herm rod! t ' £lOt'1 r haa on~y a short filament which 

1s only half th 1 n~th or the style~ As stated earlier 

ind ins t.s like bl cl... and r e.nts, honey beee, 

butterfll ~8 etc.ap ear to be chief egsncies for 

0111n ting cash lower. In about 5 to 1 days after 

pollin tion the ovary swells up which is an indication 

that £ertili~ation has already taken place in the flower. 

In about lS to 20 days after pollination the ovary 

attain the 81z of a pea w.ich 1s called 'pea nut' 

stago. In about 50 to S5 days ' after fertilization. 

the frui s r aoh turf ty stage and are rea(ty for 

harvest. 

It h been r ported by revious workers that 

ssiste pollination 1mProves fruit at considerably in 

cashew. This h " b en s port by th findings of 

present investigations (Plates IV (1), IV (2) ) in which 

assist pollination by hand h s r cord 66.50 per cent 



Plate IV (1) Hand pollinated panicle 
(Original length of til. 
panicle • l1C11l) 

Plate IV (2) Satw:ally pollinated panicle 
(Original length of the 
panicle. IS. Scm) 



of initial fruit set as against 11.89 per cent under 

naturally pollinated conditions. This vast difference 

indicates the ineffective functionincj of pollinating 

agents at the proper ttme. However, this has to be 

further confirmed by detailed investigations. 

A high percentage of initial fruit set need not 

necessarily end in increased yield. It is quite 

possible that varying proportions of fruits may drop 

off from the tree at any time durinr_: the developmental 

stage from fruit set to maturity. In the present study, 

fertilization as judged by the ini tiel swelling of the 

ovary is r~en to have occurred in 11.89 per cent of the 

total hermaphrodite flowers in a panicle under natural 

pollination and 66.50 per cent under assisted 

pollination. However, only 7.29 per cent under natural 

pollination and 28.04 per cent un,_'er assisted pollination, 

of the total h(:=rmaphrodite floHers are seen to have 

reached upto 'pea nut' etase and only 5.19 under 

natural pollination and 19.99 under assisted pollination­

upto maturity stage (Fig. 3). A considerable 

proportion of fruits is seen to have been dropped off 

at various stages of development (Fig. 4). Out of 

every 100 hermaphrodite flowers produced in cashew 

panicle, 88 drop off as unfertilized flowers, five 

betyleen fertilization and • pea nut t. two between -pea nut' 

and maturity. leaving only five for harvest. This is 
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These factors may either individually or collectively 

operate, resul dng in large amounts of flowers and 

fruits to drop, thereby reducing the final yield in 

cashew. It may be quite po.:.:sibla that genetic 

constitution of the tree is also involved in this. 

Each tree may have a total bearing capacity of fruita 

and this may be decided by the genotype of the tree. 

Any fruit in excess of this capacity is naturally 

dropped off by the tree. 

81 

Baaed on the present investigations the following 

corrective steps are suggested, which, it is hoped, 

will go a long way in the improvement of yield in cashew. 

1. Lack of affective pollinating agents at the proper 

time appears to be one of the possible reasons for 

low yield. For this, establishment of bee hives 

in cashew plantations will be helpful. 

2. Early flower and fruit drops have to be prevented. 

For this, suitable hor.monallgrowth regulator 

application will have to be found out, for which 

investigations in this line will have to be 

resorted to. 

3. Any possible nutritional imbalance will have to 

be corrected at the appropriate time. 

4. Timely control measures have to be resorted to 

against peat and diseases. 

S. Above all, use of genetically superior planting 

material 1s very vital. 



perhaps one of the vital points for the low yield of 

cashew. It is interesting to note that out of 11.89 

and 66.50 percentages of initial fruit set under 

natural pollination and assisted pollination, only 

42.47 and 30.13 percentages respectively are seen to 

have reached upto maturi t.y stage. This indicates that 

post- fert1lization drop is more in the case of hand 

pollination. In other words, even though a high 

initial fruit set of 66.50 per cent has been obtained 

in hand pollination, only 19.98 percentage of 

h.rmaphro,~-'ite flowers has reached upto maturity. 

Further, comparison of fruit drop at different stages 

of nut development reveals that mo~;;t of the fruits 

drop off in the early stages of development, both in 

natural and hand pollination. These facts suggest 

that competitions for nutrients among rapidly growing 

young fruits and low content of endogenous auxins in 

the early stages of nut development may account for the 

premature fruit drop, especially in the early stages. 

This is in agreement with the reports of Leopold 

and I<riedeman (1964) and Parameswaran (1979). Besides 

these factors, defective metabolism and nutritional 

imbalance (Pilla! aDd Pillai, 1975), pest and disease 

attack (Pillai and PilleJ., 1975) and Parameswararl (1979) 

and adverse climatic factors are some of the probable 

reasons for the premature fruit drops in this crop. 



These factors may either individually or collectively 

operate, rEtsul ting in large amounts of flowers and 

fruits to drop, thereby reducing the final yield in 

cashe\tl. It may be quite poLsible that genetic 

constitution of the tree is also involved in this. 

Each tree may have a total bearing capacity of fruits 

and this may be decided by the genotype of the tree. 

Any fruit in excess of this capacity is naturally 

dropped off by the tree. 

Cl ~. 

Baaed on the present investigations the following 

corrective steps are suggested, which, it is hoped, 

will go a long way in the improvement of yield in cashew. 

1. Lack of effective pollinating agents at the proper 

time appears to be one of the possible reasons for 

low yield. For this, establishment of bee hives 

in cashew plantations will be helpful. 

2. Early flower and fruit drops have to be prevented. 

For this, suitable honmonallgrowth regulator 

application will have to be found out, for which 

investigations in this line will have to be 

resorted to. 

3. Any possible nutritional imbalance will have to 

be corrected at the appropriate t:1.me. 

4. T1mely control measures have to be resorted to 

against peat and diseases. 

S. Above all, use of genetically superior planting 

material is very vital. 



6. Superior. high yielding mother trees wIll have to 

be located by conducting regular surveys in the 

cashew plantatIons. Progenies of these trees will 

have to be produced in large numbers preferably 

through vegetatIve means. In this process 

tissue culture technic.iue seems to have tremendous 

scope. 
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SUMMA.RY 

Pollination studies in cashew were undertaken at 

the Cashew Research Station, Madakkathara and in the 

Department of Agricultural Bctany, College of Horticulture, 

Vellanikkara during the period 1983-84. Six year old 

trees of BI.J:t.-l39/1 (air layers) which were receiving 

uniform manurial, cultural and plant protection measures 

as per the Package of Practices Recommendations of the 

Karala Agricultural university, were utilized in the 

present stUdy. ObseJ:Vations on flower opening, 

different types of flowers in a panicle, extent of 

fruit set and fruit drop, role of assisted pollination, 

influence of different pollinating agents, intenSity of 

cashew pollen in the atmosphere etc, were recorded from 

the existing, selected trees and the data. so collected 

were subjected to suitable statistical analysis. ~ 

important f1ndings are summerised below. 

1. Male add hermaphrodite flowers open after 23 hr and 

continue till 15 hr on the next day. Maximum number 

of male flowers open between 7 and 9 hr and that 

of hermaphrodi te flowers between 9 and 11 hr. Hence 

there is overlapping of male and female phases in cashew. 

2. Cashew panicle of the type BI....A.139/1 has a mean 

of 286.1 flowers of which 199.8 are male and 86.3 are 



hexmaphrodite working out to a mean se~ratio of 

1.2.83 (if hermaphrodite to male flowers. Hence dertb 

of flowers or s~ratio cannot be considered as a cause 

for low yield. 

3. Assisted pollination tmproves initial fruit set 

considerably. When 11.89 per cent of hermaphrodite 

flowers set fruita initially under natural conditions. 

66.50 per cent of them set frUits under assisted 

pollination. 

4 • In the • pea-nut • st:aOe, 7. 29 and 28.04 per cent 

of hermaphrodite flowers, in the naturally pollinated 

and hand pollinated panicles respectively. are retained. 

However. these figures get reduced to 5.19 and 19.98 

per cent respectively ~ards the maturity stage. 

S. Taking the initial fruit set as the basis, 59.76 

and 41.74 per cent of fruits are retained in the pea-nut 

stage under naturally pollinated and hand pollinated 

par~icles respectively. The corresponding figures in 

the maturity stage are 42.47 and 30.13 per cent. 

6. Considerable quantity of flowers and fruits drops 

off at the different stages of maturity both in natural 

pollinJt1on and assisted pollination, especially in the 

early stages. Of the 94.81 per cent of the total 

flower/fruit drop in naturally pollinated panicle, 88.11 

per cent are before fruit set, 4.61 between set and 

• pea-nut , stage and 2.10 between • pea-nut , and maturity. 
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In hand pollinated panicles. 33.50 per cent of hermaphrodite 

flowers drop off before fruit set. 38.76 between set 

and • pea-nut • stage and 7.76 after 'pea-nut' stage 

resulting. total flower/fruit drop of 80.02 per cent. 

So steps to reduce early flower and fruit drops 1n cashew 

will result in higher yields. 

7. No fruit is set 1n completely bagged panicles 

and hence cross pollinated natu.:::e of cashew 1s further 

confirmed. 

S. In water sprayed paniclos also fruits fall to aet. 

Hence water is not a pollinating agent in cashew. 

9. Wind pollination results in 7.79 per cent of 

initial fruit set as against 11.89 under natural 

pollination which suggest cashew has pollinating 

agents other than wind. 

10. The intensity of pollen in the a~osphere (2.16 

fertile pollen grains/square an) is more or less 

uniform at different distances 3tld hai_:hts from the 

source. 

11. The carerage ntDnber of hermaphrodite flo\1£8 

per square em is found to be 0.1. 
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ABSTRACT 

Investigation on the various aspecta of pollinat.1oa 

viz., flower openJ.ao. fJ:Uit set and fruit drOp under 

natural pollination and assisted pollination. effect 

of pollinating agenu and intensity of pollen in the 

atmosphere were UDdertalcen at the cashew Research Station. 

Madakkathara and DepaJ:1:meDt of Aqricul tural Botany, 

College of Horticulture, Vellanilckara dUring 1983-fH, 

on six yeu old aU-1»/1 trees (air layers) under 

uniform cultural and aaamu:1al condi tiona. 'Eha data 

were subjected to various statist1cal analysts. 

The reBul ts have abown that the period of flower 

opening 1n both male and hexmaphrodite flowers was 

same. starting after 23 hr and extend1ng upto 15 hr 

next day. The peak period of flower opening for male 

flowers was between 1 and 9 br and for hermaphrodite 

f IO\>Jers between 9 and 11 br. Climatic factors such .s 

temperature. sWIshine hours, relat1ve hum.:1d1ty and wind 

velocity have not shown any significant influence Oft 

the magnitude of flower open1Dg. 

Type 8lA-139/1 has a relatively low aex,.ratio 

of 1.2.83 resulting a higher percentage of hermapbrodite 

flol-len. There is variation in sex-ratio even wi thin 

the panicles of the same ~. 
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When compand to natural pollination, ass1sted 

pollination reaulted 1ft 8ignificantly higher initial 

fru1 t set indicating ~e inefficiency or inadequacy of 

pollinating agenta. aut the higher init1al fruit 8K 

wall not fully nflee'*! in the percentage of fruita 

harvested since a .ajor portiOD of the set fruita 

dropped at different. ataqee of deVelopment. In both 

ca ••• of natural and haftd pollination. fru1 t dEop .. 

more in early etaq.. of nut. 4eYelopment. 'l'hi. 

neces.itates ~e Dee4 for iaproving the initial fruit 

set and nx>re o •• r red\tc.f.ng post fertJ.lla.tJon drop 

for higher yields 1ft caahew. 

In completely bagged panicles no fru1 t waa an, 

conf1rming the oro .. pollJ.ltated nature of cashew. 

'!'he failure of fruit. 8ft 1ft water 8prayed panicles 

rules out the poss1b111 t.y of water aa a pollinating a~. 

Wind plays a Significant ~le in cashew pollination 

along with insecta like red end black ants, honey b_ 

and butterfllea which frequent.ly Visit cashew infloreec::ence. 

The intensity of pol1_ grains on the atmosphere .. 

20 t .... higher than that of hemaphrod1te flowers in a 

unit ar_. 
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