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ABSTRACT

Production of staminate(S) and hermaphr odite (H) flower swasstudied in thenorth, east, south and west sidesof the
cashew tree canopy from December 2003to May 2005 at S.G. Collegeof Agricultureand Research Sation, IGK VYV,
Jagdalpur (C.G). Flower production wasrecor ded daily on selected plantsthroughout themain flowering season and,
subsequently, yield of each plant wasrecor ded. Resultsshowed differencesin number of flower typeson different
sidesof thetree. However, therewasconsistently greater number of staminateflower sthan hermaphroditeflowers
duringboth early and lateflowering . Significant variability between genotypesand sideswasr ecor ded for sex ratio
(S/H). Hybrid-255 showed highest sex ratio for north, south and west sidesand Vridhachalam-2for theeast side.
Differencesin fruit-set and nut-yield wer e also found between sides. Hybrid 30/1 had highest per cent fruit-set.
Highest number of fruitscarried tomaturity wasrecorded in Hybrid-30/1. Distribution of yield over thetree-canopy
showed that south sidehad significantly high nut yield, followed by west side.
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INTRODUCTION

Cashew (Anacardium occidentale L.) is a high-
valueexport crop. Yieldsinfruit cropsisdetermined primarily
by flowering and subsequent fruit-set from these flowers.
The cashew produces innumerable flowers, of which less
than 10% are bisexual. Under normal conditions, nearly 85%
of the flowers are fertilized of which only 4-6% reache
maturity. Very littleisknown about factorscontrollingyield
in cashew and in particular the extent to which yield is
influenced by flowering behaviour. Cashew is reported to
be a cross-pollinating tree crop (Pavithran and
Ravindranathan, 1974; Freeand Williams, 1976; Pal aniswami
et al, 1979). Cashew flowers are borne on an inflorescence
that is an indeterminate panicle. Each flowering panicle
possesses both hermaphrodite and male flowers (Rao and
Hassan, 1957; Ascenso and Mota, 1972; Kumaran et al,
1976; Thimmaraju et al, 1980), and, other than these,
abnormal flowershave also been reported (Masawe, 1994;
Mota, 1973). Cashew trees require 4-5 monthsto complete
equential anthesis in the panicle (Pavithran and
Ravindranathan, 1974).

The cashew tree normally bears nutswith attached
false fruit (the cashew ‘apple’) on the periphery of the
canopy. Casual observation suggests that one side of the
tree may have higher nut-set than another. Existence of
such differences has not been established, nor is the
distribution of flower types between sides (e.g. sunny or
shaded side) or whether yield is directly related to flower
distribution. It is important for future breeding work or
developing cashew ideotype, as well as orchard
establishment to determine whether high yield is pre-
determined by number, distribution in time and / or ratio
among flower types.

MATERIALAND METHODS

The present investigation was carried out at S.G.
College of Agriculture and Research Station, IGKYV,
Jagdalpur (C.G) during flowering seasons of 2003-04 and
2004-05. The material comprised of 14 varietiesof cashew,
released from different parts of the country, receiving the
same cultural treatment. The experiment was carried out in
randomized block design with three replications. Fourteen
cashew genotypes, each represented by four individuals,
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vegetatively propagated by softwood grafting were selected.
The genotypes were Hybrid-3/28, Hybrid-3/33, Hybrid-30/
1, Hybrid-10/19, Vridhachalam-1, Vridhachalam-2, Hybrid-
68, Hybrid-255, Hybrid-367, Hybrid-320, Hybrid-303,
Selection-1, Selection-2 and Vengurla-4. Each genotypewas
planted in ablock of four treesat spacing of 7.5x 7.5m. The
cashew tree canopy of each selected tree was marked on
four sidesi.e., north, south, east and west using a compass.
From each marked side, atotal of four young panicles (2 for
flowering and 2 for fruiting) of amost the same sizeby (visua
appearance) were selected at random for taking observation
during the entire flowering and fruiting period (December to
May). Each panicle was tagged and numbered. Counting of
the type of opened flower within each panicle was carried
out daily by detaching them from the cashew panicle using
fineforceps. Care was taken to ensure that the residual parts
of labelled panicles were not physically damaged.

Two types of flowers namely, staminate and
hermaphrodite, were observed throughout the flowering
period. Both flower typeswere morphol ogicaly distinct with
each other, male flowers usually having five sepals, five
petals, one large exerted stamen and 7-9 small inserted
stamens, with each stamen comprising an anther and ashort
filament. The large stamen was nearly twice the length of
small stamens. The large stamen and most of the small
stamens produced pollen. Hermaphrodite flowers were
similar to the staminate flowers but had a well-devel oped
gynoecium, which consisted of anovary, styleand astigma
that was normally longer than the large stamen but
occasionally shorter or of equal size. Analysis of variance
was carried out as per Panse and Sukhatme (1978).

RESULTSAND DISCUSSION

Flowering : Number of days to flower was taken
asthe number of days, from 30" November, for appearance

of thefirst flower of each type (staminate or hermaphrodite)
to open. Thus, 1% December was considered as the first
day, and so on. Number of days to flower varied between
genotypes(Table 1). Among the genotypes, Hybrid-30/1 was
clearly the earliest, producing thefirst flowers on sixth day
on the north side, together with production of male flowers
on the east side. Vridhachalam-1 was the next earliest.
There were differences between genotypes in the date of
first flower opening and in the time and duration of peak
flowering. Thereis, therefore, apossihility for carrying out
selection for earliness to flower aswell as duration of
flowering. This characteristic is important, as extended
flowering may lead to undesirably late nut/fruit production.
Some genotypes such as Hybrid-30/1 and Vridhachalam-1
peaked early and yielded over a short period, while others,
like Selection-1 and Vengurla-4, yielded over awider span
of time. The genotype Selection-1 was considerably later
than all other 13 genotypes, taking nearly 36 days. With
respect to sides of atree, the east side produced flowers
first, takingon average 22.56 days, followed by south (26.18
days) which was very close to the west side (26.93 days).
Flowering in the north side took more time (35.07 days)
than other sides. In terms of different flower types, all
genotypes produced staminate flowers first followed by
hermaphrodite ones.

Flower type: It was observed that at Bastar,
flowering was early on the east and south sides of the tree.
Production of all flower typesincreased withtime, asshown
in Fig. 1. The figure shows mean number of flowers per
panicle on each side (of on average over all fourteen
genotypes). However, it was seen that the production of
staminate flowers increased dramatically compared to
hermaphroditeflowers. Thetrendin production of staminate
flowerswas similar in al the genotypes, with two phases,
i.e. an early peak and alate peak. Major production of

Table 1. Mean number of days taken from 30 Nov. (2004 and 2005) for first flower to open on different sidesin various cashew

genotypes
Side Type Genotype Mean
3/28 333 30/1 10/19 VRI-1 VRI-2 H-68 H-255 H-367 H-320 H-303 Sd-1 Sd-2 V-4 Type Sde

North S 39 28 14 30 15 39 29 34 36 33 30 52 33 39 32.21 35.07
H 42 31 18 36 22 46 38 39 46 39 38 56 38 42 37.93

South S 28 20 8 18 9 29 23 22 28 27 22 39 24 34 23.64 26.18
H 31 23 14 25 12 32 30 29 32 34 29 45 30 36 28.71

East S 23 18 6 15 8 26 18 17 26 24 19 36 22 32 20.71 22.56
H 27 24 12 21 12 31 27 19 31 31 24 25 35 24.54

West S 29 23 10 20 10 32 27 23 29 27 23 40 25 34 2514 26.93
H 33 29 14 26 15 37 34 25 34 35 29 28 36 28.85

Mean S 2975 223 95 2075 105 315 2425 24 2975 2775 235 418 26 34.8
H 3325 268 145 27 1525 365 3225 28 3575 3475 30 505 303 373
OA 315 245 12 23.88 12.88 34 2825 26 3275 3125 2675 46.1 281 36

S= Staminate, H= Hermaphrodite, OA= Overall average
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Fig 1. Comparison of flower-sex type during floweringin cashew

staminate flowers was more pronounced in the early part
of flowering season. But, during the middle part, all
genotypes tended to produce more hermaphrodite flowers.
However, the number of hermaphrodite flowers was
relatively low compared to the number of staminate flowers.
Later, all the genotypes showed higher production of
staminate flowers.

The total number for each type of flower is given
in Table 2. The proportion of staminate and hermaphrodite
flowers also varied with genotype. Staminate flowers were
alwaysmorein number and ranged from 1005.25t0 1977.83,
while hermaphraodite flowers ranged from 150 to 613 per
panicle. Genotype Vridhachalam-2, produced the lowest
number of total flowers (1274.25) and staminate flowers
(1005.25). The lowest number of hermaphrodite flowers
(150) was produced by Hybrid-10/19. Hybrid-255 produced
the highest total number of flowers (2590.83) and
hermaphrodite flowers (613). In India, Damodaran (1966)
observed 486 flowers per healthy panicle, while,
Hanamashetti et al (1986) reported a range of 165 to
837flowers. Heard et al (1990) observed 16 panicles over
50 days in Australia and noted a mean number of 443
flowers per panicle. In most cases, thefirst flowersto open
were staminate, as reported by Moranda (1941), Rao and
Hassan (1957), Northwood (1966) and Pavithran and
Ravindranathan (1974). For most of the season, staminate
and hermaphrodite flowers opened at the same time, but
the number of staminate flowers was considerably greater
than number of hermaphraodite flowers. There were highly
significant differences in the number of male flowers
between genotypes and between the sidesin the same clone.
By contrast, differencein number of hermaphrodite flowers
varied significantly between clones while there were was
significant difference between sides.
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Sex ratio: Theratio of hermaphrodite to staminate
flowers is shown in Table 2 which shows significant
variability between genotypes and sides. On an average, it
ranged from 0.10 to 0.31 among genotypes, whereas, for
the east side from 0.09 to 0.29, west side from 0.10 to 0.40,
south side from 0.14 to 0.40 and north side 0.05 to 0.26.
Mean sex ratio was observed to be highest for the south
side (0.25) and lowest for north side (0.14). Hybrid-255
showed highest sex ratio for north, south and west sides
and Vridhachalam-2 for east side whereas, Selection-1 had
low sex ratio for all the four sides. However, considering
overall number of flowers, summed over sides, Hybrid-255
stood out with high sex ratio (0.31) and Selection-1 lowest
(0.10). The others had moderate ratios. The ratio of
hermaphrodite to staminate flowers varied between
genotypesand different sidesin the same genotype. In most
genotypes, higher ratiowasfound on the south side. Present
resultsarein agreement with those reported by Chakraborty
et al (1981)who reported that panicles on the south side
gave maximum number of hermaphrodite flowersand higher
sex ratio. They also suggested that distribution of flowers
wasinfluenced by light and temperature. It hasbeen claimed
by Wunnachit and Sedgeley (1992) that the number of
hermaphrodite flowers can be used as a selection criterion.
Heard et al (1990) reported that pollination wasnot alimiting
factor in cashew production.

Nut yield: The distribution of nut yield (kg) on
different sidesof thetree, number of hermaphroditeflowers
and fruit set is presented in Table 3. Average fruit set (%)
ranged from 2.23 to 4.28% among genotypes and, on the
east side, it varied from 1.56 to 2.67; west sidefrom 1.56 to
3.34, south side from 4.67 to 9.12 and north side, 1.20 to
2.10. Ingeneral the south side had highest fruit set, followed
by west, east and north, in all the genotypes. Hybrid 30/1
had highest per cent fruit set (4.28), followed by Hybrid-
303 (4.02). Selection-1 had the lowest fruit set (2.23).
Highest fruit set in north wasrecorded in Hybrid- 3/33 (2.10),
whereas, highest values for south (9.12), east (2.67) and
west sides (3.34) were observed in Hybrid-30/1.

Distribution of yield over tree canopy showed the
south side ashaving significantly highest nut yield, followed
by the west side. Nut yield increased with increase in
number of hermaphrodite flowers and fruit set. Data on
averageyield data showed that Hybrid- 303 gave maximum
nut yield (4.02), followed by Hybrid-68 (3.94), and the lowest
wasrecorded in Vridhachalam-2 (0.72). Inthe present study
theyield of cashew genotypes showed significant differences
between the genotypes or between the sides of the same



Sharma

uonuelel 1IN1§ 1USD Jad =¥dd ‘PRIA =A ‘185 1In1} =S4 ‘Siemo|y a1poaydewiisy Jo JegqunN =4HN

GL0 9€0 T0°¢ VT ETT [40h7 9T°¢ ¢L'T a8'T 76'€ cL0 980 TE€TC 8¢'¢ 6ET YA A
9e'0T €0'S (0)4%4 8’y L6VE  ST'1S 990y  TOCY 8'ey oy AV 289 ¢Crve 6199 c¢Lve  Leoy d-d
69T 280 178 SP'e €ce 0" zee Tee Tee 93¢ 08¢ 60€ 667¢C 8y SL'e v,.C o=
Ly 98TZ 00TSZ 00902 O00TST 00925 0066T O0€Lr O00ET9 008/ 00692 00€SC 000ST 00695 00262 008y HHN  8felay
83T 060 8.0 70'€ 65T 8eT 12T 8¢ 950 090 69T 8LT 160 160 A
veT T1°¢ 98T ¥0'€ S'e 99°¢ yXara 8L°¢ 0ce YT'¢ 90¢ vE€ 4% 144 Sd
771 €8'€C  L6ErC €200C €6'GLT 98°C0S <¢6VIC 898VS <2099L VET8C LPTIC 26'GWC Ov'eyl TTOTL 9€'STE 8yvSS dHN 1O\
99T G.0 8.0 85°¢ €eeT 80T €01 VA4 8v'0 0S0 ¢ST T 860 8.0 A
90°¢ LLT 98T 85°¢ S0¢C 80°¢ a8'T €e¢ 88T 6LT /67T 19¢ yXar4 VLT Sd
orT’Le TZLT 8LS6T 26891 STTVT 9r¥Sr 00667 OV'8LE 96¥8E 96°,¢Cc 8502C VvE'L6T 096CT €£.G€ 00¢6C Ove8e dHN Iseq
L0°L 29°¢ YANS se'g8 99 S9°¢ ey 79'8 T 76T 691 S8 19¢C €9°¢ A
8.8 158 197 9e'g vT'L 0L TLL SP'g8 89°G 869 809 [AN] 0S°L 7] o=
9T'¢8 €08  06LLr 0S/9c 29¥PE 089¥6 <¢S¥6C 9S€I8 OTZPOT 29¢0S 0667 TLTI8y 000LC 0£/96 9T¢Cey 9128 dHN yinos
T 090 8.0 [AN4 0T 8.0 6.0 6T (0,740] oo w1 90T 00T 090 A
8L'T A" 4" [44 9T 0ST 't /8T 98T T 18T 00¢ 0T €eT Sd
80'8T €8 ¥€98  v¥€/8 92?9 8866T 95/8 9€TST 1665 8000T 90+TT €08 00, 9TV 8¥'8T 96¢ST dHN yHonN
7-A P =) T-BS  €0e-H 0Ze-H [9e-H SS¢-H 89-H ZIIA T-IIA 6T/0T  T/0E eere 8e/e
(%s) a0 Fw)3s adAjoue adAL aps
Adoued 8911 Jo sapis
juaIa})Ip uo sadAlousb meayses Jo (eaa1 Jad BY) pjeIA 01 aplued Jad 18s-1In1} pue slomo|} aripoiydew sy Jo Jeqwnu Jo uosiredwo)d '€ a|qel
ol1el xas =¥S ‘a1lpolydewsaq =H ‘areulwels =S
LL°09GT GC'€99T 0L9€6T 6V TIEC SGG'8LET €EE'90€C €8'065¢C LC'T88T GC'WLCT <¢T1'S09T LT'69ET LT'€V8C 89'6¢6T 00°0S0C [eloL
GE00 9100 670 10 070 6¢0 LT0 9¢0 T€0 LT0 120 670 [440] G0 810 0€0 <)
Er'8ee 1LY 98'T¢ 00TS¢ 0090¢ 00T8T 00925 0066T O0Q0€ELr O0€T9 008 0069¢ 00€SC 000ST 00695 006 00'8Ly H
€0'899T 8666 6¢'9r LL'60ET GC'LvPT OL'GSLT 67'S8LT GS'6LTT €E€€E8T €8'LL6T LZ'€09T GC'SO0T ¢CTCSET LT'6TCT LT'v.¢C 8S'LE€9T 00CLST S afeny
€¢0 670 ¥1°0 010 €e0 LT0 6¢0 (0,40] 910 90 870 10 ¢€0 810 e0 <)
€8'89€  wW'TS €8'€¢C L6'€VC  €2°00C €6'GLT 98°¢0S ¢6vTC 89'8YS C0'99L ¥ET8C LVT19C ¢6'SvC  Ov'ErT  TTOTL 9E€'GTE  8F'¥SS H
GE'Y96  [8'69ST 1766 €09 8L'86¢T L9'GEVT 96'0v.T 8E'EEST T6'ELCT 99'906T Gv'¢c6l GELZLT TC'L66 LL'OVET <¢O0'LvOT 67'0T¢C 69891 88Y%EIT S B
6T°0 810 ST0 010 [440] 120 G¢0 910 LT0 120 LT0 600 €70 [44\} 620 <)
[474° S TR | WA LT 8L'G6T ¢6'89T 8T'IVT 9r'v¥Sy 00661 Ov'8LE 96V8E 96°L¢C¢ 89°0CC vE'L6T 09'6CT €€.9€ 00°¢6¢ 0Ov'¢8E H
vL'Ll8  L068YT <616 6'EY LL'660T 08'LGTT 0CvLvT 9TTITC P9eEv6  00°0VST G6'CTve 6C'TCET 0C1v08  €E'GETT SSTWPT 6v'v.LC 90°0TET 8V 0CET S Be3
G¢0 920 910 ¥1°0 8€0 LT0 820 (0,40] 0c0 0€0 GZ0 910 €e0 810 ¥e0 <)
8,885 9T'C8 €08 06y 09°/9€ <29vpE 0896 <¢Sv6Cc 99°€T8 OT'¢POT <¢9°20S 06'6Lr TLT87 000.C 0€.96 9T¢CEy 91°¢C8 H
vr1eErT T1Tv.eC 96yl 0119 LEVIBT V'¢6cC <CT66VC GC'€CSC S9'869T 66'698C 00/89C 68°/87¢ ¢EC6ST S9VC6T €6¢CLT TI9VL6C ¢1'85€C (CECSve S ynos
v1°0 600 010 S00 120 110 S10 90 70 810 600 600 TZ0 440 LT0 =)
89'6¢T  80'8T LE'8 7€'98 vE'L8 9229 88'66T 99'/8 9€'TST 16'65¢ 80'00T 90VTIT €0/8 0029 9C'TvC  8v'8¢T  96¢ST H
6€'6€G 0T6V6 2909 108¢ 879/6 80€C06 €S'80ET 9TV.6 60¢08 999¢0T ¢6886 95°9/8 82,9 ¥.°/00T 817999 60°LETT GSETTT ¢E088 S ULON
M adhL A PSS  TRS  80EH OeH  /%H  9H  89H  TMA TRIA 60T TOE €8 82k
wB\ %e)a +w=s adAiouen adAL Ps

Adoued 8211 Jo sapis 1 BlIp wo.l) sadAlousb mayses Jo (ssa41 noj woy) apiued Jod siemol) alipoiydew oy pue aleulwels Jo JoquinN g a|qel

ci.

J. Hortl.

Vol. 4 (1): 45-49, 2009



Reproductive biology in cashew genotypes

genotype. This could be related to the pattern of flowering.
However, it is worth noting that the south side  recorded
highest yield. There was continuous production of
hermaphrodite flowers from tonset of flowering till the end,
while, production of maleflowersdecreased over time. Further,
it was seen that hermaphrodite flowers produced very early
or too late had few or no nutsthusindicating the importance
of hermaphroditerather than staminate flowersin determining
yield potential as inthe Philippines(Moranda, 1941).

The highest magnitude of fruits carried to maturity
(% fruit retention) was recorded in Hybrid -30/1 (56.49%)
and wasat par with Hybrid -303, Selection-2, Hybrid -68
and Vengurla-4. Lowest fruit retention was noted in
Vridhachalam-2 (30.21%).

It would greatly help devise future strategies if
more studies are carried out on yield performance on
different sides of cashew tree across a wide range of
locations. Nevertheless, present results are in agreement
with earlier reportsand further show that selectionfor floral
behaviour could give beneficial resultsfor cashew production
and for development ofa cashew ideotype.
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