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The developing fruit is a potential sink that
derives assimilates from the neighbouring functional
leaves. According to Hay and Walkar (1989) the
availability of assimilates in the formative stages of
economic sink devel opment isan important determinant
of yield. The term assimilate partitioning encompasses
the biochemical and spatial compartmentation of the
fixed carbon within the photosynthesizing cells as well
as the subseguent movement of sucrose to the phloem
of theminor veinswhereit isloaded into sieve elements.
In this view, fruit growth studies are seldom attempted
in tree spices in general and in nutmeg in particular. In
the current investigation 30 bearing nutmeg genotypes
were investigated for assessing the variability in fruit
ontogeny.

The study was conducted on 20 years old seedling
nutmeg trees planted as intercrop in coconut plantation
on 7.5 x 7.5 m spacing at the Regional Coconut Research
Station, Ratnagiri (Maharashtra) (17.00° N, 73.40° E and
3 m from MSL) during 1999 and 2000. The climate is
warm and humid and soil issandy. Thirty bearing nutmeg
genotypes constituted the experimental material. To study
fruit development, 50 fruits were tagged immediately
after fruit set on all the 30 genotypes. Dry pericarp weight,
dry maceweight, dry nut weight and total dry fruit weight
were recorded. The observations were recorded at an
interval of 25 days upto harvesting. Four fruits were
randomly selected each time per test plant to record
various observations. The statistical analysis was done
by the method suggested by Panse and Sukhatme (1995).
Among the genotypes studied, two early (N37, N42), two
mid late (N37, N72) and two late (N4, N36) harvested
types were selected to estimate polynomial equation.
Similarly the polynomial equation of the popul ation mean
was also estimated. The polynomial equations were
estimated as per the guidelines of Hunt (1982).
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The period required from fruit set to harvesting
differed among the nutmeg genotypes. It was early (225
days) in N7, N11, N29, N42, N43, N70 and N74. The
genotypes N4, N22, N23, N26, N34, N36, N56, N57,
and N61 were late where this period was prolonged upto
300 days. Among the other genotypes, N1, N10, N24,
N37, N46, N51, N63, N66 and N72 were midlate (250
days), while genotypes such as N30, N33, N41 and N55
were harvested after 275 days of fruit setting.

The dry pericarp weight at various stages of fruit
development in nutmeg genotypes are given in Tablel.

The polynomial equationsof changesin dry weight
of pericarp in selected nutmeg types are presented in
Table 2.

A second-degree polynomial explained more than
91 per cent variation in dry weight of fleshy pericarp.
The following equation described the phenomenon of
the growth of fleshy pericarp during the ontogeny of
nutmeg fruit.

Y (Pericarp) = - 1.788 + 0.0592 (X) — 0.000157 (X?)

A small value of intercept was followed by a
remarkably high magnitude of ‘b’ indicating a rapid
increase in dry weight of pericarp during early phase of
fruit growth. A diminutive and negative value of ‘b,
suggested that towards maturity the rate of pericarp
growth declined steadily. The genotype N4 was
characterized by longest duration of fruit growth (300
days). In comparison with population mean for dry
pericarp weight the magnitude of pericarp weight in N4
was lower upto 125 days. But thereafter, it remained
higher than the population mean and reached the
maximum of 5.83 g after 300 days from setting. The
growth of dry fleshy pericarp in this genotypes was
explained very satisfactorily even by the first degree
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Table 1. Dry pericarp weight (g) at various stages of fruit development in

nutmeg

Genotype Days after fruit set

25 100 150 200 250 300 Mean SD. C.V.
N1 018 298 401 471 417 0 320 155 4852
N4 013 18 427 613 509 58 363 217 5990
N7 028 222 313 392 00 O 251 121 4800
N10 011 201 233 281 241 0 196 088 4530
N11 016 215 333 352 00 O 241 122 5056
N22 008 141 362 419 429 40 289 158 5467
N23 017 223 387 719 714 758 458 274 59.86
N24 013 139 463 537 610 0 326 218 6691
N26 012 172 270 458 593 623 343 223 6517
N29 015 277 350 403 00 O 277 138 49.88
N30 018 275 317 378 406 0 298 135 4531
N33 011 220 272 299 316 O 223 104 4681
N34 015 213 298 342 414 394 272 128 4724
N36 015 232 421 470 505 410 328 172 5251
N37 014 134 281 336 412 0 228 146 64.16
N41 016 249 390 503 39 0 304 146 4818
N42 018 173 224 354 00 O 191 113 5943
N43 013 172 18 227 00 O 156 071 45.40
N46 012 18 309 327 38 0 234 119 5185
N49 015 229 299 28 315 0 241 102 4227
N51 014 179 249 267 251 0 201 091 4546
N55 019 200 378 48 557 0 330 187 56.77
N56 021 222 361 524 519 470 343 18 5311
N57 032 325 475 615 615 671 432 204 4728
N61 012 105 237 358 351 396 241 150 6236
N63 019 309 440 567 562 0 364 190 5225
N66 022 369 527 584 607 0 384 222 57.90
N70 022 243 301 367 00 O 236 122 5143
N72 009 202 245 313 302 0 209 117 5593
N74 018 239 243 265 00 O 206 094 4554
Mean 016 218 333 417 347 156
SD. 005 058 083 122 221 250
CV. 31.88 26.58 25.03 29.19 63.68 159.44

Table 2. The polynomial equations explaining changesin dry weight of fleshy
pericarp during fruit growth of some nutmeg genotypes

Genotype Polynomial equation R2
N4 (Late) Y =-0.176 + 0.023 (X) 0.86
N36 (Late) Y =-1.623 + 0.052 (X) - 0.000106 (X?) 0.95
N7 (Early) Y =0.277 + 0.018 (X) 0.01
N42 (Early) Y =-0.248 + 0.017 (X) 0.96
N72 (Mid late) Y =0.027 + 0.015 (X) 0.85
N37 (Mid late) Y =- 0470 + 0.0149 (X) 0.96
Population mean Y =-1.788 + 0.0592 (X) - 0.000157 (X?) 0.92

polynomial. The magnitude of R? for this first-degree
polynomial was 0.86. The genotype N7 required the
shortest period for fruit development. The magnitudes of
dry pericarp weight at all the stages of fruit growth in this
genotype were higher than those of the population mean.
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The genotype N72 represented a common pattern
of growth and development of nutmeg fruit. It required
250 days period of overal growth. On the date of first
record (25 days) the pericarp was 0.09 g in weight. There
was rapid increase in pericarp weight up to 100 days
(2.02 g). In further course of time there was steady
increase in pericarp dry weight to reach avalue of 3.28 g
on 225" day from fruit set.

The population mean for dry weight of pericarp at
25 days after fruit set was 0.16 g as against 0.006 g for
nut and 0.001 g for mace (Table 3). Thus, more than 96
per cent portion in the initial stage of growth was
comprised of fleshy pericarp. The pericarp grew rapidly
upto 100 days from fruit setting to reach a magnitude of
2.18 g and thereafter it grew steadily to reach avalue of
4.33 g by 225 days. At thistime, the contribution of dry
pericarp in total weight of fruit was 49 per cent (Table 3).

The dry nut weight at various stages of
development of fruit in nutmeg genotypes is given in
Table 4.

The nut development in nutmeg fruit showed
different trend than that of pericarp. The average weight
of nut produced at 25 days after fruit set was 0.006 g.
The nut development was steady upto 150 days from
fruit setting when it reached a magnitude of 1.16 g. It
grew rapidly thereafter upto 200 days (3.06 g) when its
growth became steady subsequently to reach 4.02 g at
225 days. Its share in total weight of fruit was 46 per
cent (Table 3).

The polynomial equations of changes in dry nut
weight in selected nutmeg type are given in Table 5.

The variation of 93 per cent in dry weight of nut
was explained by a third degree polynomial equation.
This following equation explained the pattern of nut
development during the ontogeny of nutmeg fruit.

Y (nut) = 1.353 - 0.057 (X) + 0.000593 (X?) —0.00000134 (X?)

The nut weight recorded in the late genotype N4
at 25 days after fruit set was 0.004 g which waslessthan
population mean (Table 3). Its magnitude for nut weight
remained lower than the population mean upto 225 days
after fruit set. Thereafter, it remained higher than the
population average and reached 3.98 g at 300 days from
fruit set. The first-degree polynomia explained 86 per
cent variation in nut development in this genotype.
Similar trend of nut development was also noticed in
N36 where the fruit devel opment required longer period.

In early genotype N7, the fruit development was
quicker than the other genotypes under study (Table 3).
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Table 3. Proportion of fruit components at various stages in developing nutmeg fruit

Particulars Days after fruit set
25 100 150 200 250 300
Wt. % Wit. % Wit. % Wi. % Wt. % Wit. %
Pericarp 0.16 96 218 84 333 72 4.17 55 3.47 48 1.56 47
Nut 0.006 3 0.35 13 1.16 25 3.06 41 319 44 1.48 44
Mace 0.001 1 0.08 3 0.12 3 0.31 4 0.51 8 0.29 9
Total 0.167 2.61 4.61 7.54 7.17 333

Table 4. Dry nut weight (g) at various stages of development of nutmeg fruit

Geno- Days after fruit set

type 25 100 150 200 250 300 Mean SD. C.V.
N1 0005 064 184 367 381 00 191 159 8319
N4 0004 010 055 139 353 398 140 154 10958
N7 0005 071 152 409 00 00 166 157 9441
N1I0 0004 072 163 246 367 00 169 144 8520
N1l 0004 066 137 268 00 00 138 135 9856
N22 0004 010 065 254 462 540 211 211 10001
N23 0009 013 072 376 471 641 230 238 10329
N24 0004 013 260 568 490 00 231 229 99.25
N26 0004 009 152 202 535 520 219 224 10199
N29 0004 071 189 48 00 00 178 186 10435
N30 0004 051 09 406 459 00 205 192 9350
N33 0004 040 100 201 295 00 132 117 8872
N34 0004 032 066 193 490 445 18 183 10144
N36 0004 022 078 262 354 410 167 15 9375
N37 0004 013 074 391 444 00 151 176 11593
N41 0004 046 157 263 361 00 176 139 7882
N42 0004 022 066 424 00 00 134 168 12565
N43 0003 045 107 265 00 00 114 111 9746
N46 0004 018 105 352 378 00 144 155 107.88
N49 0004 057 142 296 428 00 196 168 8570
N51 0004 028 140 197 373 00 140 133 9492
N55 0004 013 058 197 39 00 149 166 11131
N56 0004 015 066 196 396 546 178 193 10862
N57 0004 050 123 358 363 506 213 180 8457
N61 0004 006 036 146 397 431 149 173 11611
N63 0004 008 168 347 510 00 184 189 10271
N66 0009 049 189 414 566 00 218 227 10452
N70 0004 049 093 318 00 00 125 132 10498
N72 0007 055 140 350 475 00 178 164 9213
N74 0004 076 151 291 00 00 137 128 9356
Mean 0006 035 116 306 319 148

SD. 0007 023 052 102 187 230

CV. 10863 67.12 4498 3319 5865 15522

In this, the nut weight was 0.005 g at 25 days of fruit set
as against 0.006 g of population mean. The nut growth
was steady upto 150 days (1.52 g) of fruit set there after
it grew rapidly upto 200 days (4.09 g) and became steady
again to record 4.37 g at the time of harvest. The first-
degree polynomia equation explained the nut growth
pattern in N7.
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Table 5. The polynomial equations explaining changes in dry weight of nut
during fruit growth of some nutmeg genotypes

Genotype Polynomial equation R?
N4 (Late) Y =-1.280 + 0.016 (X) 0.86
N36 (Late) Y =- 1154+ 0.017 (X) 0.92
N7 (Early) Y =-1.243+0.023 (X) 0.91
N42 (Early) Y =0.656 + 0.025 (X) + 0.00019 (X?) 0.94
N72 (Mid late) Y =-1.254 +0.022 (X) 0.94
N37 (Mid late) Y =- 1536+ 0.022 (X) 0.82
Population mean Y = 1.353 - 0.057 (X) + 0.000593 (X?) - 0.93

0.00000134 (X°)

In N72, the nut weight was 0.007 g at 25 days
from fruit set and increased steadily upto 150 days
(1.40 g). The nut development became fast afterwards
upto 200 days (3.50 g) and became steady to reach 4.75
g at the time of harvest (246 days). The first-degree
polynomial was observed to be the best for this genotype
asit explained 94 per cent variation in nut weight during
fruit ontogeny. Similar trend of nut development was
observed in the early genotype N37.

The dry mace weight at various stages of
development of fruit in nutmeg genotypes is presented
in Table 6.

The mace development pattern showed a different
trend than that of pericarp and mace. The average mace
produced by the 30 genotypes under study was 0.001 g
at 25 days after fruit set, which was 1 per cent of the
total fruit weight. Its proportion was the lowest among
the other components viz. nut and pericarp. It gradually
increased upto 175 days and thereafter it grew rapidly
upto 225 days (0.46 g) and remained afterwards steady
to reach 0.51 g at 250 days after fruit set. Its proportion
to total fruit at 225 days was 5 per cent.

The polynomial equations of changes in dry nut
weight in selected nutmeg type are given in Table 7. A
third degree polynomial explained 91 per cent variation
in dry weight of mace. The equation below explained
the mace development during ontogeny of fruit.
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Table 6. Dry mace weight (g) at various stages of fruit development in nutmeg

Geno- Days after fruit set
type 25 100 150 200 250 300 Mean SD. C.V.
N1 0001 009 018 043 073 00 027 025 9489
N4 0001 004 013 033 033 074 022 022 100.00
N7 0001 007 014 032 00 00 015 016 10142
N1I0 0001 006 013 018 038 00 016 014 9347
N1l 0001 004 007 011 00 00 008 010 11375
N22 0001 003 014 035 060 08 030 029 93863
N23 0001 005 015 034 053 178 044 060 13610
N24 0002 005 022 051 101 00 032 035 10838
N26 0001 005 010 030 116 115 043 048 111.34
N29 0001 006 009 023 00 00 012 012 1019
N30 0001 006 012 035 048 00 023 021 9353
N33 0001 006 011 018 045 00 017 016 97.69
N34 0001 004 010 02 055 060 022 022 9343
N36 0001 004 011 022 042 081 023 02 11422
N37 0001 001 006 022 048 00 013 016 12522
N41 0001 007 018 045 051 00 025 022 8556
N42 0001 004 009 051 00 00 015 019 12424
N43 0001 006 010 022 00 00 013 013 10029
N46 0001 004 014 035 073 0 02 025 11367
N49 0001 005 011 025 043 00 019 019 99.98
N51 0001 004 013 017 050 00 016 017 1109
N55 0001 004 012 023 070 00 025 028 112.69
N56 0001 004 011 034 087 111 035 039 11092
N57 0001 013 022 041 09 099 039 035 89.87
N61 0001 003 004 014 022 061 018 022 11957
N63 0001 009 016 037 077 00 026 026 10214
N66 0002 006 014 036 08 00 023 02 11368
N70 0001 006 010 026 00 00 014 015 107.28
N72 0002 007 012 031 057 00 018 018 99.05
N74 0001 008 012 022 00 00 013 014 10514
Mean 0001 008 012 031 051 029
SD. 0003 009 004 011 041 048
CV. 3000 11366 3110 3645 80.55 166.38
Table 7. The polynomial equations explaining changes in dry weight of mace
during fruit growth of some nutmeg genotypes
Genotype Polynomial equation R?
N4 (Late) Y =-0.168 + 0.0002 (X) 0.86
N36 (Late) Y =-0.217 + 0.003 (X) 0.80
N7 (Early) Y =-0.126 + 0.002 (X) 0.85
N42 (Early) Y =0.085 - 0.003 (X) + 0.000022 (X?) 0.90
N72 (Mid late) Y =-0.146 + 0.002 (X) 0.89
N37 (Mid late) Y =0.075 - 0.002 (X) + 0.00001 (X?) 0.99
Population mean Y =-0.157 - 0.006 (X) + 0.0000607 (X?) - 0.91

0.00000012 (X?)

Y (mace) = 0.157 - 0.006 (X) + 0.0000607 (X?) — 0.00000012 (X3)

In the late maturing genotype N36, the increase
was steady in mace growth upto 250 days (0.42 g)
thereafter it was rapid upto 275 days of fruit set (0.73 g)
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and was steady afterwards to reach a peak at 300 days
(0.819g). In N37, the mace growth remarkably increased
from 175 days (0.11g) up to harvest (246 days). A second-
degree polynomial explained more than 99 per cent
variation in dry weight of mace in N37.

Thus, the dry matter accumulation in the three
components of fruit showed a peculiar pattern. In the
initial 100 days, the fleshy pericarp was a predominant
sink (Table 7). The nut became a stronger sink from 125
days onwards and the mace grew steadily throughout the
course of fruit ontogeny. About 96 per cent photosynthetic
accounted in terms of dry matter was accumulated in
fleshy pericarp at 25" day of development. At this stage,
the nut derived only 3 per cent dry matter and mace had
only 1 per cent biomass in tota fruit weight. In further
period of time, there was continuous decline in per cent
proportion of fleshy pericarp, which was accompanied
by acontinuousincreasein per cent dry matter proportion
of nut aswell asmace. From 225 days onwardsthe growth
of nut and mace when taken together derived more
proportion of dry matter than the pericarp. The trend
continued till the maturity of fruit. This suggested that
the fleshy pericarp acted asatemporary and primary sink
for dry matter which were further contributed for growth
of nut as well as mace. Importantly the nut and mace
development followed a linear curve in most of
genotypes. Of the total weight of fruit 48 per cent was
contributed by pericarp, 44 per cent was shared by nut
and 8 per cent portion was allocated to mace. The
substantially long period for fruit development in nutmeg
was aso reported by Flach (1966), Nazeem (1979) and
Anonymous (1989). Further Nazeem (1979) also reported
the slow growth in the later stages of fruit development
in nutmeg. Deinum (1949) noticed pericarp to be the
major component in nutmeg fruit with its proportion of
77.8 % followed by nut (18.2 %) and mace (4.0 %).
Higher proportion of pericarp in nutmeg was also
reported by Shanmugavelu and Madhava Rao (1977) and
Krishnamoorthy et al. (1996). Nutmeg fruit takes long
period of 300 days for development. Based on this
experimentation, the early and mid late genotypes such
as N7, N42, N37and N72 can be recommended for early
yield.
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