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PLANT DEVELOPMENT AND YIELD IN THE

PINEAPPLE AS AFFECTED BY SIZE AND TYPE

OF PLANTING MATERIAL AND TIMES OF
PLANTING AND FORCING

By A. R. MITcHELL, B.Agr.Sc.*

SUMMARY
The effects of size and type of planting material, time of planting and time of forcing

on plant growth and yicld of Smooth Cayenne pineapples were investigated at the Maroochy
Horticultural Research Station in south-eastern Queensland.

Heavier plahting material resulted in larger plants at the time of forcing, heavier fruit
with more fruitlets and multiple tops, and greater slip development, while sucker development
was not increased. Harvesting was only slightly delayed by the smaller material.

Slips and tops of equal size resulted in almost identical plant development and yield.

Progressively later autumn plantings caused no significant differences in plant size at
the time of forcing or in fruit weight, although there was a downward trend. The lafest
planting slightly delayed flowering and harvesting irrespective of forcing, and reduced fruitlet
numbers. Later planting caused a decided decrease in the number of multiple tops and
slips, while early planting reduced sucker development.

Variations in time of forcing for the summer crop had little effect on fruit weight,
number of fruitlets or number of multiple tops. However, there was a tendency for May
forcing to produce the heaviest fruit. Early forcing resulted in earlier flowering and harvesting,
fewer slips from the smaller plants, and a general increase in sucker development.

L INTRODUCTION

Mitchell and Cannon (1953) stated that the first objective in pineapple
plantation management is to ensure a uniform summer plant crop. The best
suckers are produced from this crop and a good first ratoon crop should follow.
In southern Queensland, production is generally based on these lines. The result
is an intensive peak harvest in February/March, which sometimes leads to
inefficient handling by growers, canneries and markets.

* Horticulturist, Queensland Department of Agriculture and Stock
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This paper deals with possible methods of extending the summer harvest
period by means of variations in the planting material used, the date of autumn
planting and the date of forcing. At the same time, regard is given to the effects
of such variations on the characteristics of plant and fruit.

II. EXPERIMENTAL PROCEDURE

(a) Treatments and Layout

Planting times were: P1, February 26; P2, March 19; and P3, April 9,
1959. Graded summer tops and slips of the Smooth Cayenne variety were used
as planting material, the fresh weights being 6 == 1 oz and 9 = 1 oz. Forcing
times with alpha naphthylacetic acid at 10 p.p.m. were: F1, April 26; F2,
May 17; and F3, June 7, 1960.

The trial was laid out as a 2 x (3 x 3 x 2 x 2) factorial with split plots,
the main plots being various combinations of planting time and forcing time.
There were 60 plants per plot, which comprised a double-row 30 ft long.

(b) Cultural Data

Planting was carried out on a slope with a northerly aspect. Plants were
fertilized with a 10:2:20 mixture applied in eight side-dressings from late April
1959 to early February 1961. The rate of each application was 25 1b per 1000
plants until flowering, and 50 1b per 1000 plants after flowering.

Losses from top-rot amounted to 3 per cent. of the total planting. Greater
losses occurred with the earlier plantings. The gaps were replanted, marked and
regarded as missing plants.

Growing conditions were good and plants were generally well-sized at the
times of forcing. All forcing was successful in producing a regular summer
crop, which was harvested between January 20 and March 13, 1961.

HI. RESULTS
(a) Weight of “D-leaf”

The weight of a “D-leaf” (youngest mature leaf) at the time of. forcing
was suggested by Py (1958) as being a useful indication of vegetative develop-
ment and subsequent fruit weight. A D-leaf was selected by bunching the leaves
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together and removing the tallest one. D-leaves were obtained from 16 plants
per plot.. The mean weights are summarized in Table 1, where the data showing
significant second-order interactions have been included.

TABLE 1
WEIGHT OF D-LEAF (g)

e 'F1 F2 F3 Means - 6oz 9oz - T S
P1 80-5 834 80-1 81-3 P1 80-2 825 P1 822 804
P2 73-8 784 852 791 P2 77-3 809 P2 814 76-8
P3 864 76-2 810 812 P3 770 854 P3 812 81-2
T 80-6 80:6 837 81:6 T 792 84-1
S 79-8 781 80-6 795 S 772 »81~8
6 0z 768 78-1 797 782
9oz 837 80:6 84-6 829
Means 802 793 821 806

T S T S
6 oz 9 oz 6 oz 9oz F1 F2 F3 F1 F2 F3
P1 79-5 850 80-8 80-0 P1 79-8 878 792 812 790 810
P2 825 80-3 722 815 P2 790 782 870 685 785 835
P3 75:5 868 785 840 P3 830 758 848 89:8 768 772

Minimum Significant
Difference

Significant Factors Major Significant Differences
5% 1%
Main effect of Size** .. .. .. .. 30 40 |9o0z>>60z
Interaction (P x Type x Size)* .. .. 73 98 | T»>S (with P2 6 oz)
Interaction (P x Fx Type)* .. .. .. 89 12:0 | P1>P3 (with F2 T)

P1, P3 > P2 (with F1 S)
F3 > F1 (with P2 S)
F1 > F2, F3 (with P3 S)

D-leaf weight was influenced directly by size of planting material only.
Smaller planting material resulted in smaller plants at the time of forcing. This
was reflected in the lower fruit weight from smaller plants, as seen in Table 5.
The correlation between D-leaf weight and fruit weight in this trial is not a close
one, as the highly significant (P x F x Size) interaction for fruit weight is
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completely absent for D-leaf weight. No simple interpretation can be made of
the two second-order interactions, and their significance might be disregarded
until reproduced in any future work of this nature.

(b) Time of Flowering

After flowering commenced, weekly counts of shilling-sized (approx. 1 in.
dia.) inflorescences were made. Mean flowering date was calculated for each plot
on the basis of the number of inflorescences reaching the arbitrary size each week.
Table 2 contains 2-factor tables summarizing the mean flower emergence dates.

TABLE 2
DaTe oF FLowErR EMERGENCE (DAys AFTER Jury 11, 1960)
- F1 F2 F3 Means - 6 0z 9oz - T S

P1 22:2 357 37-2 31-7 P1 323 31-1 P1 302 332
P2 239 37-8 38-8 335 P2 350 32:0 P2 331 339
P3 312 379 499 39-7 P3 39-4 400 P3 391 40-3
T 251 36-8 405 341 T 344 33-8

S 265 375 434 358 S 367 349

6 oz 24-5 37-8 443 356

9 o0z 270 365 396 344

Means 25-8 371 420 350

Mean Significant
Difference
Significant Factors Significant Differences
5% 1%,
Main effect of P** .. .. .. ..| 38 56 |Pl,P2<<P3
Main effect of F** .. .. .. .. 3-8 56 |Fl<«F2<F3
Interaction (F x Size)* .. .. .. 36 49 |9 oz < 6 oz (with F3)

The overall effect of latest planting was to delay flowering by approximately
one week, independently of the time of forcing. The fact that three weeks’
difference in planting time could significantly affect the rate of development from
forcing to flowering indicates the possible long-term effects of small variations
in planting time. However, in this trial a variation of one week in flowering
time was of little practical consequence.

Earlier forcing resulted in earlier flowering, but the rate of flower develop-
ment was slower, Plants forced in April flowered in 133 days, those forced in
May flowered in 123 days, while June-forced plants took only 107 days. This
suggests that climatic factors to some extent reduced the effects of variations
in forcing time.
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The fact that the difference in flowering dates between the F3 and F2
treatments was generally less than the difference between F2 and F1 treatments
suggests that some plants had already flowered naturally when the F3 forcing
was carried out (in June). However, this natural flowering apparently did not
occur in the April-planted plots. When plants were forced in June, 9-oz planting
material resulted in significantly earlier flowering than 6-oz material. It is
therefore apparent that some natural flowering of large plants planted in February
or March had occurred by the time the June forcing was carried out.

(c¢) Time of Harvesting

Mean harvest dates were calculated on the basis of the number of fruit
harvested on each day of harvesting. These are shown in the 2-factor tables
in Table 3.

TABLE 3
DATE oF HARVEST (DAYs AFTER JANUARY 20, 1961)
- F1 F2 F3 Means - 6 oz 9oz - T S

P1 119 214 210 181 P1 189 17-3 P1 173 19-0
P2 139 24:3 219 200 P2 222 17-9 P2 200 200
P3 181 234 321 24-6 P3 250 242 P3 242 250
T 14-8 22-8 24-0 20-5 T 214 19:6

S 145 234 260 21-3 S 22:6 200

6 0z 14-4 243 273 220

9 oz 14-9 21-8 227 19-8

Means 14-6 231 250 209

Mean Significant
Difference
Significant Factors Major Significant Differences
5% 1%
Main effect of P** .. . .. .. 33 48 | Pl<<¢P3
P2 ¢ P3
Main effect of F¥* .. .. . .. 33 48 |Fl<<F2,F3
Main effect of Size** .. .. .. .. 13 18 |9o0z<<6o0z
Interaction (F x Size)* .. .. .. 23 3-1 | F2< F3 (with 6 oz)

Six weeks’ variation in planting time gave approximately one week’s variation
in harvesting time. Three weeks’ difference in forcing time gave slightly more
than one week’s difference in harvesting time, but only when forcing was carried
out prior to any natural flower initiation.
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‘Comparison between the early planting/early forcing combination and the
late planting/late forcing combination shows approximately three weeks’ difference
in mean harvest dates. The harvest patterns for these two treatment combinations,
together with the mean, are shown in Figure 1. S

E—

meccseswsva P3F3
4or 2 Mean

PERCENTAGE OF TOTAL HARVEST

JAN. FEB. . MAR.
WEEK COMMENCING

Fig. 1.—Weekly harvests expressed as percentages of total harvests (Treatments
PIF1 and P3F3). ‘

The mean harvest pattern indicates how any pronounced harvest peak can
be eliminated by planting two blocks and forcing them at different times. Under
the conditions of this trial the combination of P1 F1 and P3 F3 treatments would
give a harvest period of six weeks from January 22 to March 5, with 16 + 5
per cent. of the total crop being harvested each week and only 6 per cent. remaining
to be harvested outside this period. .

As neither P1 and P2 treatments nor F1 and F3 treatments have significantly
different mean harvest dates, it might be expected that double plantings involving
P2F1 and P3F2 treatments would result in a spread of harvest similar to the
above. The individual harvest patterns and the mean are shown in Figure 2.
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40 : ' o v = P2 Fl
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JAN. ‘ i FEB, MAR,
WEEK COMMENCING

Fig. 2.—Weekly harvests expressed as percentages of total harvests (Treatments
P2F1 and P3F2).

The mean shows that a double planting combining the P2F1 and P3F2
treatments would, under the conditions of this trial, give a harvest period of five
weeks from January 22 to February 26. Each week, 21 = 7 per cent. of the
total crop would be harvested, with only 3 per cent. remaining to be harvested
outside the period.

The reason why harvest patterns for individual treatments do not approximate
normal curves is that the northerly aspect of the planting area caused fruit from
the lower rows of the double rows to mature approximately 10 days earlier than
fruit from the upper rows. The different amounts of sunlight received by upper
and lower rows are considered to be important in helping to extend the harvest
period.

Comparisons between flowering dates and harvesting dates indicate that
treatments had no material effect on the time from flowering to harvesting.
However, there was a tendency for later forcing (equivalent to later flowering) to
result in faster development of fruit. Progressively later forcing gave average
flowering-to-harvesting periods of 151, 148, and 145 days respectively. This
suggests that climatic factors slightly reduced the effects of variation in flowering
time. -

The use of smaller planting material tended to delay harvesting slightly.
This effect increased with later forcing times, probably owing to more premature
flowering of larger plants before forcing was carried out.
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(d) Weight of Fruit

Table 4 contains 2-factor and 3-factor tables showing the average fruit
weights.

TABLE 4
AVERAGE WEIGHT OF Fruir (oz, < Tors OFF ")
- Fl F2 F3 Means - 6 oz 90z - T S
P1 52:8 572 555 552 P1 54-0 563 P1 553 550
P2 516 574 558 54-9 P2 529 569 P2 559 539
P3 54-4 536 52'5 535 P3 5141 559 P3 542 52-8
T 532 564 55-8 551 T 534 569
S 526 55-8 534 539 S 519 559
6 oz 50-3 545 532 527
9oz 55'5 577 560 564
Means 529 561 54-6 545

6 oz 9 oz
F1 F2 F3 F1 F2 F3
P1 50-0 562 55-8 555 582 55-2
P2 51:5 532 54-0 51-8 615 575
P3 495 540 49-8 592 532 552
Mean Significant
Difference
Significant Factors Major Significant Differences
5% 124
Main effect of Size** .. .. .. .. 1-6 21 |9o0z>>60z
Interaction (P x F x Size)** ., . . 4-7 64 | F2>> F1 (with P2—9 0z)
P3 >> P2 (with F1—9 o0z)
P2 >> P3 (with F2—9 oz)

The effect of increasing the size of planting material from 6 oz to 9 oz
was significantly to increase average fruit weight by 7 per cent. Based on the
planting system used in this trial, the increase was equivalent to 1% tons per
acre.

Trends indicate that small planting material may have to be planted early
to obtain optimum fruit size, whereas the time of planting with large plants is
less critical. Tops tended to produce heavier fruit than slips. There was a
tendency also for forcing in mid-May to produce heavier fruit than forcing carried
out three weeks earlier or later,
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No interpretation can be given for the second-order interaction, as significant
differences appear to be anomalous. Such differences must be disregarded until
their reality can be verified in further work along these lines.

(e) Number of Fruitlets

An approximate index of the total number of fruitlets in the fruit was
obtained by counting the number of fully developed fruitlets arranged in a long
spiral around the fruit. There are almost invariably eight rows of fruitlets
arranged in long spirals, and the approximate total number is obtained by
multiplying the number arranged in a long spiral by eight. The results are
presented in Table 5.

TABLE 5
NUMBER OF FRUITLETS ARRANGED IN LONG SPIRAL

- F1 F2 F3 Means - 6 oz 9oz - T S
P1 1459 1399 1379 1412 | P1 13-83 1441 P1 1410 1414
P2 1409 13-89 1395 1398 | P2 13-68 1428 P2 1401 1394
P3 1365 1344 13-02 1337 | P3 1294 13-80 P3 1348 13-26
T 1405 1382 1372 13-86 T 1353 1420
S 1417 1372 13:46 13-78 S 13:44 1412
6 0z 13-55 1358 13:32 13-48 .. .. .. .. .. e
90z 1467 1396 13-86 14-16
Means 14-11 1377 1359 13-82

Mean Significant
Difference
Significant Factors Significant Differences
5% 1%
Main effect of P* . . .. . 0-56 0-81 P1,P2>P3
Main effect of Size** .. .. .. . 0-23 032 [90z>>60z
Interaction (F x Size)* .. .. .. 041 0-55 | F1 > F2 (with 9 oz)

Late planting and the use of small planting material independently lowered
the number of fruitlets. These factors reduced the extent of differentiation of
fruitlets during the formation of the inflorescence, probably as the result of reduced
plant vigour. The advantage of using large planting material was most obvious
when early forcing was carried out.

Following early forcing (in April), the consequent formation of the inflores-
cence would occur prior to midwinter, during a period when conditions for growth
processes would be more favourable. An increase in fruitlet number would
therefore be expected with early forcing, and was in fact obtained with large
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plants. - As no such increase was observed for small plants, it is obvious that
fruitlet number was limited largely by plant size. Fruit weight may be partly
limited by fruitlet number, as comparison between Tables 4 and 5 tends to indicate.

(f) Number of Multiple Tops

The number of fruit with two or more tops are given for each plot of 60

plants in Table 6. |

TABLE 6

NUMBER OF MULTIPLE TopS PER PLOT

- F1 F2 F3 Means - 6 oz 9 oz - T S

P1 14-0 16:6 219 17'5 P1 163 187 P1 185 165
P2 10-2 14-8 152 13-4 P2 9-8 17:1 P2 145 123
P3 88 7-8 66 77 P3 4-8 107 P3 87 68
T 122 139 15:6 139 T 119 15-8

S 98 122 13:6 119 S 86 151

6 oz 82 10-7 120 10-3

9 oz 13-8 15:4 172 155

Means 110 130 146 12:9

Mean Significant
Difference
Significant Factors Significant Differences
5% 1%
Main effect of P** ., .. .. .. 3-8 55 |P1>P2>>P3
Main effect of Type* .. .. .. .. 17 23 |T»>S
Main effect of Size** .. .. .. .. 17 23 (9o0z)>60z

The results show that the occurrence of multiple tops was largely governed
by time of planting and size of planting material. The fact that early planting of
large planting material resulted in more multiple tops suggests that plant develop-
ment at the time of forcing is involved. These two factors would result in
improved establishment prior to the onset of winter, and such advantage would
be- carried through until forcing. Type of planting material was for once a
significant factor, the tops giving slightly more multiple tops than the slips.

(g) Number of Slips

The average number of slips per plant is shown in 2-factor and 3-factor
tablés in Table 7 o

1
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TABLE 7
NUMBER OF SLIPS PER PLANT
- F1 F2 F3 Means - 6 oz 9 oz - T‘ ) ."S. »
P1 1-85 2-16 2:38 2:13 P1 1-89 2:37 P1 2:02 224
P2 1-08 1-37 2:08 1-51 P2 1-09 1-93 P2 1-48 1-54
P3 1-:02 068 1-00 0-90 P3 0-49 1:31 P3 081 1-00
T 1-26 1-26 1-78 143 T 1-10 1-77
S 1-37 1-55 1-86 1:59 S 122 197
6 0z 0-70 1-20 1-58 1-16
9oz 1-94 1-61 2:06 1-87
Means 132 1-40 1-82 1-51
6 oz 9 oz
F1 F2 F3 F1 F2 F3

P1 122 2:25 2-20 2:49 2:06 2:56

P2 0-70 0-84 1-74 1-46 1-90 2:42

P3 018 0:50 0-78 1-87 0-86 121

Mean Significant
Difference .
Significant Factors Major Significant Differences
5% 1%
Main effect of P** 0-52 075 |P1>P2>P3
P1>>P3
Main effect of Size** .. 020 027 |90z>>60z
Interaction (F x Sixe)** 035 0:47 | F3 > F2>> F1 (with 6 oz)
oL F3 > F2 (with 9 0z)

Interaction (P x F x Size)* 0-60 0-82 | F1 > F2, F3 (with P3.9 oz),

. Early planting and the use of large planting material were independently
responsible for a significant increase in the number of slips, as was the case

with multiple tops.

The occurrence of slips and the occurrence of multiple tops

are considered to be expressions of plant vigour, which would be improved by

earlier planting and larger planting material.

There was a trend for slip numbers to increase with later forcing, but the
F1-9 oz combination was out of line with this trend, particularly when late
planting was carried out. No simple interpretations of the second-order interaction
can be suggested. ‘

'
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(h) Number of Suckers

Suckers which were large enough to be forced for the ratoon crop were
counted at the time of forcing, which was May 1961 for all plots. Only suckers
which were longer than 8 in. were counted. Table 8 shows the average number
of suckers per plant.

TABLE 8
NUMBER OF SUCKERS PER PLANT
- F1 F2 F3 Means - 6 oz 9oz - T S

P1 091 0-68 0-68 0-76 P1 079 072 P1 0-74 077
P2 1-:07 0-86 0-89 0-94 P2 0-94 094 P2 0-93 0-95
P3 1-08 0-99 0-81 0-96 P3 0-98 0-94 P3 0-96 0-96
T 0-97 0:87 0-80 0-88 T 0-88 0-87
S 1-07 0-82 0-79 0-89 S 0-93 0-86
6 oz 1-:06 0-88 078 091
9oz 0-98 0-81 0-81 0-87
Means 1-02 0-84 0-80 0-89

Mean Significant

Difference
Significant Factors Significant Differences
5% 124

Main effect of P** .. . .. .. 0-07 010 [P2,P3>>P1
Main effect of F** .. .. .. .. 0-07 010 |F1>>F2,F3
Interaction (F x Type)* .. .. .. 0-07 0:-10 | S > T (with F1)

The earliest planting reduced the development of suckers, while early forcing
increased it. This is a reversal of the trend for slip production, probably due
to a repressive effect of slip growth on sucker development. However, this
reasoning does not explain why slips produced significantly more suckers than
did tops when forcing was carried out in April,

It is of note that sucker number appeared to be unaffected by size of planting
material, whereas most of the foregoing data showed highly significant responses to
this factor. However, differences in size of suckers have not been taken into
account.

IV. CONCLUSIONS

The date of planting (in autumn), the date of forcing (for a summer crop),
and the size of original planting material were all important factors in pineapplé
plant development. Type of planting material was not important,
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Time of planting had no significant effect on the size of plant and fruit, but
had a marked effect on the expression of other morphological characters. Three
successive plantings in late February, mid-March and early April gave progressively
fewer slips and multiple tops. Planting later than mid-March significantly delayed
flowering and harvesting by a few days, and slightly reduced the number of fruitlets
in each fruit. Planting prior to mid-March reduced sucker development by 20
per cent.

Time of forcing, whether in late April, mid-May or early June, had no
significant effect on subsequent fruit weight or the number of multiple tops.
However, mid-May forcing tended to produce the heaviest fruit. Forcing prior
to mid-May significantly advanced flowering and harvesting by more than a week,
slightly increased the fruitlet number when large planting material was used, and
increased sucker development by approximately 24 per cent. With small planting
material, successive forcings from late April till early June progressively increased
the number of slips.

Larger planting material resulted in larger plants at the time of forcing, as
indicated by D-leaf measurements. The 9-oz planting material gave a 7 per cent.
increase in fruit weight compared with 6-oz material. Flowering and harvesting
tended to be slightly advanced by using the larger material, particularly when
late forcing was carried out. Large planting material significantly increased the
number of multiple tops, fruitlets and slips. Increases in fruitlets and slips
occurred mainly with April forcing. No effect of size on sucker development
was observed.

Tops and slips gave similar results. Exceptions were that tops gave slightly
more multiple tops than did slips, and slightly fewer suckers when April forcing
was carried out.

Harvest patterns show that a pronounced harvest peak can be eliminated
by planting and forcing two areas each at different times. By planting one block
no later than mid-March and forcing it in late April the following year, and
planting another in early April and forcing it no earlier than mid-May, the harvest
may be fairly evenly spread over five weeks or more.

Maximum slip number was obtained by planting large slips or tops in
February. Planting no earlier than mid-March and forcing no later than late
April the next year gave the maximum sucker development,
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